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SYNTHETICAL EXPERIMENTS IN THE NAPHTHYRIDINE GROUPS. 1493 


CC.—Synthetical Experiments in the Naphthyridine 
Groups. 


By Joun Masson GuLuanpD and Rospert RosBInson. 


THE sodamide method of Tschitschibabin (J. Russ. Phys. Chem. 
Soc., 1914, 46, 1216; 1915, 47, 835) has rendered many «- and 
y-aminopyridine derivatives readily accessible, but it is still difficult 
to obtain B-aminopyridines in quantity. We have utilised the fact 
that 2: 6-dimethylcinchomeronic acid is easily prepared (Mumm 
and Hiineke, Ber., 1917, 50, 1568) in devising a method of prepar- 
, . ation of 3-amino- 2: 6-lutidine (III). 2 : 6-Dimethylcinchomeron- 
® imide (1), obtained from the acid by heating with carbamide (com- 
| pare Herzog, Z. angew. Chem., 1919, 32, 301; Lawson, Perkin, 
-\§ and Robinson, J., 1924, 125, 634), is converted by potassium 
= hypobromite and potassium hydroxide into a salt of 3-amino-2 : 6- 
» , dimethylisonicotinic acid (II). This acid yields the aminolutidine 
P < on distillation with soda-lime. The product is gu different 
1 ¢ 


Me“ \cO Me \CO,H 
«8 >NH. NU NH eC , 
} WK. Fae 
Me os 
(I.) (II.) a ) 


from 4-amino-2 : 6-lutidine (Marckwald, Ber., 1894, 27, 1325), and 
this fact establishes the constitution of the new base. We have 
made many fruitless attempts to convert this aminolutidine into 
1: 7-naphthyridine derivatives, for example, by condensation with 
acetylacetone and by application of the Doebner-Miller synthesis. 
The reactivity of the nucleus appears to be feeble. The diazonium 
salt derived normally from the base couples with phenol with form- 
» ation of lutidineazophenol, the O-methyl ether (IV) of which was 
examined by the method of Jacobson for the semidine transformation 
* on reduction. No evidence of this was obtained, and as regards 
the benzidine transformation, Friedl (Monatsh., 1913, 34, 765) has 
prepared 3-hydrazopyridine, but makes no mention of a molecular 
rearrangement of this substance. Intramolecular changes of these 
types are clearly not facile in the pyridine series. 


siery. Be NN Me Me 
Mel Me ke lOMe Ng BNA ISN Rt 
aS Yn ON ise 
| at Pais acca en Pa Va 
RI VOL. CXXVII. oF 


6302653 


1494 GULLAND AND ROBINSON: SYNTHETICAL EXPERIMENTS 


The copyrine synthesis from derivatives of oo-diaminobenzophenone 
and 1:3-diketones described by Lawson, Perkin, and Robinson 
(loc. cit.) involves a very satisfactory reaction from the point of 
view of yield and convenience, but the number of available diamino- 
benzophenones is limited. We have now obtained 2:4: 2':4’- 
tetra-aminobenzophenone (V), and from it, by condensation with 
acetylacetone, a diaminodimethyldibenzocopyrine (VI). 

Further brief indications of synthetical schemes will be found in 
the experimental section. 


EXPERIMENTAL. 


2 : 6-Dimethylcinchomeronimide (I).—In the preparation of 
2:6-dimethylcinchomeronic acid (Mumm and Hiineke, loc. cit.) 
the isolation of the ester was found to be unnecessary. The 
product of the condensation of ethyl acetylpyruvate (83 g.) with 
ethyl B-aminocrotonate (69-3 g.) in ether (40 c.c.) was, after 15 hours, 
hydrolysed with potassium hydroxide (25 g.) dissolved in 70% 
alcohol (150 c.c.). Following steam distillation, the liquid was 
acidified with respect to Congo-red, and sodium acetate added to 
neutralise the mineral acid. The acid, m. p. 274° (pure 275°), 
erystallised from the solution in quantitative yield. The con- 
version into the imide by heating the ammonium salt at 230°, as 
described by Mumm and Hiineke, is troublesome, and the following 
process is far more convenient. ‘The acid (10 g.) and carbamide 
(5 g.) were heated together with stirring at 225° until ammonia 
was no longer evolved (about 5 minutes), then at 230° for a few 
moments, and the mass was cooled and extracted with alcohol. 
The substance, m. p. 230° (Mumm and Hiineke give m. p. 230°), 
erystallises from the solution in yellow needles (yield 81%). 

3-Amino-2 : 6-dimethylisonicotinic Acid (Il). (Compare Gabriel 
and Colman, Ber., 1902, 35, 2832, for the preparation of 3-amino- 
esonicotinic acid from cinchomeronimide).—Finely-powdered 2 : 6- 
dimethylcinchomeronimide (20 g.) dissolved when it was gradually 
added to a well-stirred, ice-cold solution of potassium hypobromite 
prepared from bromine (18-2 g.) and 10% aqueous potassium 
hydroxide (300 c.c.). After 2 hours, 10% potassium hydroxide 
(160 c.c.) was added and the mixture heated for 10 minutes on the 
steam-bath. ‘The solution was acidified with respect to Congo-red 
with hydrochloric acid ‘and evaporated to dryness under diminished 
pressure on the steam-bath. The residue was extracted twice with 
boiling alcohol, and the filtered solutions were concentrated to a 
small bulk, dilute hydrochloric acid (20 c.c.) being added to prevent 
the separation of inorganic salts. The hydrochloride of the amino- 
acid, which crystallised on cooling, was washed, dried (yield 16 g. 
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or 60%), and recrystallised from dilute hydrochloric acid, separating 
in slender, pale yellow needles, decomp. 248° (Found in material 
dried over sulphuric acid: Cl, 14-9; loss at 110°, 8-4; loss at 130°, 
15:2. CgH,,O,N,Cl,2H,O requires Cl, 14:9; 1H,0, 7-6; 2H,0, 
15:1%). The long, yellow needles which separate from alcohol 


have m. p. 253—255° with previous slight darkening. This salt is 


readily soluble in water and sparingly soluble in dilute hydrochloric 
acid. The amino-group can be diazotised and coupling with 
8-naphthol produces a red azo-compound. 

Sodium acetate was added to a concentrated aqueous solution 


_ of the hydrochloride, and the pale yellow, oblique-ended prisms of 


the acid which slowly separated were washed, and dried over 
sulphuric acid (Found: loss at 110°, 5-1; in material dried at 
110°, C, 57-9; H, 6-1. C,H,,0,N,,0-5H,O requires H,O, 4:9. 
C,H, ,0,N, requires C, 57-8; H, 60%). The acid is sparingly 
soluble in neutral organic solvents, more readily soluble in water, 
and easily soluble in alcohol; it melts at 295° after darkening at 
285°. The copper salt occurs in yellow, prismatic needles, moder- 
ately soluble in water, and the lead salt in colourless, quadrilateral 
or hexagonal prisms which do not melt at 315°. 

3-Amino-2 : 6-lutidine (II1).—A mixture of the hydrochloride of 
aminodimethylisonicotinic acid (15 g.) with powdered soda-lime 


(5 parts) was strongly heated in a combustion tube in a stream of 
hydrogen. The distillate, which solidified (6-4 g.), crystallised from 


benzene in colourless needles, m. p. 122°, and from water in needles 
which melted indistinctly between 70° and 75° and lost 14:4% on 
drying over potassium hydroxide in a vacuum; they then melted 
at 122° (Found: ©, 68-7; H, 84; N, 22-9. C,H,.N, requires 
C, 68-8; H, 8-2; N, 22-:9% and C,H,,N,,H,O requires H,O, 14:7%). 
This strong base has a characteristic odour and is readily soluble 
in most organic solvents, although somewhat ‘sparingly soluble in 
ether. The hydrochloride is very readily soluble in water and 
separates from alcohol in flat needles, m. p. 235°. 
3-p-Hydroxybenzeneazo-2 : 6-lutidine (corresponding with IV).— 
3-Aminolutidine (4:2 g.) was diazotised below 2° in hydrochloric 
acid (13-7 c.c.; d-.1-16) and water (80 c.c.) with sodium nitrite 


_ (86 g.) in water (50 c.c.). The diazo-solution was slowly added 


to a cold, agitated solution of phenol (3-2 g.) and sodium hydroxide 
(6-9 g.) in water (100 c.c.), and, after 5 minutes, the dark red solution 
was saturated with carbon dioxide. ‘The orange-brown precipitate, 
after being washed and dried (yield 6-7 g. or 86%), crystallised 
from toluene in flat, orange needles, m. p. 240° (decomp.) (Found 
in material dried at 110°: C, 68-9; H, 5-9; N, 18-6. C,,H,,ON, 


* a C, 68-7; H, 5-7; N, 189%). The substance is sparingly 
‘han, 382 
i's 


[© 


2% 
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soluble in ether, benzene, or chloroform, and is moderately readily 
soluble in alcohol, acetone, or ethyl acetate. The solutions in 
concentrated sulphuric and hydrochloric acids are bright red and 
the hydrochloride crystallises from dilute hydrochloric acid in orange- 
yellow needles, m. p. 239—240° (decomp.) (depressed by admixture 
with the base). In caustic alkalis, an orange-red solution is 
obtained, but the compound is less readily soluble in aqueous © 
ammonia than benzeneazophenol. 

The methyl ether (IV), which could not be obtained by the action 
of methyl sulphate on the phenol, since methylation of the tertiary 
nitrogen atom ensued, was prepared by Pyman’s method (J., 1918, 
1413, 227) for the O-methylation of phenolic bases; the conversion 
of benzeneazophenol into benzeneazoanisole by this process was 
found to be 75%. The lutidineazophenol (2 g.) and sodium methyl 
sulphate (3-6 g.; 3 mols.) were added to a solution of sodium 
isoamyloxide (from 0-2 g. of sodium) in tsoamyl alcohol (20 c.c.), 
and the mixture was boiled under reflux for 2 hours, the colour 
changing from red to dark brown. Ether and dilute sodium hydroxide 
solution were added to the cold mixture, and the ethereal layer was 
washed with dilute alkali and water, filtered, and the solvent 
removed by distillation and steam distillation. The residue crystal- 
lised on cooling (yield 1-86 g. or 87-79%); 0-25 g. of unchanged 
phenol was recovered. Lwutidineazoanisole is rather readily soluble 
in organic solvents and crystallises from light petroleum in elon- 
gated, diamond-shaped, red plates, often forming radiating clusters ; 
it melts at 81—82° and solidifies to a yellow mass on cooling. When 
the bright red crystals were collected, they became yellow in places, 
but the change did not progress on keeping (Found: C, 69-6, 
69-4; H, 6-2, 6-2. C,,H,,ON, requires C, 69:7; H, 6-29%)- The 
hydrochloride, orange needles, sparingly soluble in dilute hydro- 
chloric acid, melts to a paste at 112°, but, after drying at 100°, 
has m. p. 183—185° (decomp.). The semidine transformation was 
attempted by treatment of the ether both with acid reducing agents, 
such as alcoholic stannous chloride and hydrochloric acid, and with 
neutral reducing agents, such as aluminium—mercury and alcohol, 
and hydrogen in presence of palladium, followed by treatment with 
acids. The products gave no trace of triazole derivatives on treat- 
ment with nitrous acid. The failure of the semidine rearrangement 
also involved the breakdown of an otherwise feasible synthesis 
of harmine. 

Derwatives of 3-Amino-2-methylcinchoninic Acid.—The object in 
view in making the experiments described below was the conversion 
of the accessible 3-amino-2-methylcinchoninic acid (Lawson, 
Perkin, and Robinson, loc. cit.) into a 1 : 7-naphthyridine derivative 
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by applying the Camps synthesis of 2 : 4-dihydroxyquinoline from 
anthranilic acid (Arch. Pharm., 1899, 237, 659). The attempt was 
abandoned on account of the difficulties encountered, and indicated 
in the sequel, but also because Seide (Ber., 1924, 57, 1806) failed 
to obtain a naphthyridine derivative in a similar manner from 
2-aminonicotinic acid. 

Methyl 3-Amino-2-methylcinchoninate—The acid is not esterified 
when its solution in dry methyl alcohol (25 g. in 500 c.c.) is saturated 
with hydrogen chloride and heated under reflux for 3-5 hours. This 
phenomenon is not abnormal, since the conditions for the exercise 
of powerful steric hindrance are present, whilst, in addition, the 
basic character of the substance operates against the exhibition of 
oxonium character by the oxygen atoms of the carboxyl group. 

A mixture of the acid (10 g.), sulphuric acid (10 c.c.), and methyl 
alcohol (100 c.c.) was boiled under refiux for 7 hours. Barely 1 g. 
of the ester was ultimately isolated as a viscous, yellow oil which 
soon solidified; it crystallised from light petroleum (b. p. 60—80°) 
in canary-yellow needles, m. p. 83—84° (Found: C, 66-4; H, 5-6. 
C,,H,.0,N, requires OC, 66-7; H, 5:-6%). The substance exhibits 
brilliant blue fluorescence in ethereal solution, and is readily soluble 
in dilute hydrochloric acid and most organic solvents. The acetyl 
derivative was apparently not produced by the action of boiling 
acetic anhydride alone, but when the ester was boiled with an 
excess of acetic anhydride and fused sodium acetate for 10 minutes 
a substance was isolated in about 35% yield, which crystallised 
from benzene-light petroleum in pale yellow needles, m. p. 169°. 
This is doubtless methyl 3-acetylamino-2-methylcinchoninate, but the 
method of preparation is very unsatisfactory and attempts, unfor- 
tunately fruitless, were made to reverse the order of the operations. 
3-Acetylamino-2-methylcinchoninic acid. A mixture of amino- 
methylcinchoninic acid (10 g.), fused sodium acetate (10 g.), and 
acetic anhydride (30 c.c.) was gently heated over a free flame until 
a vigorous reaction set in and the yellow colour disappeared. After 
being heated to incipient ebullition for a minute, the product was 
cooled, decomposed with water, and the precipitate collected and 
dried (10 g.). The material was a mixture, and an acidic fraction 
was separated from a neutral fraction (A) by means of dilute aqueous 
sodium carbonate. The acid precipitated from the filtered alkaline 
solution was at first gelatinous, but became crystalline when the 
mixture was heated on the steam-bath for about 10 minutes. The 
substance crystallises from much hot water in small, colourless 
needles which, after drying in a vacuum, lose 10-39% at 100° and 
then have m. p. 286° (Found in material dried at 100°: C, 64:2; 
H, 49. C©,,H,.0,N,,1-5H,O requires H,O, 9-6% and C,,H,.0,N, 
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requires C, 63-9; H, 49%). This compound is sparingly soluble 
in most organic solvents, but dissolves in dilute hydrochloric acid 
at about 40° and separates again on cooling. The acetyl group 
was not, removed when a solution of the substance in dilute aqueous 
sodium hydroxide was boiled for 4 hours; a sodium salt separated 
in silky needles from the cooled solution and by treatment with 
dilute acetic acid gave the unchanged acid, m. p. 286°. 

A curious result followed an attempt to esterify the acid. A 
mixture of 3-acetylamino-2-methylcinchoninic acid (2 g.), sulphuric 
acid (3 c.c.), and methyl alcohol (20 c.c.) was boiled under reflux 
for 3-5 hours. After distillation of half the methyl alcohol, the 
mixture was added to water and ammonia and extracted with 
ether, which removed nothing. The ammoniacal solution was then 
acidified with hydrochloric acid and, on keeping, 1-9 g. of a yellow 
substance separated which crystallised from water in feathery, 
yellow needles, m. p. 217° (decomp.) [Found: loss at 100°, 14:3; 
in material dried at 100°, C, 64-8; H, 5-1. C,,H,.O;N,(2C,,H,,0.N, 
+ C,H,0, — H,O) requires C, 64:6; H, 4-9% and C,,H,.0;N,,4H,0 
requires H,O, 13-9%). When the acetylamino-acid was boiled 
with concentrated hydrochloric acid it was quickly converted into 
an acid, devoid of basic properties, which, crystallised from dilute 
hydrochloric acid and then from alcohol, formed bright yellow 
needles, m. p. 234—235° (Found in material dried in a vacuum : 
loss at 100°, 5-6; in material dried at 100°, C, 63-1, 63:4; H, 5-5, 
5:6; N, 12-8%). Both substances, m. p. 217° and m. p. 234—235°, 
are acids which are readily soluble in aqueous sodium carbonate, 
and the latter was shown to be unaffected by boiling dilute aqueous 
sodium carbonate in 4 hour. We have not reached any definite 
conclusion as to the nature of these substances. , 

Anhydro-3-acetylamino-2-methylcinchoninic Acid.—The material 
(A) obtained in the course of the acetylation of aminomethy]l- 
cinchoninic acid crystallised from alcohol or benzene in colourless 
needles, m. p. 199—200° (Found: C, 69-1; H, 46; N, 12-2. 
C,3H,)0,N, requires C, 69-0; H, 4:4; N, 12-4%). On boiling with 
water, the substance is slowly hydrated, but more rapidly in presence 
of sodium hydroxide, with the formation of 3-acetylamino-2- 
methylcinchoninic acid, m. p. 286°. The substance resembles 
acetylanthranil (compare Schroeter and Hisleb, Annalen, 1909, 
367, 124), and its constitution is probably analogous (O instead of 
NPh) to that of the pyrimidine derivative described below. 

1-Keto-2-phenyl-3 : 5-dimethyl-1 : 2-dihydro-2 : 4: 6-naphthaiso - 
triazine, CyH MeN NA mixture of anhydro-3-acetyl- 


amino-2-methylcinchoninic acid (0-7 g.) and aniline (2 c.c.) was 


Bs 
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boiled for 2 minutes and cooled, and the product was washed with 
alcohol and crystallised from much alcohol, separating in yellow 
needles, m. p. 235° (Found: C, 75-6; H, 5-3. C,,H,.ON, requires 
OC, 75-7; H, 5:0%). This sparingly soluble substance is a weak 


base and is precipitated unchanged on addition of water to its 


solution in concentrated hydrochloric acid. 
2:4:2':4'-Tetra-aminobenzophenone (V).—Schépfi’s method of 
tetra-nitration of diphenylmethane (Ber., 1894, 27, 2318) resulted 
in inferior yields, and the following method effected a considerable 
improvement. Molten diphenylmethane (53 g.) was added drop 
by drop to a stirred solution of potassium nitrate (128 g.) in sulphuric 
acid (360 g.) maintained below 25°. An equal quantity of potassium 
nitrate was then introduced and the mixture frequently shaken and 
heated on the steam-bath for 30 minutes. The isolation was by 
the method of Schépff, and the yield 70%. The oxidation of tetra- 
nitrodiphenylmethane with chromic and acetic acids as described 
by Stadel (Annalen, 1883, 218, 341) proved a most unsatisfactory 


_ process and, after numerous trials, we finally adopted the following 


conditions. ‘Tetranitrodiphenylmethane (10 g.) was dissolved in 


- concentrated sulphuric acid (90 g.) and water (10 g.), and a con- 


_ centrated aqueous solution of chromic acid (5-8 g.) added with 
_ vigorous agitation, the temperature being maintained below 40°. 


The mixture was finally heated for an hour on the steam-bath, 
added to water, and the precipitate collected and dried (7-5 g. or 
72%). A specimen crystallised from acetic acid melted at 224— 
225° and for ordinary purposes the crude product can be satis- 


_ factorily purified by extraction with hot ethyl acetate. A good 


_ criterion of purity is the absence of the blue coloration with alcoholic 


potassium hydroxide which is so characteristic of tetranitrodi- 
phenylmethane. ; 

The tetranitrobenzophenone (10 g.) was suspended in a mechanic- 
ally stirred mixture of acetic acid (100 c.c.) and concentrated 
hydrochloric acid (65 c.c.), and granulated tin (45 g.) gradually 
added. After about 20 hours, the liquid contained no solid nitro- 
compound in suspension and gave a clear solution with water. 
Sufficient water to dissolve the tin salt was added, and the filtered 
solution rendered strongly alkaline by the addition of sodium 


_ hydroxide. After a few hours, the black sludge and yellow needles 
_were collected, dried, and extracted several times with hot alcohol. 


Dull, yellow prisms (3 g.) separated on cooling the concentrated 
extracts; the base, recrystallised from alcohol, had m. p. 202° 
(Found: ©, 64:5; H, 6-0; N, 23-2. C,,H,,ON, requires C, 64-5; 
H, 5-8; N, 23-1%). Tetra-aminobenzophenone is readily soluble 
in acetone, ethyl acetate, or methyl alcohol, sparingly soluble in 
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benzene or chloroform, and very sparingly soluble in ether. Just 
above its m. p. the substance evolves ammonia; the residue dis- 
solves in dilute hydrochloric acid, the yellow solution exhibiting 
bluish-green fluorescence. This behaviour indicates the formation 
of diaminoacridone. On treatment of an acid solution with sodium 
nitrite, a brown precipitate is thrown down and the solution contains 
a diazonium salt. 3 

10: 15-Diamino-1 : 8-dimethyldibenzocopyrine (V1). — Concen- 
trated hydrochloric acid (5 c.c.) was added to a mixture of 
2:4: 2’: 4'-tetra-aminobenzophenone (1 g.), acetylacetone (1 g.), 
and water (25 c.c.), and the whole gently heated. In about 4 minute 
orange crystals separated and the mixture was then boiled for a 
minute and cooled. The crystals were collected, washed with 
alcohol, and dried in a vacuum (Found: Cl, 26-6. C,.H,,.N,,3HCl 
requires Cl, 26:7%). This hydrochloride occurs in orange-red, 
rectangular plates, which decompose without melting at 310°. 
It crystallises in beautiful leaflets when hydrochloric acid is added 
to an aqueous solution. The yield in the preparation is almost 
quantitative if account be taken of the small amount of base 
recoverable from the original filtrate. In order to obtain the free 
base, the salt was dissolved in boiling dilute acetic acid and 
potassium hydroxide added until crystals began to separate. ‘The 
heating was then discontinued and the remainder of the base 
precipitated by the further addition of potassium hydroxide. The 
substance was collected, washed, dried, and dissolved in a large 
volume of hot alcohol (charcoal). The filtered solution was con- — 
centrated by distillation and, at a certain stage, pale brown cubes 
were deposited from the hot solution (Found: C, 75-2; H, 5-6; 
N, 19:2. C,.H,,N, requires C, 75:0; H, 5-6; N, 19-49%)o "The 
substance is sparingly soluble in most organic solvents and its 
alcoholic solution exhibits a weak green fluorescence. It begins to 
decompose at about 305°, but does not melt at 340°. The base 
can be normally tetrazotised and coupled with 8-naphthol to produce 
a crimson azo-compound. 

An attempt to shorten the preparation was made, the product of 
reduction of tetranitrobenzophenone (1 mol.) being treated with 
zine to eliminate tin and then with acetylacetone (3 mols.) on the 
steam-bath. After the red precipitate had been treated with 
successive quantities of cold alcohol, the residue consisted of the 
above-mentioned trihydrochloride. The alcoholic filtrates were 
evaporated to dryness; the residue crystallised from dilute hydro- 
chloric acid in dark red needles which, air-dried, lost 19-6% at 130°, 
leaving a purplish-brown mass with a green reflex. This salt exhibits 
a most brilliant green fluorescence in solution and contains a diazo- 
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tisable amino-group. The amount of material at our disposal did 
not permit of further investigation. 

Benzoylveratroylmethane, PhCO-CH,°CO-C,.H.,(OMe),. — Ethyl 
veratrate (10-5 g.) and acetophenone (7-5 g.) were condensed together 
by means of granulated sodium (2-3 g.) under dry ether (50 c.c.), 
and the diketone was isolated as the copper salt (5 g.) in the usual 
manner. This substance crystallised from benzene in pale green 
leaflets, m. p. 250° (Found: Cu, 10-1. C,,H3,0,Cu requires 
Cu, 10-1%). The benzoylveratroylmethane obtained by its decom- 
position with dilute sulphuric acid in presence of ether crystallised 
from methyl alcohol in pale yellow plates, m. p. 67°, and was readily 
soluble in most organic solvents (Found : C,71-7; H,5-6. C,,H,,0, 
requires C, 71:8; H, 5:6%). An alcoholic solution is coloured 
greenish-brown on the addition of ferric chloride. 

Ethyl Benzoylveratroylacetate, (MeO),C,H,-CO-CH(CO,Et)-COPh. 
—As the yield of benzoylveratroylmethane was rather poor in the 
direct process, this ester was prepared, but it could not be hydrolysed 
so as to yield the desired product. 

Solutions of sodium ethoxide (from 8-7 g. of sodium) in alcohol 
(147 c.c.) and of veratroyl chloride (39-5 g.) in benzene (500 c.c.) 
were prepared. Half the sodium ethoxide solution was added to 

_ ethyl benzoylacetate (37-8 g.), and the mixture stirred and cooled 
to 0°. Half the veratroyl chloride solution was added during 
15 minutes, and the mixture allowed to remain for 30 minutes. The 
cycle of operations was repeated several times, on each occasion 
one-half of the volume of the solution which remained being added. 
After 12 hours, the dense, yellow precipitate of crude sodium salt 
was collected, washed with benzene, dried in the air, and decomposed 
in aqueous solution with 2N-hydrochloric acid. The bulky, white 
precipitate of the ester was taken up with ether and the extract 
rapidly dried and concentrated, when, on standing, most of the 
product separated in colourless nodules. The substance was recrys- 
tallised by addition of light petroleum to a benzene solution (at 
about 50°), the long, slender needles obtained having m. p. 125—126° 
(Found : C, 68-9; H, 5-8. C,,H,,0, requires C, 68-9; H, 5-7%). Ferric 
chloride added to an alcoholic solution developed a red coloration. 
When the ester (15 g.) was boiled with aqueous ammonia (10:8 c.c. ; 
d 0-880) in water (100 c.c.) for 5 minutes, the chief products were 
benzamide and ethyl veratroylacetate; veratramide, veratric acid, 
and acetophenone were also formed. Benzoic acid and acetoveratrone 
did not appear to be among the products of hydrolysis. 

2 : 4-Dinitro-3’ : 4'-methylenedioxystilbene.*—We have prepared 

* This work on some derivatives of stilbene was carried out in collabor- 


ation with William Stafford. 
3 F* 
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some stilbene derivatives in order to attempt to obtain 2 : 6-naph- 
thyridine derivatives by the dehydration of oo-diacylaminostilbenes. 

A molten mixture of piperonal (23 g.), 2 : 4-dinitrotoluene (27 g.), 
and piperidine (30 drops) was heated on the steam-bath for 3 hours, 
when the mass became solid. The very sparingly soluble product 
crystallised from acetic acid in bright salmon prisms, m. p. 180° 
(Found: C, 57:3; H, 3-2. C,,H,,0,N., requires C, 57-3; H, 3-2%). 

4.Nitro-2-amino-3' : 4'’-methylenedioxystilbene.—A cooled solution 
of dinitromethylenedioxystilbene (20 g.) in acetic acid (300 c.c.) 
was mixed with a solution of crystallised stannous chloride (40 g.) 
in acetic acid containing hydrogen chloride and stirred in the cold 
for 6 hours. The orange-yellow tin salt obtained was digested with 
water, and from the free, red amino-derivative produced the hydro- 
chloride was prepared in alcoholic solution, and decomposed by 
water. The base crystallised from alcohol in dark red prisms, 
m. p. 213° (Found: C, 63-3; H, 4-4. C,;H,,0,N., requires C, 63-4; 
H, 4:2%). Its constitution may be inferred from the results of 
Thiele and Escales (Ber., 1901, 34, 2842) relating to the semi- 
reduction of 2:4-dinitrostilbene combined with the fact that 
ammonia and hydrogen sulphide reduced cinLtrone Ee 
stilbene to a quite different isomeric base. 

2: 4-Dinitro-2' : 3’-dumethoxystilbene was prepared from 2 : 4-di- 
nitrotoluene (18 g.), 2:3-dimethoxybenzaldehyde (17 g.), and 
piperidine (20 drops) as described above. It crystallised from 
acetic acid in bright yellow prisms, m. p. 165° (yield 31 g.; 94%) 
(Found: C, 57:9; H, 4:4. C,,H,,0,N, requires C, 58-2; H, 4:3%). 

2-Nitro-4-amino-2' : 3’-dimethoxystilbene.—The conditions for the 
satisfactory preparation of 2-nitro-4-aminostilbene itself have been 
studied and the following method gives good results (compare 
Thiele and Escales, loc. cit.). Hydrogen sulphide was led for 
3 hours through a gently refluxing mixture of dinitrostilbene (20 g.), 
alcohol (250 c.c.), and aqueous ammonia (30 c.c.; d 0-880). The 
cooled solution was filtered, and the hydrochloride precipitated with 
hydrogen chloride; the base obtained from the salt separated 
from alcohol in red crystals, m. p. 110°. 

Nitrosiilbenediazonium hydrogen sulphate is readily isolable in 
the crystalline condition and on decomposition with aqueous 
potassium iodide gives 4-10do-2-nitrostilbene, bright yellow crystals, 
m. p. 105°. A similar reduction process was applied to dinitro- 
2’ ; 3’-dimethoxystilbene and orange-red needles, m. p. 121—122°, 
were obtained (Found: ©, 63:6; H, 5:2. C,,H,,0,N, requires 
C, 64:0; H, 53%). 

2:4-Dinitro-3' : 4'-dimethoxystilbene, prepared from veratralde- 
hyde and 2:4-dinitrotoluene, crystallises from acetic acid in 
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stout, maroon prisms, m. p. 143°, sparingly soluble in alcohol 
| (Found: C, 58-0; H, 4-4. C,,H,,0,N, requires C, 58-2; H, 4:3%). 
When triturated with acetic acid (35 c.c.) and nitric acid (25 c.c.; 
d 1-42), the substance, (19 g.) became yellow; the product crystallised 
from acetic acid in short, yellow prisms, m. p. 192° (Found: N, 11:3. 
C,,H,,0,N, requires N, 11-:2%). 

_ 2:4: 6'-Triniiro-3' : 4'-dimethoxystilbene is readily soluble in 
- acetone, but sparingly soluble in most other organic solvents. 

_ 2:4-Dinitro-2'-hydroxystilbene is obtained in poor yield from 
2: 4-dinitrotoluene and salicylaldehyde in presence of piperidine. 
; It crystallises from ethyl alcohol in light brown, irregular granules, 
mom, p. 179—181° (Found: C, 58-6; H, 3:6. C,,H,,0;N, requires 
€, 58:7; H, 3-5%), is readily soluble in most organic solvents, 
_ develops no coloration with alcoholic ferric chloride, and dissolves 
_ in aqueous sodium hydroxide to a red solution. 7 

_ 2:4-Dinitro-3’-methoxy-4'-hydroxystilbene, produced (yield 67%) 
_ by condensation of 2 : 4-dinitrotoluene and vanillin in presence of 
piperidine, crystallises from acetic acid in stout, vermilion prisms, 
" m. p. 193° (Found: ©, 57-0; H, 3-8. ©,;H,,0,N, requires C, 56-7 ; 
me, 3-9%). 


_ We desire to thank the Carnegie Trust for the Universities of 
- Scotland for a Scholarship which enabled one of us (J. M. G.) to 
_ take part in this investigation. 
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CCI.—The Rotatory Dispersive Power of Organic 
Compounds. Part XVII. B- and x-Sulphonic 
Derivatives of Camphor. 


By Evan Mattuew Ricuarps and Tuomas Martin Lowry. 


1. Purpose of the Observations. 
‘Tae experiments now described were undertaken in order to 
extend our knowledge of the rotatory dispersion of the derivatives 
of camphor, more particularly by including in the scope of our 
investigations a number of water-soluble compounds, since it 
appeared likely that the influence of the solvent would be reduced 
to a minimum when the optically active molecule is in a medium 
_ for which (just as in the case of a soap) it has no affinity except 
through the influence of a single ionisable group. Recent work on 
~ the orientation of the 8-derivatives of camphor (this vol., p. 279) 
. 3 * po) 
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has, however, made it possible also to draw important conclusions 
in reference to the influence of substitution on the dissymmetry of 
the camphor molecule in relation to its optical activity. 


2. Summary of Experimental Results. 


(a) Abnormality of the z-Derivatives of Camphor.—The data now 
recorded confirm the conclusion, already arrived at in the preceding 
paper (Part XVI) from the study of the halogen compounds, that 
there is something mysterious about the optical rotatory power 
of the z-derivatives of camphor. Thus, whereas the molecular 
rotatory powers of the «- and «’-bromo-derivatives of camphor and 
of @-bromocamphor differ by 425° and 540°, respectively (this vol., 
p. 1261), the corresponding derivatives of z-bromocamphor differ so 
little that the order of magnitude of their rotatory powers actually 
depends on the solvent chosen, the corresponding figure to those 
cited above being —47°. The present investigation has disclosed — 
the further remarkable fact that, whilst the optical rotation of 
camphor, and of all the derivatives that have yet been examined 
(except camphorquinone), contains a high-frequency term (corre- 
sponding with the general absorption of a saturated molecule) and 
a low-frequency term (corresponding with the selective absorption 
of the unsaturated ketonic group), the rotatory power of many of 
the 7-derivatives can be expressed, within the limits of experimental 
error, by a “simple’”’ formula containing only a single low- 
frequency term. Thus the rotatory power of ammonium a-bromo- 
camphor-7-sulphonate, C,,H,,BrO°SO,-ONH, (Table 1) in water 
agrees rigidly, over the whole range of the visual and photographic 
observations, with the theoretical values calculated from the 
“simple” dispersion equation « = 22-015/(\* — 0:09668). The 
dispersion constant of this equation, ,* = 0-:09668 (A = 3109 
A.U.), has the low frequency which is characteristic of the ketonic 
group, the high-frequency term of the parent ketone being reduced 
to such a small magnitude that it cannot be detected in the range 
of wave-lengths covered by the observations. The same beha- 
viour was observed in ammonium «-chlorocamphor-z-sulphonate, 
C,)H,,Cl0-SO,-ONH, (Table II), the rotatory dispersion of which 
is also simple, and can be expressed completely, throughout the range 
covered by the visual and photographic observations, by the 
equation « = 17-677/(a? — 0-09946), from which we can deduce the 
value \) = 3154 A.U. The photographic observations were less 
regular than in the case of the bromo-compound, but only because 
the settings of the analyser did not happen to correspond with 
strong lines in the iron spectrum. 

In addition to these two salts, «-bromocamphor-z-sulphonethyl- 


POWER OF ORGANIC COMPOUNDS. PART XVII. 1505 


chloroamide,* C,,H,,BrO°:SO,-NCI-C,H, (Table III), and «-bromo- 
camphor-x-sulphondichloroamide,* C )H,,BrO-SO,:NCl, (Table IV), 
gave a simple dispersion throughout the visible region (although 
in this case the curve was not followed into the photographic 
region), the value of the dispersion constant being A)? = 0:09969 
(\ = 3157 A.U.) for the former and A)? = 0-10719 (a, = 3200) 
for the latter compound. An isomorphous mixture of the stereo- 
isomeric «a’-bromochlorocamphor-z-sulphonamides,* 
C,)H,,C1BrO-SO,:NH,, 

the data for which are not reproduced, gave, however, a dispersion 
eurve which, although it deviated only moderately from the simple 
law in the red, green, and blue regions, swung aside sharply in the 
violet, the dispersion being therefore obviously complex. 

The predominance of the low-frequency term which is such a 
striking property of the z-sulphonic derivatives of camphor is not 
a completely new feature, since it can already be seen in the simple 
bromo-derivatives. ‘Thus, whereas the two partial rotations of 
camphor are comparable in magnitude, the rotation constants of the 
low- and high-frequency terms being + 29-4 and — 20-1, respect- 
ively, the corresponding constants of «7-dibromocamphor are 
+ 25:2 and — 5-7 only. 

(b) Properties of the 8-Derivatives—Whereas the z-derivatives 
of camphor have an exceptionally high rotatory power, substitution 
in the @-position generally causes a diminution of rotatory power. 
Thus the rotatory power of Reychler’s well-known camphorsulph- 
onic acid, C,,H,,0°SO,°OH (Table V), in water, [«];4,, = + 30-4°, 
[M5461 = + 70-7°, is actually lower than that of camphor in 
benzene, [«]:46, = + 52:34°, [M]..6, = + 79-7° (compare B-bromo- 
camphor, this vol., p. 1261). The dispersion of the acid is, however, 
obviously complex, since a simple formula which agrees with the 
data for the red and blue lines Zn 6362 and Zn 4811 shows a deviation 
of + 1-5° in the green, — 21° in the violet, and — 196° in the ultra- 
violet at 3969 A.U. In this respect, the sulphonic acid closely 
resembles camphor itself; and it was found that by using the 
same dispersion constants as in the case of camphor (this vol., 
p. 612) a two-term formula could be fitted to the curve for the 
sulphonic acid with fairly good results, the maximum deviation in 
the photographic readings being about 2° in each case. Whereas, 
however, the deviations in the case of camphor were distributed 
irregularly as regards sign and magnitude, and were clearly within 
the limits of the errors of observation, the deviations in the case 
of the sulphonic acid (on readings of smaller magnitude) were 
obviously systematic, since the errors were all positive in the visual 


* Available through the kindness of Prof. Pope and Mr. F. G. Mann. 
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region and all negative in the photographic region. A revised 
formula was therefore deduced in which the systematic errors were 
reduced to a small fraction of their former magnitude.* It should 
be noted that this was probably the only attempt that we have 
made to deduce the constants of a dispersion equation from external 
data, and that it was a failure, mainly because we were fortunate 


enough to be working with a long column of a strong aqueous 


solution of a transparent substance, so that our observed rotations 
were nearly twice as great as the specific rotations deduced from 
them. 

As might be expected, the «-derivatives of Reychler’s camphor- 
8-sulphonic acid show higher rotations than the parent compound. 
Thus potassium «-chlorocamphor-f-sulphonate, C,)H,,ClO-SO,-OK 
(Table VI), and potassium  «-bromocamphor-§-sulphonate, 
C, 9H,,Br0-SO,-OK (Table VII), gave higher rotations than camphor, 
namely, [o]s4¢) = + 77:4°, [M1 ]sag, = + 236° and [«]546; = + 111:3°, 
[WZ ]516, = + 389°, respectively. The dispersions of these salts are 
complex but normal, the two partial rotations being of similar sign 
in each case. 7 

The sulphonamide, C,)H,;0°SO,°NH,, of Reychler’s acid is remark- 
able in being almost inactive, [«]:,,, = + 0-4° only. It was 
therefore of interest to find out whether this small rotatory power 
was due to the small asymmetry of the compound, or to an anomal- 
ous dispersion, the small readings being then due merely to the 
observations falling in a region near to the wave-length at which an 
inversion of sign takes place. Observations for two other lines gave 
[o]sog9 = — 0°8°, [x]is5g = + 15-16°, showing that there is actually 
a reversal of sign, although the rotations are still small, and do not 
indicate that any large optical rotatory power would be developed 
in the accessible region of the spectrum. 


O,H,.-CH 
The anhydramide, _ |* 18.) ?, of Reychler’s acid (Table VIII) 
OSs NU 
has a rotatory power, [«]:14¢, = — 35:9°, [M]:16, = — 76-5°, of 


about the same magnitude as the parent compound, but opposite 
im sign, since the anhydramide derived from d-camphor is levo- 
rotatory. The dispersion of this compound conforms closely to 


* We are indebted to Mr. G. Owen, M.Sc., for this recalculation, which 
extended over a period of several months, and involved the investigation of 
more than a score of formule, before a satisfactory agreement was reached. 
The ultimate alteration in the constants was, however, relatively small, 
showing that a full series of readings fixes these constants within fairly narrow 
limits, thus : 

en Ks ae ae 
Old formulae cia ti. 21-523 — 17-586 0-0872 0-0528 
New formula ......... 22-17 — 18-32 0:085815 0-04945 
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Biot’s law of inverse squares, but, on account of its small dispersion 
ratio, must be formulated as complex, just as in the analogous 
cases of sodium tartrate (Lowry and Austin, Phil. Trans., 1922, 
A, 222, 278) and octyl oxalate (Lowry and Richards, J., 1924, 
425, 1593). This observation is, however, of considerable interest 
in that, as a result of eliminating the ketonic double bond of 
camphor and replacing it by an imido-link in a closed ring, the 
low-frequency term in the dispersion equation has been reduced to a 
proportion which is almost negligible, whereas in the z-derivatives 
it is the high-frequency term which disappears from the equation. 


3. Relation between Rotatory Dispersion and Absorption. 


As in the case of Parts XV and XVI, publication of the dispersion 
data in the present paper has been delayed for more than a year 
in order to correlate them with measurements of absorption. A 
detailed comparison of the dispersion constants with the wave- 
lengths, ,, of the absorption bands now gives the results shown 
in the following table. | 


Dispersion Constants of Sulphonic Derivatives of Camphor. 


| nes kg. Ay Ne Ki: Neel Ayia. 
Ammonium a- 
chlorocam phor- 
a-sulphonate +17°677 — 0:09946 — 3150 3030 +120 
Ammonium a- 
bromocamphor- 
a-sulphonate +22°015 — 009668 — 3110 Am’3020 + 90 
K’ 3040 


a-Bromocamphor- 

a-sulphonethyl- 
-_ chloroamide +25°889 a“ 0:09969 —- 3160 — — 
-a-Bromocamphor- 

a-sulphondi- 

chloroamide + 23°897 ~ 0°10719 — 3275 — — 
Camphor-f-sul- 

phonic acid +2217 —1832 0°08515 0°04945 2920 2850 + 70 
Camphor-f-sul- ; 

phonanhydr- 

BMA ......005 = —10°696 — bs — — _ 
Potassium a- 

chlorocamphor- 

B-sulphonate +12:060 + 5:1354 0°09768 —— 3125 3000 +125 
Potassium a- 

bromocamphor- 

B-sulphonate +18°78 + 5-569 0:09517 — 3085 3030 -+ 55 


* This compound conforms closely to Biot’s law of rotatory dispersion. 


In general, these constants follow one another fairly closely ; 
thus Reychler’s acid, which gives an abnormally small value for 
\,2, is also seen to give an exceptionally small value for \,. As 
in all the cases hitherto examined, however, there is a steady dis- 
crepancy between the characteristic wave-lengths, A, and Aq; 
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as deduced from the optical rotations and from the absorption 
spectra respectively. Since this discrepancy is in the same direc- 
tion as in every previous case, and is, moreover, of the same order 
of magnitude, namely, 90 A.U. as an average of five individual 
cases, it may now be regarded as a perfectly normal phenomenon. 
It therefore calls for no further comment, except to add that the 
‘simple ’” one-term equations now worked out for some of the 
a-derivatives show just the same degree of concordance, and there- 
fore rest on just as secure a foundation, as the ‘‘ complex ”’ two- 
term equations of the preceding paper of this series. In those cases, 
it was assumed in advance that the total rotation contains two 
partial rotations of unequal frequency ; if a similar assumption were 
made in the present case, it would merely result in the development 
of equations in which k, = 0. 

Attention may also be directed to the fact that camphor-f- 
sulphonanhydramide (in which the low-frequency partial rotation 
has disappeared from the equation as a sequel to eliminating the 
ketonic oxygen) is exceptionally transparent in the ultra-violet, 
and exhibits only a general absorption of light, without even a 
‘‘ step-out ” to mark the presence of an incipient selective absorp- 
tion (Lowry and Desch, J., 1909, 95, 1343). 


4. Discussion of Experimental Results. 


In view of the proof that has recently been given (Wedekind, 
Schenk, and Stiisser, Ber., 1923, 56, 663; compare Lowry and 
Burgess, this vol., p. 279) that the ®-derivatives, like the z-deriv- 
atives, are formed as a result of substitution in a methyl group, 
the three positions in which substitution can take place in the 
camphor molecule can be shown in two alternative aspects as in 
Tand Il: 


H H 
C : Ce 
H,C | \o HCl be 
(L.) HCL | , !co Se erect bo /- tite 
eV bx EY 
| 
CH, CH, 


Both methods of formulation bring out the fact that the molecule 
is almost symmetrical above and below the dotted horizontal line, 
and would indeed become completely symmetrical if (i) the >CO 
group were reduced to >>CH,, and (ii) the terminal methyl were , 
replaced by hydrogen, or conversely. A still closer approach to 
symmetry can be seen in formula I, where the only element of 
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dissymmetry about a vertical plane perpendicular to that of the 
paper would again disappear if the CO group of camphor were 
reduced to CH,. 

(a) Simple Dispersion of w-Derivatives—In summarising the 
experimental results it was stated that the rotatory dispersion of 
several of the z-derivatives can be expressed by means of a single 
term of Drude’s equation, governed by a low-frequency dispersion 
constant only. In cases such as these, one may always suspect 
that the apparent simplicity of the low-frequency dispersion may 
mask the presence of a high-frequency term instead of eliminating 
it completely; but this does not excuse us from the necessity of 
inquirmg why the high-frequency term has become impotent, or 
why this impotence should appear abruptly on passing from one 
group of compounds to another. The phenomenon to be accounted 
for is indeed very similar, whether the dispersion is fundamentally 
“simple ” or only simple within the limits of experimental observ- 
ation. In the analogous case of camphorquinone (J., 1924, 125, 
2511), the disappearance of the high-frequency term from the 
- equation can be accounted for by noticing that (i) the low-frequency 
partial rotation of the unsaturated quinonoid group has a character- 
istic period in the visible spectrum, and therefore dominates com- 
pletely the rotatory power of the molecule in the restricted region 
within which the compound is transparent, whilst (ii) the high- 
frequency partial rotation (which we attribute to the direct influence 
of the two asymmetric carbon atoms) is almost cancelled out by 
the growing symmetry of the molecule, since each asymmetric 
carbon atom is now adjacent to a CO group, and the only element 
of dissymmetry which remains is due to a contrast between hydrogen 
and methyl, so that apocamphorquinone (unlike apocamphor) 
would be optically inactive. In the case of the z-sulphonic deriv- 
atives these two asymmetric carbon atoms, which are already 
partly compensated in camphor itself, have been still more closely 
compensated by the introduction of symmetrically-placed sulphonic 
groups in the median plane between them, and therefore contribute 
only a negligible partial rotation to the total rotatory power of 
the molecule. In both cases, then, the disappearance of the high- 
frequency term can be associated with the approximate symmetry 
of the molecule about the median plane, just as in the case of 


camphoric anhydride, CATE RO Pa) the specific rotatory power 


of which is less than 1° (Lowry, J., 1903, 83, 968). 

(b) Induced Asymmetry in the x-Derivatives of Camphor.—The 
increased magnitude of the low-frequency partial rotations, which 
is such a striking property of the z-derivatives, can be accounted 
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for by noticing the increased difference between the groups on either 
side of the vertical plane in formula II, since it is this difference 
alone which makes it possible to attribute an “ induced asymmetry ”’ 
to the ketonic group. A much more striking anomaly is, how- 
ever, to be found in the fact that the reversal of sign of the >CHBr 
group in the «- and «’-derivatives, which has an enormous effect 
on the rotatory power of camphor, produces an almost negligible 
change in the rotatory power of the z-derivatives. A clue to the 
explanation of this curious fact may be found in the suggestion, 
put forward more than 20 years ago, in order to explain the reactivity 
of the methyl group in z-sulphonation, namely, the possible 
“formation of a direct linkage between the ketonic carbon and 
a median methyl ”’ (Armstrong and Lowry, J., 1902, 84, 1473). A 


TABLE I: TABLE II. 


Rotations of Ammonium «-Bromo- Rotations of Ammonium «-Chloro- 
camphor-z-sulphonate in Water camphor-r-sulphonate in Water 


at 20°. at 20°. 
13-936 G. in 100 c.c. of solution. 20-440 G. in 100 c.c. of solution. 
Length of tube 6 dem. Length of tube 6 dem. 
[a] = 1-1959 x a. [a] = 0°81540 x a. 
[M] = 3-2816 x [a]. [M] = 2-8370 x [al. 
ere 22-015 tee 17-677 
“1 = 32 — 0-09668° “1 = 52 — 0-09946" 

Visual [a] obs. — [a] obs. — 
readings. [a]obs. [a] calc. [a] calc. [a] obs. [a] calc. [a] cale. 
Li 6708 + 62-49° + 62-32° +0-2° + 50-37° + 50-44° —0-07° 
Cd 6438. + 69-09 + 69-27 —0-2 + 56:03 + 56-10 —0-07 
Zn 6362 + 71-28 + 71-46 —0-2 + 57-89 + 57-89 + 
Na 5893 + 88:00 + 87-91 -+0-1 + 71-32 + 71-38 —0-06 
Cu 5782 + 92-51 + 92:64 —0O1 + 75:25 + 75-26 —0-01 
Hg 5780 + 92-84 + 92-73 +01 + 75:34 + 75-34 + 
Cu 5700 + 96:45 + 96-45 + + 78:39 + 78:40 —0-01 
Hg 5461 +109:-40 +109-25 +0-2 -+ 88:97 + 88:95 +0-02 
Cu 5218 +125:35 +125-37 ae +102-32 +102-28 +0-04 
Cu 5153 +130-40 + 130-37 + +106-53 +106-42 +0-11 
Cu 5105 +134:35 +134:26 +0-1 -+109-60 +109:65 —0-05 
Cd 5086 -+135:93 +135-92 = +111:10 +111:04 +0-06 
Zn 4811 +163-37 +163-41 |. +133-:96 +133-96 + 
Cd 4800 +164:67 + 164-66 + +134:90 +135-01 —0-11 
Zn 4722 +174:-43 +174:31 +0-1 +142-:94 +143-10 —0-16 
Zn 4680 +179-82 +179:93 —0O-1 +147:77 +147:83 —0-06 
Cd 4678 -+180:29 +180-21 -+0-1 +148-06 +148-06 + 
Hg 43858 +236:10 +236-06 -- +194-70 +195-35 —0-65 


Photographic readings. 

Fe 43806 +2481 +248-2 —-]1 
4258 +260:0 ++260-1 —0-1 4277 +211:0 +211°8 
4213 +272:0 +272-4 —0-4 4239 +219:2 +220-3 
4172 +283:9 +2845 —0-6 4204 +227°3 +228:7 

0-5 
0-1 
0-3 


Fe 4315 +202-9 +203-8 


| 


4185 +295:9 +2964 —0- 4171 +235:5 +2387-3 
4150 +243:6 +242-9 
4055 +268:1 +2665:9 


4068 +319-§ +319:9 —0- 
4010 +3843-7 +8434 +40: 


Spee ee 
eS 
> ~ZGoK Ki do S 
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TABLE III. TABLE IV. 


Rotations of «-Bromocamphor- Rotations of «-Bromocamphor-rx- 
x -sulphonethylchloroamide in  sulphondichloroamide in Chloro- 


Chloroform at 20°. form at 20°. 
14-287 G. in 100 e.c. of solution. 10-8716 G. in 100 e.c. of solution. 
Length of tube 2 dem. Length of tube 2 dem. 
[a] = 3°4997 x a. [a] = 4:5992 x a. 
[M] = 3-7264 x [a]. [M] = 33-7905 x [a]. 
25-889 23-897 
[2] = <3 —9-09969" [a] = 53—0-10719" 
Visual [a] obs. — [a] obs. — 
readings. [a] obs. [a] cale. [a]cale. [a] obs. [a] cale. [a] calc. 
Li 6708 + 73-9° + 73-99 + + 69-7° + 69-7° + 


Cd 6438 + 82:3 + 82-2 +0-1° + 78-1 + 77:8 +(0-2° 


Jn 6362 -+ 849 + 84-9 if + 30-9 430-3. 40-6 
Bernsos) ¥- 104-9") 104-6 © 08 - SH to90 (4990-6 |) 6-6 
meeen7s2) 910-2" 110-3 =—«- 40-1 1068. 108-2 © “488-8 
He 5780 +1105 +1105 Ls +1051 +1053 —0-2 
mec 5700 +1144 +1149 —05  +109-7. +1093 —0O-1 
Hg 5461 +1304 +130-4 op TOR) Me ORT MPEG. T 
Me Cu 6218 +1500 +150-0 ue 4 T4630 144-7) 0-6 
Ca 5153 +1560 +1561 ei RETRY) Ve 150-9 Uh eo aeOsS 
mCu 6105 +1606 +1608 —0-2 +155-8 -155-7 -++0-1 
Cd 5086 -+162-8 +162-8 as S586, Mihi 7-90 740-3 
> Zn 4811 4196-7 4196-5 +02 41924 +1924 att 
mee Cd 4800 +1969 +1980  —1l1 +1945 +1940 +0°5 
mee Zn 4722 4210-5 942100 3405 4205-7 4206-4 —0-7 
Zn 4680 a aaa vee cy Ber en ek er ae 
mer Cd 4678 4217-3. +217-3 + 4315-0 +2140 +1-0 
) Hg 4358 +2865 +2868 0-3 +4286-0 +2883 —28 


TABLE V. 


Rotations of Camphor-B-sulphonic Acid in Water at 20°. 
28-636 G. in 100 c.c. of solution. Length of tube 6 dem. 
[a] = 0-58202 x a. [M] = 23222 x [a]. 
22-17 18-32 


eslive Az — 0:08515 a? — 0-04945" 
Photo- 
Visual [a] [a]obs.— graphic [a] [a]obs.— 


} readings. [a]obs. calc. [a]ecale. readings. [a]obs. calc. [a] calc. 
— Li 6707-85 +15-05° 15-03° +0-:02° Fe 4299 + 87:06° 87-11° —0-05° 


Be Cd 6438-47 +17:13 17-11 +0-02 4246 + 92-88 93:02 —0-14 
I Zn 6362-35 -+17-81 17:80 +0-01 4192 + 98:70 99:69 —0-99 
Na 5892-95 423-11 23-11 + 4155 +104-52 104-69 —0-17 

A Cu 5782-16 +2468 24:66 -+0-02 4114 +4110-34 110-69 —0-35 
Hg 5780-13 +2468 2469 —0-01 4078 +-116:16 116-42 —0-26 

Cu 5700-25 +25-:93 25:96 —0-03 -4041 +121-98 122-69 —0-71 

Hg 5460-74 +30-44 30-41 +0-03 4014 +-127-80 127:77 +0-03 

Cu 5218-70 +36-35 36-41 -+0-06 3982 +133-62 134:09 —0-47 

Cu 5153-25 +38-20 38:12 —0-08 3969 +136-8 136-79 +0-01 


Cu 5105-54 +39-57 39-57 + 

Cd 5085-82 +40-25 40-21 +0-04 

Zn 4810-54 +51:07 50:90 +0-17 

Cd 4799-92 +51-:61 51:39 +0-22 

Zn 4722-16 +55-46 55-33 +0-13 

Zn 4680-14 +57-65 57-60 +0-05 

Cd 4678-16 +57-:84 57-68 -+0-16 

Hg 4358-34 +81:24 81:15 +0-09 \ 


Pat a 
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TABLE VI. TABLE VII. 


Rotations of Potassiwm «-Chloro- Rotations of Potassium «-Bromo- 
camphor-8-sulphonate in Water camphor-8-sulphonate in Water 
at 20°. at 20°. 


12-386 G. in 100 c.c. of solution. 16-206 G. in 100 e.c. of solution. 
Length of tube 6 dem. Length of tube 6 dem. 
[a] = 1-3456 x a. [a] = 1-0284 x a. 
[M] = 3-:0476 x [a]. [M] = 3-4922 x [a]. 


Ves 12-060 5-1354 rae 18:78 5-569 

La] = 53 — 9.09768 Cy a] ="? — ORL 
Visual [a] obs. — [a] obs. — 
readings. [a]obs. [a] cale. [a] calc. [a] obs. [a] cale. [a] calc. 

Li 6707:85 + 45-75° + 45-65° +0-10° — waa — 

Cd 6438:47 + 50-42 + 50-45 —0-03 + 72-26° + 72:36° —0-10° 

Zn 6362:35 + 51:95 + 51-95 ae + 74:43 + 74-43 + 

Na 5892:95 + 63:03 + 63-16 —0-13 + 90:60 + 90-61 —0-01 

Cu 5782°:16 + 66-28 + 66:32 —0-04 + 94:25 + 94-20 +0-05 

Hg 5780-13 + 66:42 + 66-38 +0-04 + 95:38 + 95:30 +0-08 

Cu 5700-25 + 68:94 + 68-88 -+0-06 + 99:05 + 98-90 +015 

Hg 5460-74 + 77:43 + 177-37 +0-06 +111-32 +111-20 +0-12 

Cu 5218-70 + 87:97 + 87:93 +0-04 +126-26 +126:50 —0-24 

Cu 5153-25 + 91-21 + 91:18 +0-03 +130-16 +131-:16 —1-00 

Cu 5105:54 + 93-72 + 93-71 +0-01 +134:40 +134-:85 —0-45 

Cd 5085-82 + 94-76 + 94:77 —0-01 +136-38 +136-:10 +0-28 

Zn 4810-54 +112:78 +112:37 +0-41 +161-84 +161-93 —0-09 

Cd 4799-92 +113:45 +113-15 +0-30 +162:99 +163-:07 —0-08 

Zn 4722-16 +119:55 +119-35 +0-20 +171:95 +171:92 +0-03 

Zn 4680-14 +-123-23 +122-72 +0-51 ee aa —— 

Cd 4678-16 +123-43 +122-99 +0-44 +177-24 +177:31 —0-07 

Hg 4358-34 4-158-24 +157-74 +0-50 +227-35 +227-46 —0-11 

Photographic 

readings. 

Fe 4859 +158-24 +157:65 +0:59 Fe 4306 +237-64 +2388:14 —0-50 
4268 +171:70 +170:95 +0-75 4260 +247-92 +248-:29 —0-37 
4185 +185:15 +185:01 +0-14 4176 + 268-49 +269-25 —0-76 
4113 +198:61 +199-05 —0-44 4101 +289:06 +290-29 —0-23 
4056 +212:07 +211:91 +0-16 4071 +-299-34 +299-75 —0-41 
38952 +238:98 +239:02 —0-04* 4041 +309:63 +309:74 —0-11+ 


* Deviation from simple formula [a] = 16-699/(a2 — 0-08335), obs. — eale. 
= + 10-0°. 

¢ Deviation from simple formula [a] = 23-891/(a2 — 0-08379), obs. — calc. 
sete Ls 


Note.—The dispersion formule for these two compounds, which have been 
calculated by Mr. G. Owen, M.Sc., contain two partial rotations of similar 
sign, and therefore provide two more examples of the type of complex 
rotatory dispersion which has been described as ‘“‘ impossible to detect in 
practice ’? (compare footnote, this vol., p. 1262). The deviations from the 
simple formule (calculated to fit the red and blue zinc lines) are, however, 
already substantial even in the intermediate green region of the spectrum, 
and increase to about 2° in the case of the mercury violet line, and to about 
10° at the extreme end of the visible spectrum; they are therefore far too 
obvious to be overlooked. This type of rotatory dispersion, although quite 
easy to detect in this series of compounds, is not common, since the induced 
asymmetry of the ketonic group is always opposite in sign to the fixed 
asymmetry of the camphor nucleus, except when the sign of the latter has 
been reversed by the creation of a new positive partial rotation as a result of 
introducing a substituent in the a-position. 
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Tape VIII. 
Rotations of Camphor-8-sulphonanhydramide in Acetone at 20°. 


4-941 G. in 100 c.c. of solution. Length of tube 6 dem. 
[a] = 3:3731 xX a. [M] = 2-1322 x [a]. [a] = — 10-696 /A2. 

Visual [a]obs.— Visual [a] obs. — 
readings. [a]obs. [a] calc. [a] calc. readings. [a] obs. [a] calc. [a] calc. 
Li 6708 —23-5° —23-8° +0-3° Cu 5105 —41-0° —4l1-0° +- 

Cd 64388 —25:7 —25:8 +01 Cd 5086 —41:5 —414 —0O-1° 
Zn 6362 —26-4 —26-4 + Zn 4811 —46:2 —46-2 + 
Na 5893 —30-9 —30:8 —0Ol Zn 4722 —476 —48:0 +0:4 
Cu 5782 —31:9 —32:0 +01 Cd 4678 —49:2 —48-9 —0-3 
Hg 5780 —32-1 —32:0 —0Ol Hg 4358 —56-1 —56:3 +0:2 
2 


Cu 5700 —33:1 —32:9 —0O-: Photographic 

Hg 5461 —35:9 —35:9 + readings. 

Cu 56218 —39:3 —39-3 + Fe 4299 —857-8 —d57-9 +0-1 
Cu 5153 —40-6 —40:3 —0:3 4220 —59-4 —60-1 +0-6 


formula was then given which shows the formation of a new ring 
by the transference of a hydrogen atom from the z-methyl group 
to the ketonic oxygen; but it would be more in accord with our 
present views to postulate only a co-ordination of the reactive 
x-hydrogen atom with the ketonic oxygen. This co-ordination 
would have the advantage of enabling us to attribute the induced 
asymmetry of the ketonic group to a more concrete influence than 


_ that of a mere unsymmetrical field of force. It would, moreover, 


permit of a very simple explanation of the fact that the partial 
rotation of the ketonic group is always positive in sign, and is not 
even altered substantially in magnitude when the specific rotation 
of the molecule is shifted through several hundred degrees by 
reversing the sign of the >CHBr radical which is immediately 
adjacent to the ketonic group. In the z-derivatives this particular 
type of co-ordination is prevented by the elimination of the 
z-hydrogen atom; the two adjacent groups are therefore free to 
adjust themselves in such a way that a reversal of the fixed asym- 
metry of the saturated >CHBr group at once produces a com- 
pensating change in the induced asymmetry of the unsaturated 
>C=O group, whereby the balance of the molecule as expressed 
by its optical rotatory power is preserved almost unchanged. 


5. Summary. 


(a) The rotatory dispersion and absorption spectra of a series of 
8- and z-sulphonic derivatives of camphor have been determined. 
As in previous cases, there is a discrepancy of nearly 100 AW 
between the characteristic frequencies deduced from the two series 
of observations. 

(6) The rotatory dispersion of several of the z-derivatives can 
be expressed by one term of Drude’s equation, the high-frequency 
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partial rotation being negligible in comparison with the magnitude 
of the low-frequency term, just as in the case of camphorquinone. 

(c) The @-derivatives all exhibit complex dispersion, but the 
anhydramide nearly obeys Biot’s law, since the low-frequency 
partial rotation and the band of selective absorption both disappear 
as a sequel to the elimination of the ketonic oxygen. 


We are indebted to the Department of Scientific and Industrial © 


Research for a maintenance grant to one of us (H.M.R.) during 
the period in which this research was carried out. We are also 
indebted to Prof. Pope and Mr. F. G. Mann for the loan of some of 
the compounds examined. _ ! 
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CCII.— Sulphur Sesquioxide. 
By IsrarL Vocet and James Rippick PaRTINGTON. 


From the reaction between sulphur and sulphur trioxide Vogel 
(J. Chem. Phys., 1812, 4, 121) isolated a deep blue liquid, a bluish- 
green solid, and a brown liquid, all of which were,considered to be 
definite compounds of sulpiiic anhydride and sulphur. Similar 
results were obtained by S@fweigger (zbid., 1815, 13, 484). Wach 
(zbid., 1827, 50, 1) endeavoured to determine the composition of 
the blue, green, and brown substances and found that the amount 
of sulphur combined with a definite quantity of sulphur trioxide 
increased in the order named. Fischer (Ann. Phys. Chem., 1829, 
16, 119) and Rose (ibid., 1834, 32, 98) considered that the blue 
liquid contained a definite compound, whilst Berzelius (“Traité de 
Chimie,’’ 1845, Tome I, p. 459) maintained that no new oxide of 
sulphur was present, and Stein (J. pr. Chem., 1873, 6, 172) ascribed 
the colour of the solution to the presence of finely divided sulphur. 
Weber (Ann. Phys. Chem., 1875, 156, 531) found the sulphur con- 
tent of the bluish-green solid to correspond with 8,0,. No further 
work appears to have been done, and the current view seems to be 
that the supposed sulphur sesquioxide is a “‘ colloidal solution ”’ 
(compare Hofmann, ‘“ Anorganische Chemie,’ 1920, p. 166; 
Ephraim, “‘ Anorganische Chemie,’ 1922, p. 437). The present 
research was accordingly undertaken with the object of definitely 
deciding between these two theories and of studying the properties 
of the substance if it were proved to be a chemical compound. 

The starting materials of previous investigators were far from pure, 
and this was probably the cause of the different results obtained. 


—__ Oo 
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Purification of Sulphur—The purest commercial precipitated 
sulphur was distilled in a Pyrex retort in a current of pure carbon 
dioxide, the distillate being collected and allowed to solidify in a 
_ Jena glass flask; the first and last fractions were neglected. The 
distillate was melted and the liquid poured on to watch-glasses of 
Jena glass, the melting and cooling being conducted in an atmo- 
sphere of dry carbon dioxide. When the sulphur had almost com- 
pletely resolidified, it was cut up into small pieces and the above 
process repeated three times, considerable head and tail fractions 
_ being discarded in each distillation. After the first distillation, the 
_ sulphur did not darken appreciably but melted to a clear and mobile 
liquid which, with rise of temperature, exhibited all the usual 
phenomena, but e not darken appreciably. ‘The purified sulphur 


Fie. 1. 


was finely powdered and preserved in a vacuum desiccator over 
phosphorus pentoxide until required. 
_ Preparation of Pure Sulphur Trioxide.—Although many types of 
_ apparatus have been devised and employed for the preparation of 
pure sulphur trioxide (compare Weber, Ann. Phys. Chem., 1876, 
_ 159, 313; Divers and Shimosé, Ber., 1883, 16, 1009; Schenk: 
- Annalen, 1901, 316, 1; Lichty, J. Uoner: Chem. Soc., 1908, 30, 1834 ; 
Beckmann, Z. anorg. horns 1912, 77, 90), none of these permit 
} of the preparation of large quantities of the anhydride in a com- 
_ paratively short time, nor do they allow of the convenient handling 
_ of the pure product. The apparatus shown in Fig. 1 was con- 
structed for the preparation of pure sulphuric anhydride from 
oleum. The apparatus was entirely of Durosil resistance glass. 
The three distilling flasks, A, B and C, and a reaction vessel D were 
_ connected by interchangeable ground joints. Stoppers were ground 
to fit the mouths of the flasks and reaction vessel and also both 
parts of the joints E, F and G so that any flask or flasks could be 
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removed from the remainder of the apparatus without access of 
moisture. A phosphorus pentoxide drying tube, I, was attached 
to the reaction vessel by means of the joint H. 

Kahlbaum’s pure 65% oleum (about 200 c.c.) was placed in A, 
B was immersed in a bath of ice-cold water, C surrounded by a 
freezing mixture of finely-ground ice, and the bath of concentrated 
sulphuric acid surrounding A was very carefully warmed. Sulphur 
trioxide distilled over and condensed in B, only a very small quantity 
finding its way to C. The sulphuric anhydride which passed over 
on gentle heating was the only portion collected. After distillation 
and some cooling, the flask A was detached at E and immediately 
replaced by a ground glass stopper. B was then placed in the sulph- 
uric acid bath, C surrounded by cold water, D immersed in a freezing 
mixture of ice and salt, and the bath surrounding B very gently 
warmed. Sulphur trioxide distilled into C, the distillation being 
stopped when about three-quarters of the contents of B had passed 
over: flask B was then removed and replaced by a ground glass 
stopper. Flasks B and A after cleaning and drying were then 
attached to the apparatus and the distillation was repeated in the 
-manner described. In this way, pure sulphur trioxide was obtained, 
two to three distillations usually being sufficient. It melted com- 
pletely at about 15° to a colourless liquid and crystallised on cooling 
in beautiful needles. 

To transfer the anhydride to the reaction vessel, the solid was 
melted and the flasks were rotated about the ground glass joints. 

Preparation and Analysis of Sulphur Sesquioxide-—A mode of 
procedure similar to that described by Weber (Ann. Chem. Phys., 
1875, 156, 531) was first employed. About 20c.c. of liquid sulphuric 
anhydride were placed in the reaction vessel and the latter was 
closed by a ground glass stopper at G. Sulphur was then added in 
small quantities by momentarily detaching the ground glass joint J, 

a fresh portion being added only after the previous quantity had 

entered into combination. The sulphur on coming in contact with 

the anhydride formed blue drops, most of which sank, but some 

became attached to the sides of the vessel near the surface of the ~ 
sulphur trioxide. In order to avoid formation of a cake of solid at 
the surface, the vessel must be shaken during the preparation, | 
when most of the substance sinks as soon as formed. If the sulphur ~ 
be added too rapidly, the temperature of the sulphuric anhydride — 
rises and the solid near the surface decomposes with the evolution © 
of sulphur dioxide. If, however, the vessel be shaken during the 
addition and care be taken that the temperature does not rise above © 
15°, very little decomposition occurs. After about 1 or 2 g. of - 
sulphur had been added, the excess of liquid sulphur trioxide, 


| 
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which should be colourless, was poured off and any still remaining 
removed by warming in a vacuum at 30—40°, two towers, contain- 
ing concentrated sulphuric acid on pumice and borax on glass wool 
respectively, being interposed before the pump. All the sulphuric 
anhydride could not be easily removed in this manner and it was 
necessary first to powder the bluish-green substance in an atmo- 
sphere of dry carbon dioxide and then to heat in a vacuum as 
described. Weber’s compound probably contained small quantities 
of occluded sulphur trioxide, since he attempted to remove the latter 


‘merely by warming to “ blood ” temperature. 


The substance thus obtained was a bluish-green solid, which 
soon decomposed at the ordinary temperature with the evolution 
of sulphur dioxide, sulphur remaining. Decomposition was acceler- 
ated by warming. The compound was very hygroscopic; if left 
exposed to the air, decomposition occurred and moist sulphur 
remained. If all the sulphuric anhydride had been removed, the 
substance was stable for several minutes at about 15°. In carrying 
out the analyses the weighings were performed as rapidly as possible. 

Weber’s method of analysis (Joc. cit.) was first repeated and con- 
firmed. Some of the substance was weighed out into a small glass- 
stoppered tube and, after removing the stopper, the tube was 
allowed to slide down the side of another but larger glass-stoppered 
vessel containing a mixture of concentrated and fuming nitric acids, 
great care being taken that the acid did not reach the contents of 
the small tube. The larger tube was then stoppered and com- 
pletely wrapped in a cloth, since explosions sometimes resulted. 
The vessel was inclined so that the acid came in contact with the 
substance ; a violent reaction ensued, and the stopper was held down. 
The whole was allowed to stand over-night. The contents of the 
tube were then diluted and the precipitated sulphur was collected 
on a weighed Gooch crucible. The sulphur in the filtrate was esti- 
mated, after the nitric acid had been boiled off, with barium chloride 


solution in the usual manner. The results are given in Table I. 


TABLE I. 
G. of substance. G. of precipitated S. G. of BaSO,-S. Total percentage oi 5. 
0-4272 0-1074 0-1365 57-09 
0-5870 0-1484 0-1876 57:24 
0-5106 0-1202 0-1722 57-27 


Calculated for 8,0, 57-19 


In another method of analysis the sulphur of the compound 
was oxidised to sulphuric acid in one operation by a mixture of 
fuming nitric acid and bromine, the operation being carried out 
in the manner described. Of some twenty-five analyses carried 
out by this method, four exploded. A few typical results are 
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recorded in Table IT: all the successful analyses were between the 
limits of 56-96 and 57-81% sulphur. 


TaBue II. 
G. of substance. G. of BaSO,. G. of 8. Total percentage of S. 
0:2103 0-8775 0-1206 57-32 
0-5105 2°1671 0-2977 57-31 
0:3030 1-2605 0-1732 * 67-15 
0-4900 2:0356 0-2797 57:08 
0-1696 0:7055 0:0969 57-15 


Calculated for 8,0, 57-19 


The results are in agreement with those found by the first method 
and with the value required by 8,03. It appears, therefore, that 
the substance has a constant chemical composition. 

The method of preparation of the compound given above is some- 
what laborious and cannot be used for the preparation of com- 
paratively large quantities. It was found that instead of adding 
the sulphur to the liquid sulphuric anhydride, one might add the 
latter to the former and obtain a similar result. About 1 g. of 
finely-powdered sulphur was placed in the reaction vessel and 
about 15 c.c. of liquid sulphur trioxide were added. No reaction 
appeared to take place at first, although the whole assumed a deep 
blue colour and became somewhat viscid. After approximately 
30 seconds, a violent reaction set in, so that it was found advisable 
to detach the phosphorus pentoxide tube from the reaction vessel, 
clouds of white fumes being evolved. After about 2 minutes the 
reaction subsided, the supernatant liquid sulphuric anhydride, which 
was coloured very pale blue, was poured off, and the residual 
sulphur trioxide removed from the resultant bluish-green solid in 
the manner already described. The bluish-green solid* thus 
obtained dissolved in oleum with the production of a deep blue 
solution, decomposed on exposure to air and on keeping with the 
evolution of sulphur dioxide, absorbed moisture from the air, and 
appeared to be identical with the substance prepared by the first 
method. Theanalysis by the fuming nitric acid and bromine method 
yielded the following results : 


TABLE III. 
G. of substance. G. of BaSQ,. G. of S. Total percentage of S. 
0-1994 0-8296 0-1140 57-16 
0:2316 0-9660 0-1327 57-30 
0-1778 0-7406 0-1017 57-22 


Calculated for 8,0, 57-19 


This method of preparation is simpler and more convenient than the 
first one, and the residual sulphuric anhydride from one preparation 


* On some occasions the solid was green. 


pe one in ia Say 
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may be employed again for the conversion of another quantity of 
sulphur into the sesquioxide. 

Owing to the great instability of the compound a number of 
experiments were performed with a view to render it more stable. 
It was found that the solid could be kept unchanged for several 
hours in a completely dry oxygen-free atmosphere at low pressures 
(less than 1 mm. of mercury). Cooling to liquid air temperatures 
had no appreciable effect. 

The empirical formula of the compound has been shown to be 
(S,05),, which for the sake of simplicity was taken as 8,0,. From 
this it would seem that the substance might be the anhydride of 
hyposulphurous acid, but it may be said at once that all attempts 
to convert it into either the acid or its simple derivatives failed, 
owing to the simultaneous side and consecutive reactions and the 
production of mixtures of complicated sulphuroxy-acids, the 
reactions and identification of which are described below. 

It was thought that the formula of the compound might be 
established by processes similar to those employed by Bernsthen 
(Annalen, 1881, 208, 142) for sodium hyposulphite, but it was found 
that substances are formed in solution which complicate the 
reactions and that no evidence as to the constitution of the substance 
can be obtained from these results. 

The molecular weight of the substance was not determined, since 
no solvent could be found with which the compound did not react. 
Purified phosphorus oxychloride, the only pure solvent for sulphuric 
anhydride at present known (compare Lichty, J. Amer. Chem. 
Soc., 1912, 34, 1441), caused complete decomposition of the sulphur 
sesquioxide. 

Owing to the extremely reactive and unstable nature of the sub- 
stance, all attempts to deduce its constitution by methods usually 
applicable to acid anhydrides were unsuccessful. Nevertheless, 
the results obtained could be completely reconciled with the formula 
8,0, for the original compound. 

Properties of Sulphur Sesquioxide.—Sulphur sesquioxide dissolves 
in oleum with the formatiori of a deep blue solution identical with 
that produced by the addition of sulphur. A solution of indigo in 
concentrated sulphuric acid or of indigo-carmine in water is partially 
decolorised ; in no case could complete decoloration be effected even 
by the addition of comparatively large quantities of the substance. 
A similar reaction takes place with strongly ammoniacal copper 
sulphate solution, the decoloration being only partial. 

With anhydrous ether a violent reaction takes place, the com- 


: pound decomposing with the separation of sulphur and the pro- 
_ duction of a yellow solution; on decanting the clear, evil-smelling 
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liquid and distilling off the ether, a very small quantity of a yellow 
oil remained. The amount, however, was too small for analysis 
and qualitative tests pointed to the presence of sulphur. 

A similar reaction takes place with absolute (100%) ethyl alcohol. 
Here a very small quantity of a pale yellow liquid was obtained 
after removal of the separated sulphur by filtration and the alcohol 
by distillation. The amount was too small for analysis, but quali- 
tative tests indicated the presence of sulphur. | 

Sulphur sesquioxide when allowed to come into contact with 
water decomposes, a pale yellow solution (compare hyposulphurous 
acid) being momentarily formed, the decomposition being accom- 
panied by a loud hissing noise and the simultaneous formation of a 
milky solution due to the separation of sulphur. If a relatively 
large quantity of the sesquioxide be employed, yellow sulphur 
separates, which when freshly formed is somewhat plastic, but soon 
becomes brittle. The filtered solution contained sulphuric acid 
and trithionic acid, together with small quantities of penta- and 
possibly tetra-thionic acids, as detected by the reactions with 
mercurous nitrate, cupric sulphate, mercuric chloride, and ammoni- 
acal silver nitrate solutions, respectively (compare Takamatsu and 
Smith, J., 1880, 37, 592; Debus, J., 1888, 53, 278; Riesenfeld and 
Feld, Z. anorg. Chem., 1921, 119, 225; Forster and Hornig, cbid., 
1922, 125, 86), whilst the presence of sulphurous acid was indicated 
by the coloration with ferric chloride solution. The yellow color-— 
ation with ferric chloride solution is not, however, exclusive to 
sulphurous acid (compare Debus, loc. cit.), but is also produced 
by sulphoxylic acid and its salts (vide infra), hence both these 
substances may have been present. ‘That the yellow coloration 
is due to a substance other than sulphurous acid is probable, since 
after removing the latter by the passage of a current of air through 
the solution for several hours, the residual liquid gave a yellow 
coloration with ferric chloride. The complete removal of sulphur 
dioxide was detected by inserting two flasks, the first containing a 
known volume of standard iodine solution and the second a known 
volume of standard thiosulphate solution, before the pump, and 
titrating: the total quantity of iodine remained unaltered when 
the process was complete. The quantities of tetra- and penta- 
thionic acids increased with time, as was shown by the yellow 
opalescence produced on the addition of the first few drops of 
mercurous nitrate solution. No qualitative tests are at present 
known by which small quantities of tetrathionic acid or its salts 
may be detected in the presence of pentathionic acid or its salts, 
hence the conclusion as to the presence of tetrathionic acid in the 
solution is somewhat doubtful. 
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The initial reaction with water may consist in the decomposition 
of the sulphur sesquioxide into monoxide and dioxide : 


Some of the monoxide polymerises, the polymeride in the presence 
of water forming pentathionic acid : 


580 + H,0 = H,S,0, 


(compare Debus, loc. cit.; Riesenfeld and Feld, loc. cit.), whilst 
another portion reacts with water to produce sulphoxylic acid : 


SO + H,O = H,SO,. 


The chief reaction, however, consists in the formation of trithionic 
acid; two modes of interaction are possible, the first being between 
water, sulphur sesquioxide and sulphur dioxide : 


SSO. EO tS. Oe: 


and the second between sulphur monoxide, sulphur dioxide and 
water : 


SO + 280, + H,O = H,8,0,. 


The latter reaction probably take place to the greater extent. If 
the solution be kept for some time, the trithionic acid gradually 
combines with nascent sulphur with the production of tetra- and 
penta-thionic acids : 

H,8,0, + S.= H,S,0,; 

H,8,0, + S = H,S,0,; 

H,S,0, + 2S = H,S,Og. 


The last reaction to be studied was that with an anhydrous 
alcoholic solution of sodium ethoxide, prepared by adding sodium 
to absolute ethyl alcohol in a Jena flask fitted with a reflux con- 
denser and phosphorus pentoxide drying tube. On addition of 
sulphur sesquioxide, an extremely vigorous reaction took place, 
small quantities of a yellow, crystalline solid separating out and the 
whole liquid assuming a yellowish-brown colour. The product of 
the reaction had a very strong and unpleasant odour somewhat 
resembling that of garlic and affecting the voice if the vapour was 
inhaled for any length of time. On adding sulphuric acid imme- 
diately after the reaction a white solid was precipitated, which was 
separated by adding absolute alcohol, filtermg, and drying over 
phosphorus pentoxide. The solid was fairly soluble in water, neither 
the solution nor the solid decolorising indigo or ammoniacal cupric 
sulphate solutions. Qualitative tests indicated the presence of 
sulphur and sodium. The sodium was determined as sulphate, 
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whilst the sulphur was estimated by fusion with a mixture of sodium 
peroxide and sodium carbonate (Treadwell-Hall, ‘“ Quantitative 
Analysis,’’ 1919, p. 849) and in a second process by oxidation with 
a mixture of fuming nitric acid and bromine, as detailed above. 
The latter method is much more convenient than the first. The 
results of the analyses agreed fairly well with those required by 
sodium ethyl sulphoxylate (Found: Na, 20-10, 20-06; 8S, 27-80, 
27-85. NaEtSO, requires Na, 19-81; S, 27-61%). 

Unless extreme precautions are taken to prevent the access of 
moisture, and unless the substance is isolated immediately after 
the reaction, the resulting solid consists of a mixture of sodium 
ethyl sulphoxylate and its hydrolysis product. The completely 
hydrolysed product was isolated from the solution by allowing it to 
stand over-night and then gradually acidifying with dilute sulphuric 
acid; a yellow precipitate separated which became white as soon as 
the whole solution was acid. The precipitate was immediately 
filtered with the aid of the pump, washed with absolute alcohol, 
and dried over phosphorus pentoxide for a week. A perfectly white, 
crystalline solid was obtained which remained unchanged when 
heated at 110° for 2 hours. The sulphur content was determined 
by the fuming nitric acid and bromine method; in the estimation 
of sodium the substance was first decomposed with a boiling mixture 
of fuming nitric acid and bromine, evaporated to small bulk, diluted 
with water, and transferred to a weighed platinum dish, the 
estimation for sodium as sulphate being continued in the usual 
manner (Found: Na,40-24, 41-08, 41-04; S, 29-16, 29-20, 29-14. 
Na,SO, requires Na, 41-80; S, 29-13%). 

Sodium sulphoxylate is moderately soluble in cold and more 
soluble in hot water and sparingly soluble in alcohol. It is practic- 
ally unattacked by boiling concentrated hydrochloric and sulphuric 
acids, but is attacked by a hot mixture of fuming nitric acid and 
bromine. The aqueous solution gives a yellow coloration with 
ferric chloride solution. On exposure to air, the white solid assumes 
a yellowish-brown colour. 

The filtrate from the preparation of sodium sulphoxylate, which 
still possessed a strong unpleasant odour, was found to contain 
salts of trithionic, sulphoxylic, and sulphuric acids, and also small 
quantities of penta- and possibly tetra-thionic acids. The product 
of the reaction between sulphur sesquioxide and sodium ethoxide 
has a strongly alkaline reaction and under these conditions it would 
be expected that any tetra- and penta-thionates formed would 
decompose with the formation of sulphites and thiosulphates, but — 
the absence of the latter clearly proved that very little, if any, of 
these substances had been produced in the initial reaction. 
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The reactions which take place may be represented as follows : 


(il) 8,0, = SO + SO,. 
(2)  SO-+ NaOEt = NaEtSo,,. 
(3)  NaEtSO, + NaOH = Na,SO, + EtOH. 


Some of the sulphur monoxide or sesquioxide may react thus : 


(4) SO + 280, + NaOEt = NaEtS,O, or 
(4a) 8,0, + SO, + NaOEt = Nakt8S,0,. 
(5) NaktS,0O, + NaOH = Na,S,0, + EtOH. 


The very small quantity of pentathionate present may be formed by 
the polymerisation of the sulphur monoxide : 


(6) 5SO + NaOEt = NaktS,O,. 
(7)  NaEtS;O, + NaOH = Na,S,0, + EtOH 


- or more probably by the decomposition of the trithionate : 
(6a) 5Na,.S,0, = Na,S;0, + Na,.S,0, + 3Na.SO, + 350, 


(compare Debus, loc. cit.). The unpleasant odour of the solution 
may be due to the sodium ethyl salts present. 

Attempt to isolate Sulphur Monoxide, SO0.—Divers and Shimosé 
(Ber., 1883, 16, 1009) showed that the analogous tellurium com- 
pound, tellurium sulphoxide, STeO,, decomposes when gradually 
heated in a vacuum to 235° with the production of tellurium 
monoxide; STeO, = TeO + SO,, as confirmed by J. J. Doolan and 
one of us (J., 1924, 125, 1403). It was possible that a similar 
reaction might take place with sulphur sesquioxide, although it was 
expected that the resulting sulphur monoxide would, if formed, be 
very much less stable. Sulphur sesquioxide was placed in a small 
_ dena flask, and the latter exhausted to a ‘pressure below 1 mm. of 
mercury. The flask was then gradually heated in a metal bath. As 
the temperature rose, the bluish-green solid slowly changed colour 
and signs of appreciable decomposition were apparent at about 
70° : decomposition was complete at 95°. On further heating, the 
residue melted to an amber-coloured liquid which exhibited all 
the properties of sulphur. 

It is possible that by employing a slower rate of heating in a 
very high vacuum from which all traces of moisture and oxygen 
have been excluded, sulphur monoxide might be isolated. 

The ‘‘ Colloidal Solution ’’ Theory.—Although in the light of the 
experiments described in this paper there is little doubt that the 
bluish-green solid obtained by the interaction of sulphur and liquid 
sulphur trioxide is a definite chemical compound and not a “ colloidal 
solution,” it was considered advisable to obtain further evidence 
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against the latter view. Stress must be laid on the fact that 
pure sulphur is insoluble in pure sulphuric anhydride, although 
combination occurs with the formation of sulphur sesquioxide, 
which is also practically insoluble. It is only in the presence of 
small quantities of water that the substance dissolves to a blue 
solution. 

Liquid sulphuric anhydride was added to sulphur contained in a 


glass tube, no precautions being taken to exclude moisture. After -| 


the violent reaction was over, the blue solution was poured off. 
An intense beam of light from a lantern was passed through 
the solution, but no Tyndall cone was visible. 

If concentrated sulphuric acid be added gradually to the blue 
solution, and the latter examined after each addition for a Tyndall 
cone, it will be found that at a certain point corresponding to the 
green and brown solutions a marked Tyndall cone is visible, indicat- 
ing that a substance (sulphur) of ultramicroscopic dimensions has 
separated. Further addition of sulphuric acid results in the separ- 
ation of sulphur in a form visible to the naked eye. 

Some of the blue liquid was carefully poured into water, and the 
resultant solution filtered from. the precipitated sulphur. The 
filtrate contained trithionic acid (the main constituent), penta- and 
possibly tetra-thionic acids, sulphurous, sulphoxylic and sulphuric 
acids. If the deep blue solution be poured into a concentrated 
solution of potassium acetate, large quantities of potassium trithion- 
ate and little, if any, potassium tetra- and penta-thionates are 
present in the solution. It appears, therefore, that the tetra- and 
penta-thionates are produced from trithionates and nascent sulphur. 
Similar results are obtained with the green and brown solutions. 
One can accordingly conclude that the blue liquid is a molecular 
solution of sulphur sesquioxide in oleum, whilst the other coloured 
liquids produced by the dissolution of sulphur in fuming sulphuric 
acid of certain strengths are mixtures of colloidal solutions of sulphur 
and molecular solutions of sulphur sesquioxide. 


In conclusion, the authors express their indebtedness to the 
Chemical Society for a grant which has partly defrayed the expenses 
incurred in the research. 
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CCIII.—The Parachor and Chemical Constitution. 
Part I. Polar and Non-polar Valencies in 
Unsaturated Compounds. 


By SamveL SuepEn, Joun Brent Reep, and Henry Wixk1s. 


(1) Double Bonds and the Parachor. 


_A new method of comparing molecular volumes by the use of a 
constant termed the “parachor ” has been suggested by one of us 
_ (Sugden, J., 1924, 125, 1177), who showed that this quantity is an 
additive function of certain atomic and structural constants by 
“means of which the experimental values for a large number of 
_ organic compounds can be predicted with considerable accuracy. 
_ Amongst the structural constants there evaluated is the effect 
_ of a double bond, which was found to add 23-2 units to the molecular 
parachor. Some of the data for this type of linking are given in 
Table I, The values of [P] obs. given in the fourth column are 
calculated from observations by the investigators indicated by 
‘initials in the third column; full references are tabulated on p. 1535. 
The fifth column, headed =[P], gives the sum of the atomic con- 
‘stants, and by subtracting this from the observed parachor the 
constant for the double bond in the last column is obtained. 


TABLE I. 
Parachor of non-polar double bonds. 

Double 

* Substance. Formula, Observer. [P] obs. 3[P]. bond. 
Mbyte: vil c..ccec.. CgHy M.& W. 99:5 78:0 21-5 
_ Propylene Sider dei) Guay 4 139-9 117-0 22:9 
Amylene C.H4 Sch. 218-2 195-0 23-2 
EES ER on 338 = Be ui 248-2 199-8 2 x 24-2 
BOUTIN 5 .4..5....+.00es0n005... CHO M.&O. 160-9 137-0 23-9 
“Methyl ethyl ketone ...... C,H,O & 198-2 176-0 22-2 
Diethyl ketone............... C;H,,0 Wi 236-2 215-0 21-2 
Methyl propyl ketone a M.&8. 238-0 23-0 
Dipropyl ketone ............ C,H,,O M.&K. 3141 293-0 21+] 
‘Methyl hexyl ketone...... C,H,.O M.&O. 355-7 332-0 23:7 


his type of double linking has been found in a large number of 
anic compounds and gives an average increase of 23-2 units in 
I (molecular parachor. The same value is found for double bonds 
tyeen carbon and carbon, carbon and oxygen, carbon and sulphur, 
and nitrogen and oxygen atoms. 

We have recently investigated a number of compounds of nitrogen, 
phorphorus, and sulphur, and have found several anomalous cases 
im which the presence of a double bond appears to have little or no 
effect on the parachor. The nitrogen compounds will be discussed 
_ VoL. CXXVII. 3G 
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later; data for nine compounds of phosphorus and sulphur which 
show this anomaly are collected in Table IT. 

The atomic parachors for phosphorus and sulphur used in this 
table are P = 37-7, and S = 48-2; data on which they are based 
are presented on p. 1533. These values are consistent with those 
found for neighbouring elements in the periodic table 


C. N. O. F. Si. Ps o Cl. 
4-8 12-5 20-0 25:7 12-0 37°7 48-2 54:3 


and indicate a periodic variation of atomic parachors with increasing 
atomic number similar to the well-known property of atomic 
volume.* 

The data presented in Tables I and II provide definite experi- 
mental evidence of the existence of two kinds of double bond, one, 
common in carbon compounds, but found also in compounds of 
other elements, which causes an increase in the parachor of 23-2 
units, and another, present in derivatives of the oxyacids of sulphur 
and phosphorus, which lowers the molecular parachor by 1-6 units. 


TABLE IT. 
Parachor of semipolar double bonds. 
Double 
Substance. Formula. Observer. [P] obs. 3[P]. bond. 
Phosphorus oxychloride Cl,P==>O S.R.& W. 217-6 220-6 — 3-0 
R. & 8. 21776 — 3-0 
Triethyl phosphate ...... (EtO),P=O 8. R. & W. 399-1 403-0 — 3-9 
Tripheny] phosphate .... (PhO),P =O Ep 686:5 687-7. — 1-2 
Thionyl chloride .......... Cl,&S==O is 174-5 176:8 — 2-3 
R.&S. (1725) ,, (— 4:3) 
2 : . 
Sulphuryl chloride ...... 1st S.R. & W. 193-3 196-8 — 1-65x2 
No R.&S. (187-0) y, (49 2) 
EtO \ ; i 
Diethyl sulphite ......... cere, W.&S8. 299-7 298-4 + 1:3) 
EtO: 
EtO O 
Ethyl ethanesulphonate 8 Ny, 295-8 * 4,5 18 & 2 
Et” No : ; 
MeO O 
Dimethyl] sulphate ...... << S.R.& W. 238-9 240:4 —0-75x2 
Meo” Bs O ] 
EtO O Lore | 
Diethyl sulphate ......... s< os 313-8 318:4 —2:3x2° | 
) Eto” \o 


Mean — 1:6 


* The variation of the parachor with atomic number will be diserssed 
more fully in a subsequent paper. : 
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(2) Hlectron Valency Theories. 


The compounds discussed in Table II belong without exception 
to the class in which the octet valency theories of Lewis (J. Amer. 
Chem. Soc., 1916, 38, 762) and Langmuir (ibid., 1919, 41, 868, 1543; 
1920, 42, 274) lead to a modification of the usual structural formule. 
The electronic formule for phosphoric, sulphurous, and sulphuric 
acids are indicated in formule II; if a valency bond is written for 
each pair of shared electrons, then formule III are obtained which 


H 
HO ivba bios HO HO HO th 
HO >P=0 Oe HO >P—0 HO >P=0 HO >P—-0 
HO H:0:P:0:H 
‘0: 
Ss wade. » ys= » 
HO Ong 0 HO HO 
RR oe, : 
\g¥ ACE Dk rr ich <0) HO. 70 HO 
HO” “cl H:0:8:0:H \g4 Near 
tee Ho” \o mare So #0” SO 
(I.) (II.) (III.) (IV.) (V.) 


do not exhibit the double bonds found in the usual formule I. It 
has been pointed out by Lowry (Trans. Faraday Soc., 1923, 18, 285) 
that in formule II the oxygen atom sharing two valency electrons 
and holding six others will be negatively charged and that, therefore, 
a double bond is present but consists of one covalency and one 
electrovalency. Lowry suggests two methods (IV and V) of 
formulating this type of linking; we have in most cases used the 
first of these methods in which a barb on the valency bond indicates 
the direction in which an electron has been transferred. This 
choice was largely determined by the consideration that formule 
of type V are apt to be confused with other formule in current use 
in which + and — signs are attached to atoms without removing 
a valency bond and so do not indicate an electrovalency. 

Lowry hag proposed the terms ‘‘ mixed ”’ or “ ionised ”? double 
bonds for the linking present in formule IV and V. The second 
of these has been criticised by Porter, and by Rankine (Trans. 
Faraday Soc., 1923, 18, 296) on the grounds that no free ions are 
present, aid the term “mixed” is somewhat indefinite. The 
nomenclature of Lewis (loc. cit.) for the two kinds of single bond, 
namely, polar valencies and covalencies, is now in common use, 


and in conformity with this we propose to term the double bond 
: 3G 2 
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consisting of one covalency and one electrovalency a semipolar 
double bond. ‘The linking commonly found in carbon compounds 
which consists of two covalencies will be termed a non-polar double 
bond. 

That two kinds of double bond do exist is shown clearly by the 
experimental evidence summarised in Tables I and II. Further, 


from the fact that all the substances in Table II must, on the octet 


theory, contain semipolar double bonds it is evident that a parachor 
of — 1-6 must be assigned to this linking. The double bond with 
a parachor of 23-2 which is common in carbon compounds must 
therefore be identified as the non-polar double bond: The effect 
of these two types of linking on the parachor is readily understood 
when it is remembered that this constant is a measure of the 
molecular volume. 

When any additive relation is analysed and reduced to a series 
of atomic and structural constants it is well known that the effect 
of a single bond cannot be separately evaluated and the assumption 
is usually made that the constant for this linking is zero. In the 
first paper on the parachor, this practice was followed and the 
atomic parachors there obtained include the effect, if any, of a single 
bond. The semipolar double bond consists of a covalency with a 
superimposed electrovalency; its effect should therefore be that 


of a single bond, which is taken as zero, plus the effect of the electro- 


static attraction between the two charged atoms, which should cause 


a contraction in volume. This contraction would not be large, 


‘ 


since it appears improbable that considerable distortion of the 


outer shells of electrons could occur. It is significant that with one 
exception all the substances in Table II give a negative value for 
the parachor of a semipolar double bond. The mean value, — 1-6, 
is of the same order of magnitude as the deviations of individual 
values from this mean, but the balance of evidence seems to be in 
favour of a real but small negative value for the contribution of this 
linking to the parachor. 

For the non-polar double bond there is the large expansion in 
volume of 23-2 units. The original cubical atom of Lewis (loc. cit.) 


would give a smaller volume for two cubes placed face to face than 
for two cubes edge to edge. ‘The statical theory of atomic structure — 


is, however, quite incapable of accounting for all the modern work 


on spectra and atomic structure and in particular the successful | 


application of relativity considerations to the explanation of the 


fine structure of spectral lines seems to provide conclusive evidence 
in favour of the dynamical theory. On this view, the large expan-_ 


sion in volume caused by a non-polar double bond indicates that, 
when four shared electrons move in orbits around or between the 


: 


| 
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two atoms which share them the mutual interactions of the electrons 
thus crowded together lead to a looser structure of the molecule as 
a whole. 

It should be emphasised here that, with this exception, none of 
the results of the Lewis-Langmuir theory discussed in the present 
paper is concerned with the assumption of a cubical atom or of a 
statical theory of atomic structure. All the deductions with regard 
to valency follow from two postulates: (a) that a covalency con- 
sists of two shared electrons, and (b) that the maximum number of 
electrons in the outer shell of any atom is eight. The latter assump- 
tion is limited to the first two periods of the periodic table by 
Langmuir, who, for elements of higher atomic number, postulates 
the existence of a greater number of electrons in the outer shell. 
This view has been modified by Bury (J. Amer. Chem. Soc., 1921, 
43, 1602), who retains the outer shell of eight for all the inert gases, 
whilst Bohr’s theory of atomic structure (“‘ The Theory of Spectra 
and Atomic Structure,’ Cambridge University Press, 1922) retains 
eight electrons of greatest total quantum number, which may be 
regarded as valency electrons. 

In this connexion the recent measurements of von Wartenberg 
(Annalen, 1924, 440, 97) of the surface tension and density of 
osmium tetroxide are of considerable interest, as they provide an 
experimental test of the truth of the octet theory for an element 
of high atomic number. From these data, the parachor for osmium 
tetroxide is 154-0. On the assumption that the oxygens are held by 
four semipolar double bonds giving an outer shell of eight electrons, 
the parachor for osmium is 80-4; if the osmium atom in this com- 
pound has an outer shell of sixteen electrons, and four non-polar 
double bonds are present, then the parachor for osmium becomes 
_— 18-8. Although there are no further data on osmium compounds 
available from which an independent value of the parachor can be 
obtained, it will be seen from the rough values for neighbouring 
elements given below that the value Os = 80 falls into place in the 
series which exhibits a minimum at gold. Hence it appears probable 
that osmium tetroxide has the structure Os(—= O), and that the octet 
Tule may hold for elements of high atomic number as well as for the 
first two periods of the table. 


a Os Ir Pt Au Hg Tl Pb Nas 


Atomic number ...... 76 77 78 79 80 81 82 83 
BTMOIIOT “0. corns nes ciesse 80 — 68 54 70 — 90 92 
NC) — — Q>. «bey. —- H. H. 


In most of his formule Langmuir assumes wherever possible 
the formation of complete octets; in later theories (Latimer and 
Rodebush, J. Amer. Chem. Soc., 1920, 42, 1419), the existence of 
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sextets is postulated in certain cases. In particular, Lowry (J., 
1923, 123, 822) has suggested that most double bonds are semi- 
polar and states that “a double bond in organic chemistry usually 
reacts as if it contained one covalency and one electrovalency.” 
This view has been criticised on stereochemical grounds (Sugden, 
ibid., p. 1861; Farmer, ibid., p. 2531) and, so far as the normal 


state of the molecule is concerned, it seems necessary to retain the 


conception of the non-polar double bond to account for the existence 
of geometrical isomerides. We have now, in the parachor, a method 
of determining experimentally what type of linking is present in 
a particular molecule, and the remainder of the present paper will 
be devoted to the discussion of the constitution of a number of 
unsaturated compounds of carbon, nitrogen, phosphorus, and sulphur 
for which experimental values of this constant are available. 


(3) Carbon Compounds. 


The non-polar double bond contributing 23-2 units to the mole- 
cular parachor appears, so far, to be the only type of double linking 
in which the carbon atom takes part. It has been found in more 
than one hundred carbon compounds including hydrocarbons, 
aldehydes, ketones, and esters. In particular, it may be mentioned 
that five pairs of geometrical isomerides recently examined in this 
laboratory have all been found to possess this type of linking.* 

The case of the carbonates is of special interest. Langmuir 
gives the usual formula (RO),C—O and points out that carbonates 
are not isomorphous with sulphites, which, on Lowry’s method 
of formulation, have the structure (RO),S—=O. On the other hand, 
Lowry suggests that the stability of oxyacids depends upon the 
presence of a positively charged nuclear atom and writes the 


wt O 

carbonate ion Oe . We have therefore measured the surface 
O 

tension and density of two esters of carbonic acid with the following 

results : 


[P] cale. 
eS a en 
[P] obs. Non-polar. Semipolar. 
Diethyl carbonate ............ 277-4 278-2 253-4 
Diphenyl carbonate ............ 467-4 468-0 443-2 


It is evident that these compounds contain a non-polar double bond. 


(4) Nitrogen Compounds. 
The structure of nitrous acid presents the same ambiguity as that 


of carbonic acid. Langmuir gives the formula RON—O, whilst — 


* The data for these substances will be presented in a later paper. 


aio 
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Lowry assumes that a semipolar double bond is present and writes 


the nitrite ion O—N—O. We have therefore examined two esters 
of nitrous acid ; it will be seen from the values found for the parachor 
that Langmuir’s formula is correct and that the esters of nitrous acid, 
like those of carbonic acid, do not contain a positively charged 
nuclear atom. 


[P] cale. 
ts Ra nr ma pe RTE Ta SRS Ps 
[P] obs. Non-polar. Semipolar. 
n-Butyl nitrite ............0.008. 251-8 248-8 224-0 
SePAMY] nitrite .........6h..000. 287-4 287°8 263-0 


The existence of two types of double bond gives no fewer than 
four possible formule for the nitro-group. These formule together 
with the corresponding values of the parachor for the group NO, 
are given below. Formula (VI) is of course excluded by a octet 


0 0 0 
N N N mak 
No No - Go | 
98°9 74°] 49°3 69°5 
(VI.) (VIL.) (VIII.) (IX.) 


theory, and Langmuir adopted (VII) for this group, whilst Latimer 
and Rodebush and Lowry give the symmetrical formula (VIII). 
In the first paper on the parachor, it was pointed out that the 
experimental figures for this group were much smaller than would be 
expected for (VI) and it was assumed that the nitro-group possessed 
the alternative cyclic structure (IX). If this view is accepted, then 
from the experimental figures for nitro-compounds the constant for 
a three-membered ring is 21-5. An investigation of derivatives 
of cyclopropane and of ethylene oxide is now in progress, and the 
results so far obtained indicate that this value is too high and that 
the constant for a three-membered ring is approximately 17 units; 
this figure has been used in calculating the parachor given under 
(IX). The experimental data for nitro-compounds are tabulated 
below; the mean value of 74-2 is very close to the figure calculated 
for (VII), and (VI) and (VIII) are certainly excluded. The difference 
between (VII) and (IX) is not very large; the balance of evidence 


Substance. - Formula. Observer. [P]obs. 3[P]. NO, 
Nitrogen peroxide ...... NO,NO, R.&S. 144-4 | 0 72-2 
Nitromethane ............ CH,: NO, M.&S. 132-0 56:1 75:9 

H.C. & R. 132-1 re 76-0 

Ethyl nitrate .................C,H;-O-NO, M. & 8. 189°6 115-1 74°5 
Nitrobenzene ............ C,H.-NO, Ss. 264:5 190-0 74-5 
p-Nitrotoluene ............ C,H,-NO, ee 302:8 229-0 73°8 
p-Nitrochlorobenzene ... C,H,Cl- NO, mA 300-0 227-2 72-8 
Mean 74:2 


is in favour of (VII), although (IX) cannot be entirely excluded until 
the constant for a three-membered ring has been investigated more 
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fully. On chemical grounds, the Langmuir formula (VII) is to be 
preferred to the cyclic formula, as it suggests an explanation of the 
production of an aci-form from primary and secondary nitro- 
paraffins as indicated in formule (X), (XI), and (XII). On this 
view the ion of the y-acid has the symmetrical formula (XII) 
suggested by Lowry, whilst the original nitro-compound contains 
only one semipolar double bond. 


O OH 
OH —NnZ HN 
R:CH, a are a CH=N¢ 
(%) (XI.) (XII.) 

' Azoxy-compounds were at one time supposed to have the structure 
shown in (XIII). The existence of pairs of isomerides of a number 
of unsymmetrical azoxy-compounds (Angeli, Ahrens Vort., 1913, 
19, 447) has led to the adoption of formula (XIV), which is, however, 
impossible on the octet theory, since the nitrogen atom is quinque- 
covalent. One of the double bonds must be semipolar and from 
electrochemical considerations and from the fact that azoxy- 
compounds are readily formed by the oxidation of azo-compounds 
it appears probable that this is the linking between nitrogen and 


—N—N— NN —N=N— 
7 O ll 
62-0 91:2 66°7 
(XIII.) (XIV.) (XV.) 


oxygen as shown in (XV). We have examined azoxybenzene and 
o-azoxytoluene with the following results : 


[P] obs. Sit]. N,O. 
Azoxybenzene .........04. 444-7 380-0 64-7 
o-Azoxytoluene ..........+. 528-6 458-0 70-6 


If Angeli’ s evidence for excluding formula (XIIT) is accepted, these 
results give a satisfactory confirmation of (XV). 

We are indebted to Dr. O. L. Brady for the loan of specimens 
of the N- and O-methyl ethers of benzantialdoxime, the measure- 
ment of which has given the following results: O-Methyl ether, 
[P] obs. = 324-2; N-methyl ether, [P] obs. = 325-9. The O-ether 
must have the structure C,H;-CH:N:O-CH,, for which [P] calc. = 
323-7, in good agreement with the observed value. For the N-ether 
the structures indicated in formule (XVI), (XVII), and (XVII1) are 


se CHa One 

ve 

O\N-CH, O—N-CH, O=N-CH, 
317°5 346-9 321°2 


(XVI.) (XVITI.) (XVITT.) 


ti 
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possible. Here, again, the parachor confirms the octet theory in 
excluding formule such as (XVII) in which nitrogen is quinque- 
covalent. The observed figure, whilst rather high, is in favour of the 


modified nitrone structure (XVIII) with a semipolar double bond 


between nitrogen and oxygen. 

The investigation of other types of quinquevalent nitrogen 
compounds will obviously be of considerable interest, and we hope 
to extend our work in this direction in the nearfuture. For the three 
types so far examined, namely, nitro-compounds, azoxy-compounds, 


-and NV-oximino-ethers, the parachor confirms completely Langmuir’s 


contention that the maximum covalency of nitrogen is four, the 
fifth valency, as pointed out by Lowry, being always an electro- 
valency. 
(5) Phosphorus Compounds. 
The following table contains the data from which the parachor 
for phosphorus has been deduced and does not call for further 
comment : 


Substance. | Formula. Observer. [P]obs.  3[P]. Phosphorus 
Phosphorus trichloride PCI, M.&D. 199-0 162-9 36-1 
R. &S. . 201-1 a 38-2 
‘Phosphorus tribromide...PBr, 8.R.& W. 242:9 204-0 38-9 
Triphenylphosphine ...... P(C CHa War co. COT Ty.) STHO 37:7 
: Mean 37-7 


Data for phosphorus oxychloride and for two esters of phosphoric 
acid are contained in Table II. In accordance with the octet 
theory the double bond in these compounds is of the semipolar type. 

(6) Sulphur Compounds. 
The following table contains the data from which the parachor 


for sulphur has been calculated : 


Substance. Formula. Observer. [P]obs. 3[P]. Sulphur 
Sulphur monochloride ...S—Cl.  R.&S. 205-1 108-6 48-2 
—C] 

Carbon disulphide ...... SoU 3 144-7 51-2 46-8 
M. & h 

M.&D. 143-6 + 46-2 

; H.C.&R. 142-9 ae 45-9 

Ethyl mercaptan ......... C,.H,SH M.&C. 162-9 112-2 50-7 

Phenyl mercaptan......... C,H;SH W.&S. 257-5 =. 207-1 50-4 

M. & C. 256-4 ry 49-3 

Mean 48-2 


The data for the acid chlorides and esters of sulphurous and 
sulphuric acids are contained in Table II; in accordance with the 
requirements of the octet theory these compounds all contain 
semipolar double bonds. 


Data for a few thiocyanates and thiocarbimides are available and 
3 a* 
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present some points of interest. The table below shows that the — 


double and triple bonds in these compounds are all of the non-polar 


type, since the values of [P] calc. obtained on this assumption are | 
in good agreement with the observed figures. The double bonds | 
in carbon disulphide also are non-polar, hence the absence of such — 


bonds in sulphites and sulphates cannot be ascribed to an intrinsic 


property of the sulphur atom which prevents the formation of normal | 


linkings. 
Substance. Formula. Observer. [P] obs. [P] calc. 
Methyl thiocyanate ............ CH,:S:C:N Sch. 168-6 168-2 
Ethyl thiocyanate ............ C,H,-8-C:N . BR. & 8.) 1) 200s a0 Tee 
M.&C. 209-1 “a 
Ethylthiocarbimide ............ C,.H,-N:C:S up 211-7. +=207-0 
Allylthiocarbimide ............ C3H,'N:C:S Ks 232-4 235-0 
Phenylthiocarbimide ......... C,H,;'N:C:S8 ss 304-1 301-9 


Ethyl thiocyanate and ethylthiocarbimide have almost exactly 
the same parachor. This is further evidence for the value 46-6 for 


the triple bond (deduced from nitriles and acetylene derivatives), — 
which is almost exactly twice the constant for a non-polar double | 
bond (23-2). This suggests that each covalency in a multiple bond | 


adds 23-2 units except the first one, which has no effect on the 
parachor. 


In conclusion, it should be stated that in the present paper we 


are considering only the structure of the molecule in the “ resting ” 


state, whilst some of the formule discussed above (particularly — 
those of Lowry) are intended to refer to the “ reactive ’’ condition. | 
The arrangement of the atoms in the molecule in the “resting ” | 
state expressed in the structural formula is fundamental, not only | 


for stereochemistry and for the discussion of physical properties, 


but as a basis for the consideration of the structure of the molecule | 


in the “reactive ’”’ state. The structure of the activated molecule, 


if it differs perceptibly from that of the inactive molecule, must be | 
simply related to it. We have shown in the present paper that — 


whilst semipolar double bonds do occur in certain compounds they 
are not found in the non-activated molecules of carbon compounds 
generally. Lowry’s hypothesis concerning carbon compounds may 


therefore be taken to mean that the activation of such compounds _ 
consists in the transference of an electron whereby a non-polar double | 


bond is converted into one of the semipolar type. This view does 


give a simple connexion between the structures in the activated | 
and non-activated states; it is beyond the scope of the present 
paper to discuss whether this hypothesis gives a satisfactory picture _ 


of the nature of the change involved in the process of activation. 
So far as the non-activated molecules are concerned, one general 
rule holds. Semipolar double bonds are only formed when each 
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atom except hydrogen has attained a complete octet and when the 
formation of a non-polar double bond would cause one or other of 
the atoms concerned to be associated with more than eight electrons, 
or, in other words, to have a covalency greater than four. 


Summary. 


(1) By means of the parachor the existence of two types of double 
bond has been demonstrated experimentally. 

(2) These are identified as the non-polar and semipolar double 
bonds predicted by the octet theory as developed by Lewis, Lang- 
muir, and Lowry. 

(3) The nature of the double linking in a number of compounds 
of carbon, nitrogen, phosphorus, and sulphur has been investigated. 
In all the cases so far examined, semipolar double bonds are formed 
only when each atom, except hydrogen, has attained a complete 
octet. The octet is never exceeded and semipolar bonds are not 
found when their existence would necessitate the presence of a 
sextet around one or other of the atoms concerned. Sextets must 
be present in a few cases, as in the ion of triphenylmethy]1 chloride, 
but such structures are apparently rare. 

(4) There is some evidence that the octet rule is not restricted to 
elements of the first two periods of the periodic table, but that it 
may hold for elements of higher atomic number. 
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Pree ee Se 


EXPERIMENTAL. 


New measurements have been made of the surface tension and 
density of sixteen substances, the former by the method of maxi- 
mum bubble pressure (Sugden, J., 1922, 121, 858; 1924, 125, 27) 


and densities by means of the eiabed Peknoristar described in 
3.G* 2 


1536 SUGDEN, REED, AND WILKINS: 


the second of these papers. Three bubblers were used, the constants 
for which are given below : 


App. 8b. 8c. 4d. 
he oo Rd ak Lol eieieh ae 0-206 0-206 0-139 cm. 
A'S Vileais She dora doe 0-003730 0:005622 0:007767 


Tn the tables below, the first column gives the apparatus used and 
the second column the temperature. The thermometers used were — 
compared with a reference standard calibrated at the National 
Physical Laboratory and the observations are corrected for exposed — 


stem. The difference of the pressures (expressed in dynes/cm.?) 


required to liberate bubbles from the two tubes of the bubbler is _ 
given under P, D is the density of the liquid in g./c.c., and ¢ a 


correction factor calculated by the formula ¢ = 1 + 0-69r,gD/P, 
where r, is the radius of the wide tube in cm. and g = 981 cm. /sec.?. 
y is the surface tension in dynes/cm. calculated by the equation 
y = AP¢, where A is the apparatus constant determined by 
experiments with benzene. The parachor in the last column is then 
obtained by the expression [P] = y“4M/(D — d), where M is the 
molecular weight and d the density of the vapour in g./ce.c. In 
most cases d is very small compared with D and can be neglected 
except at temperatures approaching the boiling point. A method of 
calculating approximate values of the vapour density is given as an 
appendix to this paper, and has been used in those cases in which 
D — d has been placed at the head of column 4 in the tables below. 

Ethyl carbonate was twice fractionally distilled; the portion used 
boiled at 125-2—125-8° (corr.)/756 mm. Densities determined :‘ 
Di 0-974, D 0-959, Di? 0-941, D3" 0-925; whence Di; = 0-988— 
0:00113¢. Molecular weight 118-1. 


App. ti fa Dp, pe 7: Parachor. — 
4d 13° 3425 0-973 1-:0268 27:30 277°5 
a SH 3112 0-951 1-:0288 24-86 277°3 
a 43-5 2965 0-939 1-0298 23-71 277-5 
, 65-5 2640 0-914 1-0326 21-17 277-2 
Mean 277-4 


Phenyl carbonate was recrystallised from absolute alcohol 
and melted sharply at 79-5° (corr.). Densities determined : D¥ 


1-1215, Di!" 1-0997, Di 1-0690; whence Dy = 1-2002—0-000905¢. 


Molecular weight 214-1. 


App. te P. D. p. y: Parachor. 
4d 101° 4308 1-1089 1-0242 34:28 467-2 
fh 120-5 4041 1-0912 1-0254 32-19 467-3 
ps 139 3815 1-:0744 1-0264 30-41 467-8 

.Mean 467-4 


n-Butyl nitrite was prepared from n-butyl alcohol and repeatedly 
fractionated. The specimen used boiled at 75—76° (corr.)/768 mm. 
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Densities determined : D}! 0-8928, D? 0-8756, Di!” 0-8534; whence 
D; = 0-9059—0-001176¢. Molecular weight 103-1. 


App. t. tes D—d. p. y. Parachor. 
4d 13° 2781 0-8901 1:0301 22-25 251-5 
- 28-5 2555 0-8716 1-:0321 20-48 251-6 
a 42-5 * 2380 0-8547 1-:0338 ° 19-12 252-1 
“a 56-5 2184 0-8375 1-0361 17-58 252-0 
Mean 251-8 


isoAmyl nitrite was prepared from Kahlbaum’s isoamy]l alcohol 
and was repeatedly fractionated. The specimen used boiled at 
98-5—99-5° (corr.)/768 mm. Densities determined: D}” 0-885, 
3° 0-864, Di* 0-820; whence D; = 0-900—0-00108¢. 


App. t. eh D — d. Q. y. Parachor. 
4d 14° 2821 0-885 1-0295 22-04 286-7 
a 35 2539 0-862 1:0320 20-35 288-5 
ys 56 2247 0-839 1-0350 18-06 287-7 
& 73 2019 0-820 1-0380 16-28 286-8 
Mean 287-4 


Azoxybenzene was recrystallised from ligroin and melted at 
35-0—35-5° (corr.). Densities determined: Di! 1-150, D®* 1-132, 
D* 1-122, D** 1-109; whence Di = 1-189—0-000864¢. Molecular 
weight 198-2. 


App. t. Be i, p. y. Parachor. 
8b 51° 11460 1-145 1-0140 43-34 444-0 
‘ 66-5 10945 1-132 1-:0144 41-42 444-0 
My 77:5 10637 1-122 1-0147 40-26 444-8 
a 89 10356 1-112 1-0150 39-17 445-8 
Mean 444-7 


0-Azoxytoluene was recrystallised from ligroin and melted at 
58—59° (corr.). Densities determined: D*{* 1-0768, D* 1-0698, 
21-0637, D> 1-0369, D2 1:0248; whence Di = 1-1353— 
0-000790¢. Molecular weight 226-2. 


App. i ea 1b p. y. Parachor. 
8b 69-5° 10686 1:0804 1-:0141 40-41- 527-9 
4 78-5 10412 1-:0733 1-0144 39-39 528-0 
‘ 90-5 10130 1-0638 1-0146 38-33 529-0 
4p 101 9839 1:0555 1:0150 37-25 529-4 
Mean 528-6 


- O-Methyl ether of benzantialdoxime. The specimen supplied 
by Dr. O. L. Brady was distilled immediately before measurement 
and boiled at 197—199° (corr.)/762 mm. Densities determined : 
Di* 1-0325, D2?” 10165, D?* 0-9967, D?0-9757; whence Dy = 
1-0465—0-000976¢. Molecular weight 135-1. 


App. t. ¥: fey Q. y. Parachor. 
4d 16-5° 4670 1-0304 1-0208 37:03 323-4 
” 33°5 4399 1-0138 1-0217 34-92 324-3 
~ 55-5 4052 0:9923 1-0230 32-20 324-4 
- 73 3788 0:9753 1-0242 30-13 324-6 


Mean 324-2 
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N-Methyl ether of benzantialdoxime. The specimen supplied 
by Dr. O. L. Brady melted sharply at 84° (corr.). Densities deter- 
mined : D3" 1-0505, D2” 1-0357, D#°* 1-0236, Dy" 1-0117; whence 
D*. = 1-1333—0-000808¢. Molecular weight 135-1. 


App. t. fed Ls . 7: Parachor. 
4d 100° 5171 1:0525 1:0192 40-93 324:7 
" 122 4875 1:0347 1-0200 38-62 325-4 
me 14] 464] 1:0194 1-0207 36-80 326-4 
us 163 4352 1:0016 1-0216 34:53 327-0 

Mean 325-9 


Phosphorus tribromide was repeatedly fractionated first at ordinary — 
pressure and finally under reduced pressure. ‘The specimen used 
boiled at 66-5° (corr.)/20 mm. and at 176—177° (corr.)/772 mm. 
Some difficulty was experienced in measuring the surface tension 
of this substance owing to the presence of an orange-coloured 
impurity which separated slowly and blocked the capillary. This 
was not removed by repeated distillations at atmospheric pressure, 
but was left behind when the substance was distilled at 20mm. 
A drying tube, 60 cm. long, filled with phosphorus pentoxide, was 
fitted above the bubbler to dry the incoming air. Densities 
determined: D'” 2-904, D#®* 2-860, Di? 2-813, D?° 2-768; whence 
Di. = 2-942—0-00247¢. Molecular weight 270-8. 


App. t. i a PND op. Y- Parachor. 
4d 24° 5630 2-883 1-048 45-8 244-4 
ta 33 5410 2-861 1-050 44-] 244-0 
. 59-5 4680 2-795 1-056 38-4 241-2 
44 72 4520 2-764 1-058 37-1 242-0 

Mean 242-9 


Phosphorus oxychloride was twice distilled; the fraction used — 
boiled at 108-6—108-8° (corr.)/769 mm. Densities determined : 
D4" 1-691, D2? 1-659, D?* 1-625; whence D}. = 1-718—0-00188z. 
Molecular weight 153-4. | 


App. t. P, DD, Q. 7. Parachor, — 
8e 15° 5595 1-690 1-042] 32:77 217:1 
oe 49 4819 1-626 1-047] 28-36 217:7 
ts 65 4504 1-596 1:0494 26-57 218-1 
Mean 217-6 


Triethyl phosphate was prepared by the method of Limpricht 
(Annalen, 1865, 134, 347) and was fractionated twice under 
diminished pressure. The specimen used boiled at 108° (corr.)/ 
25 mm. and, with slight decomposition, at 216° (corr.)/770 mm. 
Densities determined: D 1-0794, Di 1-0551, D?* 1-0395, 
D8 1-:0257, D% 11-0093; whence Di: = 1-:0943—0-001028¢. Mole- — 
cular weight 182-2. : 
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App. t. Fs Zz p. y. Parachor. 
8e 15-5° 5294 1-0784 1-0284 30-61 397-7 
Ms 38-5 4887 1-0547 1-:0301 28-30 398-4 
es 69-5 4383 1-0229 1:0325 25-44 400-1 
= 87:5 4067 1-0044 1-0344 23-65 400-1 
Mean 399-1 


Trvphenyl phosphate was recrystallised from a mixture of absolute 
alcohol and ligroin and melted sharply at 50° (corr.). Densities 


determined: D'1-2055, D%8* 1-1970, D?* 1-1883, D%° 1-1803; 
whence D;: = 1-2523—0-000807t. Molecular weight 326-2. 
App. t. 2 ae D; Q. 7. Parachor, 
4d 65-5° 5118 1-1994 1-0221 40-63 686-5 
iy 74 4991 1-1926 1-0225 39-64 686-3 
ay 84 4872 1-1845 1:0229 38-71 686-8 
Mean 686-5 


Thionyl chloride was repeatedly fractionated; the specimen 
used boiled at 76-9—77-1° (corr.)/772 mm. Densities determined : 
Di?" 1-656, D? 1-622, D3 1-593; whence Di. = 1-6883—0-00188¢. 
Molecular weight 119-0. 


App. ts ss D—d. p. 7. Parachor, 
8e 18 5820 1-649 1-0395 34:01 174-3 
at 37 5375 1-613 1-:0418 31-48 174-8 
e, 51 4992 1-587 1-0443 29-31 174-4 
Mean 174:5 


_Sulphuryl chloride was prepared by boiling chlorosulphonic acid 
with a little mercuric sulphate and was repeatedly fractionated. 
The specimen used boiled at 70-0—70-2° (corr.)/772 mm. For the 
surface tension measurements the incoming air was dried over 
phosphorus pentoxide. Densities determined : D/? 1-700, D2 1-671, 
Di” 1-640 ; whence Dé = 1-727—0-00227¢. Molecular weight = 135-0. 


App. t. f eke D — d. Q. y. Parachor. 
. 4d 13° 4380 1-696 1-:0364 35:26 193-9 
4 23-5 4081 1-673 1-0386 32:92 193-3 
J 47-5 3504 1-617 1-:0434 28-40 192-8 
Mean 193-3 


Dimethyl sulphate. The commercial product was distilled once 
under reduced pressure and fractionated at atmospheric pressure. 
The specimen used boiled at 187-5° (corr.)/769 mm. Densities 
determined: D}$* 1-3367, D#1-3093, D2* 1-2820, DP 1-2533 ; 
whence D{. = 1:3575—0-001265t. Molecular weight 126-1. 


_ App. t. ap D: Q. . Parachor. 
4d 18° 5038 1-3347 1-:0249 40-12 237-7 
Fe 36-5 4738 1-3113 1-0260 37°76 238-3 
Ee 55 4444 1-2879 1:0273 35-46 238-8 
he 74:5 4163 1-2632 1:0285 33°25 239-6 
5 93 3879 1-2399 1-0301 31-03 240-0 
Mean 238-9 


Diethyl sulphate. 
under diminished 


The commercial product was twice distilled 
pressure; the specimen used boiled at 110° 
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(corr.)/30 mm. Densities determined: D}?' 1-197, D?* 1-175, 
D3" 1-153, Di 1-185; whence Di. = 1:210—0-00112%. Molecular 
weight 154-1. 


App. te fa Wis p. y- Parachor. 
4d 13° 4344 1-195 1-:0259 34:61 312-7 
a 32:5 4080 1-174 1-0271 32-54 313-5. 
Ms 48 3866 1-156 1-0281 30-86 314-2 
i 70 3576 1-132 1-:0298 28-60 314:8.. 
Mean 313-8 
APPENDIX. 


Calculation of Vapour Density in the Neighbourhood of the Boiling 


Point—The expression for the parachor involves the quantity — 


D — dand whilst the vapour density, d, is small compared with D 
in most cases, it becomes sufficiently large to affect the value of the 
parachor at temperatures approaching the boiling point. The 
value of d can, however, be calculated in the following manner with 
sufficient accuracy, since it only enters into the expression for 
the parachor as a small correction term. 

If it is assumed that the gas laws hold for the vapour at the 
boiling point, then d, = 0-0122M /T,, where d, is the vapour density 
at the boiling point 7; on the absolute scale at 760 mm., whilst 
M is the molecular weight. [or lower temperatures, the variation 
of the vapour density is expressed with sufficient accuracy by the 
expression log,,d/d, = 5(7'/T;, — 1), where d is the vapour density 
at an absolute temperature, 7’. The accuracy with which this 
empirical expression can be used to calculate the vapour density 
is shown by the examples below. The values of d obs. are those 
given by Young (Proc. Roy. Soc. Dublin, 1910, 12, 374). 


Benzene : 7,;=353, d, =0:0027. Chlorobenzene : T7,=405, d} =0-0034. 

Ah deale. dobs. Diff. t. deale. dobs. Diff. 
80° 0:0027 0:0027 -+0-0000 120° 0:0024 00-0026 —0-0002 
60 0:0014 00-0015 —0-0001 100 00-0014 0:0014 -+40-0000 
40 0:0007 00-0008 —0Q-0001 80 00-0008 0:0008 -+0-0000 
20 0:0004 00-0004 -+40-0000 60 0:0004 00-0002 +0-0002 

Diethyl] ether : Ethyl acetate : 
T,=308, d,=0-0029. T,=350, d,=0-0031. 

Fe deale. dobs. Diff. é deale. dobs. Diff. 
30° 0:0024 0:0027 —0-0003 60° 0:0016 0:0018 —0-0002 
20 0:0016 0-0019 —0-0003 40 0:0009 0:0008 +0-0001 
10 0:0012 0-0013 —0-0001 20 0:0003 0:0003 -+0-0000 


0 0:0008 0:0008 -+0-0000 


One of us (S. 8.) is indebted to the Research Fund Committee — 


of the Society for a grant which has partly defrayed the cost of 
this investigation. 


BIRKBECK COLLEGE (UNIVERSITY OF LONDON), 
Fetter LANE, E.C. 4. [Recewed, April 17th, 1925.] 
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CCIV.—The System Chromium Trioxde—Boric 
Acid—Water. 


By Lionet Freirx GILBERT. 


Tuts investigation was undertaken in continuation of previous work on 
the interaction of chromic acid with other acids (Gilbert, Buckley, and 
Masson, J., 1922,121, 1935; Mumford and Gilbert, J., 1923, 123, 471). 

The general experimental method was similar to that previously 
described (loc. cit.). The reaction tubes were partly filled with 
chromic acid solutions of different concentrations and with approxi- 
mately known amounts of (ortho-) boric acid. The temperatures 
were again 25° and 45°. 

Chromic acid was estimated iodometrically; total acidity was 
determined by titration of another sample with barium hydroxide, 
mannitol being added when the end-point, indicated by phenol- 
phthalein, was near. As the commercial mannitol used had a 
slightly acid reaction, it was found convenient to make up a saturated 
stock solution in water and to neutralise from time to time with 
barium hydroxide. A few c.c. of the saturated solution were 
sufficient for each titration. Baryta was run into each suitably 
diluted mixture till a definite pink colour persisted for 3 minutes 
(compare Kolthoff, Chem. Weekblad, 1922, 19, 449). This end- 
point is, however, sometimes difficult to determine accurately. 

The results obtained are shown in Tables I and II, boric acid 


Tasie I. TaBie II. 
Compositions (g. per 100 g.) Compositions (g. per 100 g.) 
and densities at 25°. and densities at 45°. 

Liquid phase. Wet solid. Liquid phase. Wet solid. 


d. CrO;. B,O;. CrO;. B,O;. d#°. CrO;. B,O;. CrO;. B,03. 

1699 62-40 0-10 32:38 26:09 1-674 61:56 0:90 39:31 20-84 

1-657 59:90 0:16 35-82 22:36 1-612 58:10 0:92 33:96 23-91 
53°72 0-28 1-603 57:50 0:87 29-78 27-42 
49°75 0-42 45-39 5-28 1:603 57-34 1:12 32-71 24-43 

1-420 43:80 0:65 24:42 24-89 1-528 53-80 0:85 24:28 29-88 
37°89 §}3©0-92.° 21:12 25-11 1-219 25°60 2-33 11-58 “ 32-10 

1-296 33:05 1:02 17:94 26:07 1:038 2:40 4:76 0:93 36:53 

1-212 24:31 1-35 9:02 35-72 

1:156 18-07 1:58 9-30 28-52 

1086 9-42 2-28 5-19 27-07 

1052 490 2-79 2-50 31-01 


being calculated as B,O,; the data of Table I are also shown 
graphically in the figure, in which the value shown for the solubility 
of boron trioxide in water at 25° (3-1% B,O,) has been calculated 
from Seidell’s tables. It will be observed that the productions of 
the tie-lines connecting liquids with corresponding wet solids pass 
very closely to the point representing the composition of boric 
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acid (56:39 B,O,, marked by an arrow on the diagram). The 
same occurs when the data for 45° are plotted. Apparent irregu- 
larities at 45° in the boron trioxide content of solutions containing 
much chromium trioxide may be ascribed to analytical errors, 
especially as the end-point in the total acidity determination is not 
sharp, and the small amounts of boron trioxide are determined by 


%B2O5. 
The solubility of boric acid in aqueous solutions of chromic acid at 25°. 


difference. For these reasons no great accuracy is claimed for the 
boron trioxide determinations, but from the behaviour of the 
tie-lines there seems no doubt that the solid phase is always boric 
acid. ‘The shape of the curve appears to indicate that the depression 
of solubility of boric acid as the concentration of chromic acid is 
raised is due chiefly to common ion (hydrogen) action. 

THE WitLt1AM Ramsay INORGANIC AND 


PHYSICAL CHEMISTRY LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. [Received, May 21st, 1925.] 
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CCV.—The Dissociation Constants of Selenious Acid. 


By James Stuart Witicox and Epmunp BrypcGEs RUDHALL 
PRIDEAUX. 


Tue first dissociation constant of selenious acid as determined by 
Ostwald (‘“‘ Allgemeine Chemie,” 1893) is 1:59 x 10% (conductivity 
method). The first and second constants as determined by Blanc 
(J. Chim. phys., 1920, 18, 39) are 2:7 x 10% and 5-1 x 10°. 
Blane, who stated his results with considerable reserve, appears to 
have used the following method. 0-595N-Sodium hydroxide was 
added, 0-1 c.c. at a time, to 0:0108N-selenious acid, and from the 
results obtained a conductivity—neutralisation curve was plotted, 
the rectilinear branches of which were produced in the usual manner 
to give the points of intersection corresponding to NaHSeO, and 
Na,SeO,. Solutions of the two salts prepared in accordance with 
these results were then treated with congo-red, phenolphthalein, or ¢ ,, 
«-naphtholbenz6in and matched against buffer solutions of acetate, 
and phosphate. These indicators were admittedly unsatisfactory 5) 
at the second point, py = 9-7, phenolphthalein was at the limit of” 
its change, and the colour change of naphtholbenzoin’ was not a 
pronounced one. Owing to the shape of the curve at these points, 
however, the accuracy in the determination of pg was probably 
sufficient. We consider that a more serious source of error is the 
difficulty of finding the pg points of inflection on the neutralisation— 
conductivity curve and of reproducing the correct stoicheiometrical 
proportions of acid and alkali with sufficient accuracy. For 
example, whilst 0-1 c.c. of alkali of the concentration employed by 
Blanc neutralises 6% of the acid, a change of 1% in the amount 
neutralised corresponds, from our curve, with a change of 1-0 in 
Pa value. We have therefore redetermined the constants with the 
aid of several indicators, including some of the modern ones, and at 
those stages of neutralisation at which the solutions are well buffered, 


and therefore not unduly sensitive to small errors in the addition 
of alkali. 
EXPERIMENTAL. 


A solution of selenium dioxide (prepared according to the usual 
method) in alcohol was filtered, and evaporated to dryness on the 
water-bath; the residue was recrystallised several times from 
hot water. To 20 c.c. of a 0-:05M-solution of this selenious acid 
(factor 0-97, found by analysis, the acid being converted into and 
weighed as selenium) were added measured volumes of 0-189/- 
sodium hydroxide, free from carbonate, in the presence of suitable 
indicators. The colours were matched, in Nessler glasses, against 
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those of solutions obtained by the addition of the same alkali to 
20 c.c. of the British Drug Houses universal indicator (J., 1924, 125, 
427) containing the same number of drops of indicator, and hence the 
hydrion concentrations corresponding to each 3% of acid neutral- 
ised were obtained. 

Calculation of K, and K,.—In the following tables x is the number 


of c.c. of alkali added to 20 c.c. of the selenious acid solution. The | 


percentage of acid neutralised is calculated from the value of z, 
and the total concentration, c, of the acid is 0:97/(20 + 2). The 
concentration of the sodium salt, [NaHA], and of the anion derived 
from this, is 0-189x/(20 + x). Individual values of h + [NaHA] 
and c — (h + [NaHA)) introduced into the equation 


K, = h(h + [NaHA))/{c — (b+ [NaHAD} . . (@) 


give the values of K, up to pg = 3-9; the results marked * in the 
tables have been used. For values of pq a little greater than 3 up 
to 4, equation (1) (J., 1924, 125, 427), which does not take account 
of the total concentration, may be used, terms containing K, being 
omitted; 7.e., 

Ky = RAO RY Oh ek Ee 


where k = equivalents of alkali added to 1 mol. of acid = % acid 
neutralised — 50. For values of ya from 6-0 upwards, K, is cal- 
culated from the equation 


Ky= MRS Vj — Rv) ee 


The figures marked } in the tables have been introduced into 
equation (1), those marked { into equation (2). 


Thymol-blue. 


Cs REO ea oes 0-5 1-0 1-5 2-0 2-55 3-0 3°57 4-0 
% acid neutr. 5 : 145 19:5 24-9 29-2 35 39 
ETT aihin na» bids donc 2%. 22-28% 2:35* |2-4* 5 2-45*. 2.40%) PGR e eae 


In the following tables the percentage of acid neutralised is 
equal to 10x — 1. 


B.D.H. universal indicator. 


Sri eeneys aes vala ds = 4:7 5:0 5-1 5:2 5:3 5-4 5:5 
Peas = 3-45* 405¢ 47 5:45¢ 63 68 7-15t 
Bromphenol-blue. 

aE ES ASP gs = 4:6 4-7 4-8 4-9 5-0 5:1 
PLONE = 3-35*¢ 3:55*t 3-75*+ 3-9*7 4:4 ° 4-85 
Congo-red. 

Ce 6S oin'e kin ae weca ite) EH Re 4-7 4:8 4-9 5:0 

Piss Mera = 3-25* 3-35* 3-63* 3-8* 4-2 


aN ae 
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Litmus. 
8 = 52 5-4 5-5 5-6 
RN ii veers a9 = §-9f 6-4f 655{ 6-98t 
Phenol-red. 
EC yenas ows evens = 5-63 6°13, . 6-65. 7-16. 7-67 
BE 5s sc'c> bx~s == by Ad 7-6 7-8f. 7-95t. . 8-05} 
Thymol-blue. 
ae = 8-18 8-69 9-2 9°71 
% acid neut. =80 85 90 95 
| = 8-It 8-3 8-55f 8-95 

Fie. 1. 

The neutralisation of selenious acid. 
NaHSeO, Na,SeO, 


20 40 60 80 100 
_ Per cent. of H,SeO, neutralised. 


© Experimental. + Calculated from present constanis. x Calculated from 
Blanc’s constants. 


The mean values of 10* x K, calculated from equations (a) and 
(1) above are: Thymol-blue, 4:18*; bromphenol-blue, 3-3*, 3-227 ; 
congo-red, 4-32*; B.D.H. indicator, 4:37*}. Allowance being made 
for the number of observations, the general meanis: K, = 4:0 x 10°. 

The mean values of 10° x K, are: B.D.H. indicator, 0-62; 
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litmus, 1:15; phenol-red, 0:72; thymol-biue, 1:04. The general 
mean is: K, = 0-87 x 10°. 

A few values of pq calculated from these constants are represented 
by -+ on the graph, 7.e. : 


% acid neut. 0 50 50-5 54-0 74-4 95-25 100 
PH Gerri wies wes ee! 8G Wa aes 6 7 8 9 10:35 


The experimental results are represented by circles, and the values _ 


calculated from Blanc’s constants, at a molarity of 0-05, by x. 


% acid neut. = 0 0-7 12:5 35-5 41-5 47-7 50:05 50-4 
FPO a ed OO 2 rd SUM ja 8 3:3 4-0 5 5:3 
% acid neut. = 652-4 54:6 66:5 75:25 915 95:5 99-05 

oh SUA Dey ipa ==' 6:0 [7s Zona fe UM ae Ps 8-0 8-3 9-0 


The first branch of Blanc’s curve lies distinctly above ours. The 
second branch of our curve has a very different position from 
Blane’s, the alkalinities throughout being greater. 

The end-points in the titration of 0-05. -acid are : 


NaHSeQ,. Na,Se0. 
TSANG) ees cheap ce 4-93 9-70 
ote ee inet 5-23 10-35 


The choice of p-nitrophenol for the first titration is justified, 
and cochineal, lacmoid, and resazurin also should be suitable. 

The second end-point does not of course give so accurate a titra- 
tion, but we have obtained fair results with thymolphthalein (to a 
full blue). ‘Tropzeolin O is not so good. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, April 27th, 1925.] 


CCVI.—The Interaction of Carbon Dioxde and 
Hydrogen on the Surface of Tungsten. 


By Cyril Norman HINSHELWOOD and CHARLES Ross PRICHARD. 


AccorDING to Taylor (Proc. Roy. Soc., 1925, A, 108, 105), only a 
small fraction of a catalytic surface is necessarily active and this 
fraction is a function, not merely of the surface itself, but also of 
the reaction catalysed. This theory, which is based upon evidence 
of different kinds, was very helpful in interpreting the results of 
our investigation of the interaction of carbon dioxide and hydrogen 
on the surface of platinum, and other experiments (this vol., p. 
806), where complete lack of correlation was sometimes found 
between total adsorption and that part of the adsorption which 
determines the kinetics of heterogeneous reactions. These all lend 
support to Taylor’s view that catalysis may be confined to certain 
active centres. 
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In continuation, the interaction of carbon dioxide and hydrogen 
on the surface of tungsten has been investigated. Kinetically, the 
reaction is somewhat different from the reaction on the surface of 
platinum, but there is equally good evidence that it is determined 
by the adsorption of carbon dioxide and hydrogen on active centres. 
From measurements of the velocity of reaction, it must be inferred 
that saturation of the active surface with respect to each of the 
gases is reached without any appreciable displacement of the other. 
Saturation may be reached simultaneously and independently with 
respect to each. This seems to show that those centres which 
adsorb the carbon dioxide are not the same as those which adsorb 
the hydrogen, and that interaction requires the adsorption of 
molecules of each on adjacent centres of the appropriate kind. 

The experimental method was essentially the same as that used 
in the previous investigation except that the reaction vessel was 
now a tungsten filament Osram lamp (30 volt, half-watt) to which 
were sealed capillaries leading to gas-holders, manometer and 
Gaede pump. The temperature of the filament was calculated 
from its'resistance with the aid of Langmuir’s data for the variation 
of the resistance of tungsten with temperature (Physical Rev., 

1916, 7, 159). 

_ The reaction was rendered irreversible by the absorption of the 
water formed in concentrated sulphuric acid in the bottom of the 
reaction vessel. 

It was shown by analysis that under the conditions of the experi- 
ments the only reaction taking place to an appreciable extent was 
the simple change H, + CO, = H,O + CO. 

Pure carbon monoxide rapidly attacks a heated tungsten wire 
with formation of carbonyl, and the resistance of the wire increases 
very rapidly. Under the conditions of our experiments, however, 
the carbon monoxide produced in the reaction had no effect on the 
wire. Whether this was because the pressure was not great enough 
or because the other gases had a protecting action on the wire was 
not investigated, but it was ascertained with the greatest care 
that the resistance of the wire remained constant and, an even 
more delicate test, its catalytic activity remained remarkably 
steady. Control experiments under standard conditions were 
repeatedly made to ensure that the results were not being vitiated 
by any change in the wire. 

Influence of the Pressure of the Hydrogen on the Rate of the Reaction. 
—Experiments were made with a constant pressure of carbon dioxide 
and varying hydrogen pressures. The rate of reaction first increases 
with the pressure of hydrogen and then remains constant, showing 
that the active part of the surface becomes saturated with hydrogen. 
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This is illustrated in Fig. 1. The curves were obtained with four 
different wires, the saturation capacities of which were naturally 
slightly different. The reaction—time curves are almost linear over 
a considerable range, so that the amount of carbon monoxide 
formed in 100 or 200 seconds is a quite legitimate and convenient — 
measure of the initial rate of reaction. The following figures were 
obtained with one of the four wires used. 


Fie. 1. 
Relation between rate of reaction and hydrogen pressure. 


; a os ay 


Rate of reaction expressed as amount of carbon 
monoxide (in millimetres) formed in 200 secs. 
(except curve 3, where time is 100 secs.) 


0 100 200 300 400 500 
Initial pressure of hydrogen in millimetres. 


(1) Wire 1, 50 mm. CO,, 1182°; (2) Wire 3, 50 mm. CO,, 1135°; (3) Ware 1, 
100 mm. CO,, 1182°; (4); Wire 5, 50 mm. CO,, 1027°; (5) Wire 2, 50 mm. CO,, 
1215°. 


TaBie I. 
Influence of Hydrogen Pressure. 


Pressure of carbon dioxide = 50 mm. in each case. Tem- 
perature = 1182°. | 


Press. of : Press. of ; 
H,(mm.) % CO, changed to COin H,(mm.) % CO, changed to CO in 


es 100 sec. 200 sec. 300 sec. PEt}: 100 sec. 200sec. 300 sec. 


50 22 41 56 300 40 68 85 
100 30 54 74 400 41 70 86 
200 36 63 82 500 . 4] 66 84 


If o is the fraction of the active surface covered with hydrogen, 
then the simplest type of adsorption equilibrium is expressed by 
ky(1 — o)[H,] = ko, whence o = [H,]/(kg/k, + [He]). 

Taking the readings at 100 seconds as proportional to initial 
velocities, a procedure justified by the almost linear form of the © 
curves, and calling x the limiting rate at infinite hydrogen pressure, 
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we have for [H,] = 50, o = 22/x and for [H,] = 100, « = 30/z; 
whence we find # = 47 and o = [H,]/(57 + [H,]). 

The following table gives the values of o calculated from this 
equation, and also calculated on the supposition that the fraction 
of the active surface covered with hydrogen is given by the ratio 
of the actual velocity to the limiting velocity. ‘This is referred to 
aS Tors, 


iat oh... (50) (100) 200 300 
Pi (0-47) (0-64) 0-77 0-85 
gAdeh rih ci. cat d. (0-47) (0-64) 0-78 0-84 


At 400 and 500 mm. o,,,. falls below the calculated value, that is 
to say, the rate of reaction does not increase quite as rapidly as it 
should. Indeed the calculated limiting rate is 47% of carbon 
dioxide transformed in 100 seconds, whilst the observed limiting 
rate is 41%. The hydrogen therefore has a certain displacing 
action on the carbon dioxide at higher pressures, but, as the table 
shows, this is negligible up to 300 mm. and even above this the 
_ displacing action is not wholesale as it would be if both gases com- 
peted for the same portions of the surface. Other wires gave 
similar results as the diagram shows, but detailed figures need 
not be given. 

Influence of the Pressure of the Carbon Dioxide on the Rate of 
Reaction.—This is similar to that of the hydrogen pressure, but 
saturation is reached at lower pressures and a slight diminution in 
the rate of reaction occurs at the highest pressures. ‘This indicates 
that the carbon dioxide can displace hydrogen to some slight 
extent, but the effect is almost negligible compared with that 
found when a platinum wire is used. 


Tase If. 
Influence of Carbon Dioxide Pressure. 


Pressure of hydrogen = 50 mm. in each case. Temperature = 
1182°. 


Press. of % total possible CO Press. of % total possible CO 


CO, (mm.) formed in CO, (mm. formed in 
[CO,]. 100sec. 200 sec. 300sec. [CO,]. 100sec. 200 sec. 300 sec. 
50 22 40 54 300 25 45 60 
100 24 46 62 400 22 39 52 
150 24 45 60 450 20 35 48 
200 24 45 60 500 18-5 33°5 46 


Taking the saturation value as 25 and ignoring the slight dis- 
placement effect at 400 and 500 mm., o¢o, = [CO,]/(5 + [COg]) 
is found to represent the fraction of the active surface covered with 
carbon dioxide at various pressures. 
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Typical curves obtained with various wires are shown in Fig. 2. 

The Kinetics of the Reaction—We have seen that the surface can 
apparently become saturated with hydrogen and carbon dioxide 
independently. Thus, for example, the experiments in which the 
pressure of the carbon dioxide is varied show that the surface is 
nearly saturated with respect to this gas at 50 mm. pressure. Yet 
with 50 mm. of carbon dioxide the hydrogen pressure can be 
increased from 200 to 500 mm. with little change in the reaction 
rate. If hydrogen displaced carbon dioxide, the rate would pass 
through a pronounced maximum, as it does in the experiments 
where carbon dioxide displaces hydrogen from certain active points 
on platinum surfaces. 

Fic. 2. 
Relation between rate of reaction and carbon dioxide pressure. 


20 | 


— 
(ca) 


Rate of reaction expressed as amount of carbon 
monoxide (millimetres) formed in 200 secs. 


0 100 200 300 400 
Initial pressure of carbon dioxide in millimetres. 


(1) Wire 1, 100 mm. H,, 1182°; (2) Wire 1, 50 mm. H,, 1182°; (3) Wire 2 
100 mm. H,, 1215°; (4) Wire 3, 50 mm. H,, 1135°; (5) Wire 5, 50 mm. a. 
1027°, 


If we have nearly independent adsorptions in this way, the 
simplest assumption to make is rte the rate of reaction is pro- 
portional to ox,7¢0,- 

From the results of the previous section we should therefore have 


[Hy] [CO.] 
(57 + [H,]) © (5 + [CO,])’ 

The factors [H,]/(57 ++ [H,]) and [CO,]/(5 + [CO,]) were’ found 
from experiments with pressures of 50 mm. of carbon dioxide and — 
hydrogen respectively. Using them, we may: test the constancy 
of k at other pressures. The following are some typical experiments, 
all carried out at 1182°. 


Rate of reaction = k. 
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Amount of carbon monoxide (mm.) formed in time ¢. 


50 mm. H, 100 mm. H, 200 mm. H, 300 mm. H, 
t (seconds). 50 mm. CO, 100 mm. CO,f 200 mm. CO, 300 mm. CO, 


100 11-5 18-5 23 

200 20 34 46 58 

300 27 46 64. 87 

400 32 56 87 116 

500 36°5 — 105 — 
= 27 k = 30 k = 30 k = 35 


The following table gives values of k for a number of similar 
experiments. In every case the rate of reaction from which k is 
obtained is expressed as the amount of carbon monoxide produced 
in 100 seconds. All the figures refer to wire 1. 


Press. of Press. of Press. of Press. of 
CO, (mm.). H, (mm.). k. CO, (mm.). H, (mm.). ion 
50 100 26 100 50 25-5 
100 100 25 100 100 25 
150 — 100 27°5 100 150 biog 
200 100 27-5 100 200 31-5 
300 100 aT 100 300 31 
500 100 a7 


The idea of independent adsorption of the two reacting substances 
thus seems to be substantiated. 

The Influence of T’emperature——The temperature coefficient of 
the reaction rate was measured with one only of the wires. Experi- 
ments were made with a standard mixture of hydrogen (100 mm.) 
and carbon dioxide (100 mm.) at each temperature. 


Temperature. 
CO (pressure in mm.) oe 
formed in 953°. 1061°. -1135°..  1231°.. 1303°. 
100 secs. 2 55 Il 21 29 
200 ,, a 11 22 38 a BM 
Su0)eh, 7 16 33 52 _- 


The value of the apparent heat of activation calculated from 
these by means of the Arrhenius formula is 30,000 calories. 


Summary. 


The rate of the reaction H, + CO, = H,O + CO on the surface 
of a tungsten filament heated to temperatures between 1000° and 
1300° is proportional to og,*oco,, Where cy, and ogo, are the fractions 
of certain active parts of the surface which are covered with 
adsorbed hydrogen and carbon dioxide respectively. 

The adsorption of each gas on the active centres is almost inde- 
pendent of the pressure of the other. This shows that the whole 
surface is not active, but that only certain parts are able to adsorb 
hydrogen and carbon dioxide and cause them to react. The parts 
which adsorb hydrogen in this way are different from those which 
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adsorb and render reactive the carbon dioxide. Interaction 
apparently takes place when molecules of the two gases are adsorbed 
on adjacent centres of the appropriate kind. 


We are indebted to the Royal Society and to the Chemical Society 
for grants with which some of the apparatus used was purchased. 
PHYSICAL CHEMISTRY LABORATORY, 


BaLuioL COLLEGE AND TRINITY COLLEGE, OXFORD. 
[Received, June 3rd, 1925.] 


CCVII.—The Relation of Homogeneous to Catalysed 
Reactions. The Catalytic Decomposition of Hydrogen 
Lodide on the Surface of Gold. 


By Cyrit Norman HinsHELwoop and CHARLES Ross PRICHARD. 


A HETEROGENEOUS catalyst may influence a reaction in two ways. 
It may modify the mechanism of the chemical change by allowing 
it to proceed along another path. It may also facilitate the trans- 
formation by lowering the energy of activation, ¢.e. the energy 
which must be imparted to the reacting molecules before they can 
be transformed chemically. There is very good evidence that in 
homogeneous chemical changes this energy of activation is the 


| 


i 


quantity which plays the decisive part in determining the rate at — 


which the reaction can take place at a given temperature. It 
must therefore be expected to have considerable significance in 
catalytic reactions also. 

The modification of reaction mechanisms is exemplified by the 
thermal decomposition of nitrous oxide. The homogeneous reaction 
is bimolecular (Proc. Roy. Soc., 1924, A, 106, 284). On the surface 
of platinum or gold the change becomes unimolecular (Proc. Roy. 


Soc., 1925, A, 108, 211; this vol., p. 327). It is resolved into the © 


stages NJO=N,+0O and O+0=0,. The affinity of the 
metals for atomic oxygen renders possible the first stage, which 
could only take place homogeneously if a very large amount of 
energy were communicated to the nitrous oxide molecule, for the 
production of free oxygen atoms is a highly endothermic process. 
The metal acts as a resting place for the oxygen atoms until they 
meet others of their kind. It appears also that on the surface of 
platinum ammonia decomposes unimolecularly (this vol., p. 1105), 


whilst, although the homogeneous reaction has not been actually 


observed, it is almost certain from analogy with known examples 
that it would be bimolecular. 


Tae EO eR ce a Tat Sn gt ee ee ae Ss 
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The question of the influence of the second factor, the lowering 
of the energy of activation, has not received a conclusive answer. 
The nitrous oxide decomposition is the only example hitherto inves- 
tigated in which a homogeneous reaction has been quantitatively 
compared with the corresponding heterogeneous change on one 
or more surfaces. The homogeneous transformation requires the 
collision of two molecules possessing a combined energy of 58,500 
calories. This quantity can be obtained from the temperature 
coefficient of the reaction velocity. The corresponding heats of 
activation obtained in the same way from the temperature coeffi- 
cients of the surface reactions on gold and platinum are 29,000 and 
32,500 calories, respectively. But it is not quite justifiable to 
compare these various values directly. In the case of bimolecular 
homogeneous reactions, there is ample evidence that the heat of 
activation is a real measure of the energy that the colliding mole- 
cules must possess in order that they may be transformed (compare 
J., 1924, 125, 1841). In heterogeneous reactions, however, the 
temperature coefficient of the reaction velocity depends partly 
on the variation with temperature of the amount of reactant actually 
adsorbed on the surface, and therefore the value of H obtained 
from the formula d log k/dT' = E/RT? requires correction before it 
represents the energy which the adsorbed molecules must acquire 
in order to undergo chemical change (compare J., 1923, 123, 1014). 
There exists a real temperature coefficient of the rate of reaction 
of the molecules actually adsorbed. This would furnish a true 
value for the heat of activation having direct physical meaning, 
but since the relative numbers of molecules of reactant adsorbed 
at different temperatures are not known, the correction which 
would make the observed reaction velocities at various temperatures 
_ directly comparable with one another cannot be applied. The 
adsorption of the reacting gas diminishes with temperature. This 
acts in opposition to the normal increase of the true reaction rate 
with temperature and thus the observed temperature coefficient is 
less than the true value. Thus LH, is too small. It is likely 
that the necessary correction is quite small compared with 30,000 
calories, so that we are probably safe in concluding that the total 
activation required in each of the surface reactions of the nitrous 
oxide is much less than in the homogeneous reaction. It is true 
that the 58,500 calories refers to 2 gram-molecules, whilst the values 
29,000 and 32,500 refer to 1 molecule only, the catalytic reactions 
being unimolecular. But the fact remains that the total activation 
necessary in the surface reaction is very much less, since in the 
homogeneous reaction one molecule is not activated without the 
other. 
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These conclusions are interesting, but not free from a little 
uncertainty, arising from the lack of knowledge about the exact 
correction that should be applied to the experimentally found heats — 
of activation in the surface reactions. The object of this paper 
is to present results which are free from any such uncertainty. 

The difficulty to be overcome is the unknown variation in the 
degree of adsorption of the reacting substance at different tem- 
peratures. The difficulty vanishes in one special case, namely, 
when the surface is saturated at all temperatures so that the number 
of molecules present is always the same. This state of affairs is 
recognised by the fact that the absolute rate of reaction becomes 
independent of the pressure of the reacting gas, or, in other words, © 
the reaction is of zero order. 

The heterogeneous decomposition of ammonia on the surface 
of tungsten was recently found to be approximately of zero order 
(this vol., p. 1105) and results are described in the present paper 
to show that the decomposition of hydrogen iodide on the surface 
of gold is also of this type. The observed heats of activation in 
these reactions are therefore equal to the true values and may be 
compared directly with the values for the corresponding homo- 
geneous reactions. 

The value found for the decomposition of hydrogen iodide on 
the surface of gold is 25,000 calories. Since the reaction is of zero 
order, it is impossible to tell whether one or two molecules of 
hydrogen iodide are involved in it; to decide this point is only 
possible with sparsely covered surfaces—when the surface is satur- 
ated, it makes no difference to the actual kinetics of the reaction 
whether one molecule decomposes spontaneously or two adjacent 
ones interact. From analogy with the case of nitrous oxide, it 
seems probable that only one is involved. However this may be, 
the total heat of activation is again very much lower than that of 
the homogeneous reaction, which amounts to 44,000 calories. 

With regard to ammonia the homogeneous reaction has not been 
observed, but its velocity has been shown to be negligible up to 
1050° (this vol., p. 1105). From analogy with the decompositions 
of ozone, chlorine monoxide, hydrogen iodide, and nitrous oxide, 
it seems certain that it would be found to be bimolecular, and from 
the table given by Hinshelwood and Hughes (J., 1924, 125, 1841), 
showing the relation between the heat of activation of bimolecular 
reactions and the temperatures at which they attain a given rate, 
it is obvious that the heat of activation in the homogeneous ammonia 
decomposition cannot be less than about 80,000 calories. The heat 
of activation of the reaction on the surface of tungsten was found 
to be 38,700 calories. 
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The following table gives a summary of the various relationships : 


Total activation 


Total activation required for the 
Reaction. required for the heterogeneous change 
Thermal decom- homogeneous change (probably or certainly 
position of (bimolecular). unimolecular). 
Hydrogen iodide ...... 44,000 25,000 (gold) 
Nitrous oxide ......... 58,500 29,000 * (gold) 
32,500 * (platinum) 
AMMONIA .......0..65000. probably 39,000 (tungsten) 
>80,000 


* | small correction ? 


(The decomposition of ammonia on platinum cannot be brought 
into this table because it is retarded by the hydrogen formed in 
such a manner as to make the temperature coefficient mainly 
a function of the hydrogen adsorption.) 

It will be observed that the values for the surface reactions are 
in each case approximately half the corresponding values for the 
homogeneous reactions. There is perhaps some temptation to 
suppose that the numerical ratio of 2 : 1 would be exact if perfectly 
accurate data could be obtained, and to interpret this in terms of 
activation by one and two quanta. This, however, is not admis- 
sible. Activation doubtless takes place in accordance with quantum 
dynamics, but the characteristic quanta involved in reactions 
taking place under physical conditions so different as to lead to 
completely different reaction rates cannot be expected to bear any 
simple numerical relation to one another. When the stability of 
a molecule is profoundly modified, it can only be as the result of 
a rearrangement of the internal forces which will also lead to a 
fundamental change in the size of the quanta. We must at present 
‘content ourselves with observing the greatly decreased heat of 
activation in the surface reactions and the probable change from 
bimolecular to unimolecular processes. 

The Catalytic Decomposition of Hydrogen Iodide on Gold.—The 
experimental procedure for measuring the rate of decomposition 
of hydrogen iodide on the surface of a heated gold wire was exactly 
as described in previous papers (this vol., p. 327; Proc. Roy. 
Soc., 1925, A, 108, 211). The iodine liberated in the reaction 
was condensed on the walls of the vessel, which was kept at 0°. 
The vapour pressure of iodine at 0° is negligible. The reaction 
2HI = H, + I, is therefore accompanied by a decrease in pressure 
which allows its rate to be measured. There existed the possibility 
that the gold wire might be attacked by the iodine. Gold iodide 
is, however, decomposed at 200°, and the lowest temperature of 
the wire in the experiments was 530°. Iodine, therefore, under 
the experimental conditions never had the opportunity of reaching 
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the wire except at a temperature several hundred degrees above 
that at which gold iodide ceases to be capable of existence. It 
should be mentioned that gold iodide is apparently endothermic, 
although F. Meyer finds that the interaction of gold and iodine 
diminishes with temperature and almost ceases above 190°. This 
leaves it just possible that there might be slight interaction again 
at higher temperatures. But it is in the highest degree unlikely 
that the dissociation pressure of gold iodide would at 800° have 
fallen below the minute iodine pressure prevailing in these experi- 
ments, and the special experiments made to test for interaction 
showed that it was in fact inappreciable. The change in pressure 
observed when the decomposition was complete coincided with the 


80 


pressure of 200 mm. 


Per cent. hydrogen iodide decomposed at initial 


800 —- 1000 


Time in seconds. 
Catalytic decomposition of hydrogen iodide with surface of gold. Initial pressure 
200 mm. 


theoretical value. The resistance of the wire at 0° was measured 
from time to time and found not to vary as it would if the gold 
were being attacked, and the catalytic activity remained constant. 
The action of the gold may therefore be regarded as purely catalytic 
in the usual sense of the term. 

The hydrogen iodide was prepared by dropping syrupy phosphoric 
acid on a mixture of finely divided potassium iodide and phosphorus 
pentoxide in an apparatus made entirely of glass. The gas was 
dried by passage over phosphorus pentoxide and condensed in a 
bulb surrounded by liquid air. While the hydrogen iodide was kept 
solid, any non-condensible impurities such as hydrogen were 
pumped away. About one-third of the liquid was then allowed 
to distil into an evacuated blackened glass bulb, provided with a 
tap. This bulb was then sealed to the decomposition apparatus. 


Fi 
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Since hydrogen iodide attacks mercury, special precautions have 
to be taken in measuring the reaction velocity with the aid of a 
mercury manometer. Fortunately, it was found that hydrogen 
has no influence on the velocity of decomposition and it was there- 
fore convenient to allow the reaction always to proceed in the 
presence of a certain amount of hydrogen, which was let into the 
apparatus first and thus acted as a buffer in the capillary mano- 
meter, protecting the mercury completely from any attack by the 
hydrogen iodide. 

The following figures show that hydrogen has no effect on the 
reaction velocity. 


Temp. 705°. HI alone (200 mm.). Amt. decomposed in 200 secs. = 32 mm. 
HI (200 mm.), H, (100 mm.). Amt. decomposed in 200 
secs. = 34 mm. 


Temperature 705°. Amount of hydrogen iodide decomposed (mm.). 
50 mm. H, 100 mm. H, | 200 mm. H, 
Time (sec.). 100 mm. HI 100 mm. HI f 100 mm. HI 
100 19 18 18 
200 35 36 34 
300 49 50 47 
400 61 62 59 
500 72 72 68 


The absolute amount of hydrogen iodide decomposed in unit 
time is nearly independent of its pressure. This may be seen by 
an inspection of the following results. It will also be observed 
that the curves shown in the figure are not far from linear. 


Temperature 705°. 100 Mm. of peli present in each expt. 


Amount of hydrogen Amount of hydrogen 
iodide decomposed. iodide decomposed. 
Time 100mm. 200mm. 400mm. Time 100mm. 200mm. 400mm. 
(sec.). HI. HI. HI. (sec.). batt foe. HI. 
100 18 18 22 26 800 88 90 — — 
~ 200 34 36 42 46 900 —_— — 148 174 
300 48 50 60 — 1200 —_—- — — 224. 
400 60 62 76 76 1500 —_— — — 266 
500 69 72 —— oe 1800 —_— — — 308 
600 ao eo 110 118 2100 —_— — — 334 
700 —_ — a — 2400 — — 352 
Temperature 588°. Temperature 817°. 
Amount of hydrogen Amount of hydrogen iodide 
iodide decomposed. decomposed. 
Time 200 mm. 400mm. Time 100mm. 200mm. 400 mm. 
(sees.). HI. Hil. (secs.). HI. HI. Hi. 
200 10 Ris 100 58 58 76 
400 18 — 200 84 11] 144 
500 -—~ 26 300 92 162 196 
900 36 44 400 — — 252 
1600 54 — 500 — — 298 
600 — — 334 
700 — — 354 


VOL. OXXVIL. 3H 


1558 THE RELATION OF HOMOGENEOUS TO CATALYSED REACTIONS. 


The reaction is thus nearly of zero order, a fourfold increase in 
pressure increasing the absolute reaction rate only in the ratio 1: 1-45 
at 705° and 1: 1-46 at 817° instead of in the ratio 1 : 4-0, as would 
happen if the change were according to the unimolecular law. 

The nearness of this ratio to unity shows that saturation of the 
surface is nearly reached at both temperatures and the equality 
of the ratio at the two temperatures shows that the deviation 
from saturation at a given pressure cannot differ appreciably in 
the two cases. The temperature coefficient should therefore be 
independent of the variation of adsorption with temperature. 

The influence of temperature on the velocity of reaction was 
measured from 530° to 817°. From the slope of the line obtained 
by plotting the reciprocal of the absolute temperature against 
log t, where ¢ is the time taken for 50 mm. out of an initial 200 mm. 
of hydrogen iodide to decompose, a value of 25,000 calories is found 
for the heat of activation. The same value is found from the 
times required for 20 mm. out of the initial 200 mm. to react. 


Absolute temperature...... 803° 861° OL TEs) tee 1034° 1090° 
E(SOCONGSY) |... Goes teen ede 6000 1450 650 242 157 85 


A discussion of these results has been given in the earlier part of 
the paper. 

Summary and General Conclusions. 

It is shown that the thermal decomposition of hydrogen iodide 
on the surface of a heated gold wire is a catalytic reaction the rate 
of which is almost independent of the pressure of the gas and 
uninfluenced by the presence of hydrogen. 

It is pointed out that such “ zero-order ”’ reactions are of special 
importance because their temperature coefficients are not influenced 
by the changing degree of adsorption of the reactant. The “heat 
of activation ’’ may therefore be expected to have, without correc- 
tion, the direct physical significance that it possesses in the case of 
homogeneous reactions. 

On the basis of the results described in this and previous papers 
it is now possible to make a comparison between the mechanism of 
homogeneous reactions and that of the cone ra aes reactions 
catalysed by surfaces. 

The reactions considered are the homogeneous thermal decom- 
position of nitrous oxide, hydrogen iodide, and ammonia, and the 
heterogeneous decomposition of nitrous oxide on platinum and 
gold, of hydrogen iodide on gold, and of ammonia on tungsten. 

It is shown that the surface reactions have heats of activation 
only about half as great as those of the bimolecular homogeneous 
changes. But the surface reactions have been shown in some cases 
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to involve only one molecule, and this is probably the general rule. 
Thus the function of the surfaces in the reactions considered is to 
permit the occurrence of a unimolecular process instead of a 
bimolecular process requiring an energy of activation about twice 
as great. 


We are indebted to the Royal Society and to the Chemical Society 
for grants in aid of this work. 
PuysiIcaAL CHEMISTRY LABORATORY, 
' BALtiotn COLLEGE AND TRINITY CoLLEGE, Oxrorp. 
[Received, May 26th, 1925.) 


CCVIII.—The Adsorption of Water from the Gas Phase 
on Plane Surfaces of Glass and Platinum. 


By Ivan Roy McHarriz and Sam Lenuer. 


Tue results of numerous investigators (Ihmori, Ann. Phys. Chem., 
1887, 31, 1006; Briggs, J. Physical Chem., 1905, 9, 617; Trouton, 
Proc. Roy. Soc., 1907, A, '79, 383; Katz, Proc. K. Akad. Wetensch. 
Amsierdam, 1912, 15, 445; Parks, Phil. Mag., 1903, 6, 517) would 
indicate that the film of water adsorbed on a glass surface at the 
ordinary temperature from the gas phase may be of more than 
monomolecular thickness when the pressure of water vapour is 
not far removed from the saturation value at the corresponding 
temperature. Langmuir (Proc. Faraday Soc., 1922, 607; Physical 
fev., 1915, 6, 79), in stating his important theory of adsorption, 
says, ““ Only when we have saturated vapours should we ever get 
films of gas molecules of more than monomolecular thickness.” 
The present research is a study of the films of water adsorbed from 
the gas phase on plane glass and platinum surfaces when the pressure 
of the water vapour is near the saturation value. 

The method employed is such that a direct measurement of the 
number of molecules adsorbed from a saturated vapour on a known 
‘area of a plane surface can be made. The phenomenon on which 
this study of adsorption is based was observed by one of us in another 
research and may be briefly stated as follows. Consider a closed, 
evacuated system into which a limited mass of water is introduced. 
This mass must be such that at some higher temperature the entire 
amount will be in the state of vapour, but at the initial temperature 
part of the water exists in the liquid: phase, the remainder being 
in the gas phase. The pressure in the system due to water vapour 


should be equal to the vapour pressure of water at the initial tem- 
| 311 2 


1560 MCHAFFIE AND LENHER: THE ADSORPTION OF WATER 


perature, and the pressure at successively increasing temperatures 
should be equal to the vapour pressure of water at the corresponding 
temperatures until all of the water present has passed into the 
gaseous phase. 

The increases of pressure above this value due to increasing 
temperatures should be proportional to the absolute temperature. 
If the temperatures be plotted as abscissee and the corresponding 
pressures as ordinates, the curve obtained from these theoretical 
considerations would be aob (Fig. 2). The portion ao is the vapour- 
pressure curve for water and ob is the curve showing the effect of 
temperature on the pressure of a gas at constant volume. The 
values of pressure in the system as a function of temperature, 
determined experimentally, do not agree with these theoretical 
considerations. The experimental curve for such a system is ach 
(Fig. 2). At temperatures below the point a the experimental 
curve coincides with the vapour-pressure curve for water (ao), 
and at the temperatures above the point b the experimental curve 
coincides with the theoretical curve ob. The measurements of 
pressure at temperatures between a and b are in every case less 
than those expected from the simple theory given above. The 
greatest deviation of the experimental curve from the theoretical 
curve is at the temperature given graphically by the point o. At this 
temperature all the water in the system should be in the gaseous phase, 
if adsorption did not occur, and the pressure due to water vapour 
should be equal to the vapour pressure of water at this temperature. 
If the temperature and the pressure of the system are those of the 
point 5, then all of the water present exists in the gaseous phase. 
The pressures determined experimentally at successively decreasing 
temperatures between 6b and o should be those represented by the 
line bo, if adsorption did not occur, but the values of pressure deter- 
mined lie along the curve bc; continued pressure measurements 
at temperatures between c and a give the curve ca, the experimental 
curve from a to b being a smooth continuous curve. 

The pressure measured at any temperature between a and b is 
less than the expected value. This decrease of pressure must be 
due to adsorption of water from the gas phase. That equilibrium 
is established along the curve is evident from the fact that at any 
one temperature the value of the pressure measured is the same 
whether the system be heated to that temperature or cooled down 
from a higher one. 

It is not possible to state definitely from the findings of this 
research whether the adsorption measured takes place directly 
on the solid surface of the glass or platinum, or on the surface of a 
stable adsorbed layer of water which is on the surface throughout 
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all of the experiments. The procedure adopted is such that this 
question cannot be settled here.* 


The method of experimentation was as follows. 
The Adsorption of Water on a Glass Surface. 


The Apparatus.—A diagram of the apparatus employed to measure 
the pressures in a constant-volume system is shown in Fig. I. 


imate sroa Ls 


A is a hollow cylindrical tube of soft Duroglass closed at the top 
end; the lower end is sealed to a glass tube of smaller diameter 


* The adsorbing surfaces in the case of glass or platinum (the materials 
employed in this inve8tigation) are not of course ideally plane as assumed. in 
this paper, and so the amount of substance adsorbed per unit of area of 
adsorbing surface may be smaller than as calculated. A discussion of this 


_ question is reserved for a subsequent paper. 


1562 MCHAFFIE AND LENHER: THE ADSORPTION OF WATER 


; 
1 


which is bent into a U, D. At the bottom of the U a glass tube 


78 cm. long is sealed; a mercury air-trap is sealed to the bottom 
end of this tube, which is in turn attached to a mercury reservoir 
by means of rubber tubing. The internal dimensions of A were 
carefully measured before the tube was constructed; tubing of 
uniform bore and as free as possible from imperfections was chosen. 
The tube was annealed for 4 hours at 500°. The internal surface 
of the tube A was cleaned by first washing with organic solvents. 


The tube was then filled with freshly prepared chromic acid cleaning 


solution and allowed to stand for 24 hours. The cleaning was com- 


pleted with fuming nitric acid and repeated washings with distilled — 


water. The volume of the tube to the pointer F was calibrated 
to 0:005 c.c. The open end of the U, D, is connected to mercury 
diffusion pumps and a McLeod gauge. A tap is placed in the tube 
B. A fewcm. below the tap a side tube is sealed making connexion 
with a second U tube, E, the other end of the U is sealed to a bulb, 
C, containing distilled water. 


To the bottom of the U, E, a tube similar to that at the bottom 


end of D is sealed and is connected as before to a mercury reservoir. 
In making the final position seals in the clean apparatus the glass 
blowing was done through a phosphorus pentoxide tube. All 
the mercury used in the apparatus was thoroughly purified and 
dried by the usual methods. The whole was mounted vertically 
in a water thermostat, the temperature of which was maintained 
and controlled electrically, the thermoregulator permitting of an 
adjustment over a long range of temperature. The tubes from 
D and E passed through stuffing boxes in the bottom of the thermo- 
stat. A scale, H, calibrated to 0:01 mm., was mounted behind 
the tube B. Plate glass windows were set in the sides of the thermo- 
stat so that the differences in level between the mercury in F and B 


might be read by means of a cathetometer provided with a micro-— 


meter screw adjustment. Evacuation was carried out by means 
of a diffusion pump backed by a Toépler pump. Pressure readings 


at high vacuum were made by the McLeod gauge. Before the 


apparatus was used for any determinations the air was entirely 
removed from the apparatus and from the water in C. } 
Experimental Procedure—The mercury in D and E is lowered 


and the pressure of the air reduced by means of the water pump 
to such a value that the water in C just begins to boil. Excessive 
boiling must be avoided, otherwise water will be carried over from > 


Cinto the U, KE. The mercury is then raised in K and the evacuation 
continued by the diffusion pump until the pressure remaining in 
the apparatus cannot be read on the McLeod gauge. The tap B 
is then closed and the mercury lowered in E. 
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When sufficient time has elapsed for the pressure to come to equili- 
brium with the vapour pressure of the water in C, the mercury 
in E is again raised and evacuation continued. This process is 
carried out a sufficient number of times so that the last remaining 
traces of air in C are removed. ‘The position of the pointer F is 
now determined relative to the scale H. 

When the vacuum is as high as possible, the: mercury in D is 
raised until the tip of the pointer just touches its reflected image in 
the mercury meniscus. ‘The position of the meniscus in B is then 
read off to 0°01 mm. on the scale H. This determination of the 
“zero ”’ position of the pointer was carried out a number of times 
and in every case concordant results were obtained. The tap B is. 
then closed and the mercury lowered in Dand E. The temperature 
of the thermostat is adjusted so that the value of the pressure in 
A due to water vapour, and hence the mass of water in A, is that 
desired for a particular measurement. During the filling process 
the mercury in D and E is lowered just below the bottom of the 
U’s so that any condensation of water on the mercury surfaces is 
avoided. ‘The mercury is then raised in D and H, B is opened, and 
the apparatus completely evacuated to the mercury surfaces. The 
pressure in A is then determined by raising the mercury in D until 
the tip of the pointer just touches its reflected image, and reading 
off with the cathetometer the position of the meniscus in B on the 
scale H. The difference between this value and that of the “ zero ”’ 
position of the pointer is the pressure in mm. of mercury at the 
temperature of the thermostat exerted by the water vapour in A. 
From this reading it is possible to decide whether or not the desired 
amount of water has been admitted to A. If it is not sufficient, 
the temperature of the thermostat is increased, and the filling 
operation again performed. If too much water has been admitted, 
B is closed, the mercury is lowered in D, permitting some of the 
water vapour to escape into B, the mercury is then raised in D, 
the tap B is opened, and the portion of the apparatus above the 
mercury surfaces is further evacuated. This procedure is continued 
until the amount of water in A is that desired. It is not essential 
at this stage to know exactly the mass of water which has been 
admitted to A, since the mass may be determined from later measure- 
ments. Readings of the pressure in A are made both at successively 
increasing and decreasing temperatures, and in both instances 
readings obtained at any one temperature agree to 0'01 mm. The 
temperature is increased until the water vapour is behaving as a 
gas whose pressure at constant volume is increasing linearly with 
increasing temperature. The readings are continued at successively 
lower temperatures until the pressures measured agree as nearly 
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as possible with the KepQuE pressures of water at the corresponding 
temperatures. 

Results—The readings obtained in a series of measurements 
are given in Table I. 7' is the absolute temperature, and p the 
pressure read at the corresponding temperature in mm. of mercury 
at 0:0°C. The volume of the tube A was 13-307 c.c. and the area 
of the internal surface was 55-10 sq. cm. 


TABLE I. 
N /em.? N /em.? 
T° abs. pmm. x 10-14. 6. —AF. T° abs. p>mm. X10“. 4. —AF 
No. 1 No. 2 
293:0 16:90 1052-0 88-5 20°6 289-0 13:25 1387-0 117-0 —_ 
298:0 22-73 616:4 51:8 26-1 293-0 16:92 1109:0 93-2 20-4 
302:0 27°54 267-2 22-5 52-2 296-0 20-46 841-3 78-0 22-5 
305:0 29-71 119-5 10-5 110-4 298-0 22-80 652-7 56-1 24-3 
308-0 30-65 70-3 5-9 194-8 300-0 25:27 487-7 41:0 33-6 
311-0 31-44 32-8 2-7 282-2 303-0 28-96 231-3 20:0 60-7 
314:0 31-97 16-4 1:4 374-1 306-0 30°82 98-4 - 83 152-0 
317:°0 32-40 7:03 06 468:2 308-0 31-47 65-6 5:5 178-6 
320-0 32:80 — — — 311-0 32-26 30°5 2-5 260-2 
323:0 33:23 eh = ae 314:0 32-91 4-7 0-4 356-1 
317-0) 33-38 ts — — 
320:0 33:83 — — — 
323:°0 34-19 — — — 
No..3. No. 4. 
293-0 16:99 1444-0 121-0 14-3. 298:0 23-76 2188-0 184-0 0-0 
298-0 23-08 986-6 83:0 17-1 301-0 27°85 1638-0 137-7 10-7 
301:0 26-90 707°8 59:5 19-5 304:0 32:96 1265-0 106-0 13:3 
304:0 31:06 407-7 340 49-1 307-0 37:85 918:8 77-2 32-2 
307:0 34:26 185-1 15:5 92-7 310-0 43:07 550°8 46:3 54-5 
310-0 35:92 86:7 72 165-7 313-0 47:02 286-0 24-0 98-6 
313:0 37-05 25:8 2-1 248:5 316-0 48-70 194-5 16-3 179-1 
316:0 37-79 — — — 319°0 51°55 21-1 1-4 237-4 
322-0 62-32 —— ae bee 
325:0 53-11 — = oe 
328:0 53:75 9 we 28 


In Fig. 2 the values of 7' given in Table I are plotted as abscissze 
and the corresponding values of p as ordinates. The vapour- 
pressure curve for water is also given, plotted from the data of 
Scheel and Heuse (Ann. Phys., 1910, 31, 715). 

At the higher temperatures the values of p are increasing linearly 
with increasing temperature. The mean value of the rate of increase 
per degree is 0:0037. This is sufficiently near the temperature 
coefficient of a perfect gas that water vapour at these concentrations 
may be considered to behave as such. Hence the mass of water 
present in the system may be calculated from the equation pv = 
nRkT, where p is the pressure at some point on the linear portion 
of the experimental curve at the temperature 7'°; v is the volume 
of the system; n is the number of moles present; and £& is the gas 
constant, which, if p is measured in mm., is equal to 6-244 x 
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104 c.c.-mm. per degree. If any other point be chosen on the experi- 
mental curve, then the temperature and pressure will be 7’, and p,. 
The number of moles of water in the gaseous phase can be calculated 
at the new temperature and pressure and is given by n, = p,v/RT. 

The number of moles adsorbed on the glass surface will be n — nj, 
where n — n, = pu/RT — p,v/RT. 


Fig. 2. 
Glass—water. 


55 
50 


45 


283 288 293 298 303 308 313 318 323 328 
T° abs. 


The Avogadro number is 6:06 x 10. The actual number of 
_ molecules adsorbed on the glass surface is (n — n,) X 6:06 « 10%, 
_ or, if this number be denoted by JN, then 
pe oSAAY Oe a: #2) 23 
(P 7, ~ FUE S6 10. 
Since v,-the volume of the apparatus, and #& are constant, 


N = (p/T — p,/T 3) X 1:292 x 10°. 
3 H* 
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The area of the inside surface of the glass tube can be calculated 
to 0:05 sq. cm. In this calculation, the area of the glass pointer 
must be included. The value obtained was 55:10 sq. cm. The 
number of molecules adsorbed per sq. cm. (N/cm.?) is given by, 


N/om.2 = (p/T — p,/Ty) x 2-344 x 1018. 


The degree of accuracy of this calculation is fairly high. The 
temperature was read to 0-05° ; the pressure to 0-01 mm.; the volume 
was calibrated to 0-005 c.c., and the area calculated to 0:05 sq. cm. 
If the equation giving N/cm.? be differentiated and these values 
be substituted for the corresponding differentials, the probable 
error in the calculation is 0-50%. = 

If the diameter of the water molecule be taken as 2:9 x 10° cm. 
(compare Jeans, “‘ Dynamical Theory of Gases ’’), the number of 
molecular layers in the adsorbed layer may be calculated. The 
only assumption made, other than that made in the determination 
of the diameter, is that each molecule in a monomolecular layer 
occupies a square area each side of which is equal in length to the 
molecular diameter. No assumption is necessary concerning the 
packing of one layer on another. The surface of the glass may be 
considered as a plane surface. The number of molecules in a single 
layer covering an area of 1 sq. cm. is 1/d?, where d is the diameter 
of the molecule. 

The number of layers in an adsorbed film will be NV /om. 2 Lid. 
If this value be denoted by 0, then 


6 = (p/T — p,/Ty) x 1972. 


Table I, column 3, gives the total number of molecules adsorbed 
per sq. cm. (NV/cm.?) at the temperatures 7° for each curve in Fig. 2; 
Table I, column 4, gives the thickness, 6, of the film in molecular 
layers. In Table I, No. 4, the initial reading at 298° abs. is that 
of a film the equilibrium pressure of which is equal to that of water 
in bulk. Such a film is produced when 2188 x 10!* molecules 
are adsorbed per sq. cm. 

The experimentally measured pressure on any curve in Fig. 2 
at any temperature is the equilibrium pressure between the film of 
water adsorbed on the glass surface and the water in the gaseous 
phase in the system. Taking as a standard state that of saturated 
water vapour at each temperature, it is possible to calculate from 


the experimental data the decrease of free energy, — AF, corre- 
sponding to the adsorbed film. These values of — AF are cal- 
culated from the well-known thermodynamic equation, — AF = 


RT log (p/p,), where p is the vapour pressure of water at T°, p, is the’ 
equilibrium pressure of the adsorbed film at the same temperature, — 
and Fk is the gas constant in calories per degree. The values of 


* 
, 
, ie 
ta 
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— AF in calories per mol. of water adsorbed are given, together 
with the corresponding temperatures and thicknesses of film, in 
Table I. 

The changes of free energy are shown graphically as a function 
of temperature in Fig. 3. It is evident from these curves that the 


Fie. 3. 


Glass—water. 


— AF in calories. 


150 


"1, 0 SS eed ! Mav LE GE) LAR 0 Mey, 


293 298: 303 308 313 318 323 328 
T° abs. 


free energy change accompanying the adsorption of water on glass 
is increasingly less for each new layer adsorbed. 

Further discussion of these results will be more fruitful after 
the results for the adsorption of water on platinum have been 
given. 
| 3H* 2 
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The Adsorption of Water on a Platinum Surface. 


By a modification of the apparatus, as shown in Fig. 1, the 
adsorption of water from the gas phase on the surface of platinum 
was studied. The tube A, Fig. 1, is cut from the apparatus and a 
platinum tube, constructed to given internal dimensions, is sealed. 
in its place. The volume is accurately determined before the tube 
is mounted in the apparatus. The inner surface of the platinum 
was polished, and thoroughly cleaned with concentrated nitric 
acid. The cleaning was completed by repeated washing with 
distilled water. The pointer F cannot be used in this pen 
as the zero position at constant volume. 4 

By the following method constant volume and constant adsorp- 
tion surface of platinum were maintained. One terminal of an 
accumulator is connected to a voltmeter which is in turn in electrical 
connexion with the platinum tube, the other terminal of the accu- 
mulator is in electrical connexion with the mercury in the reservoir 
attached to D. When the mercury is lowered in D, the voltmeter 
does not register, but as soon as the mercury is raised until it touches 
the bottom end of the platinum tube the electrical circuit is completed 
and the voltmeter registers. By careful adjustment it is possible 
by this means to maintain a constant volume within the system. 

The method of admitting water vapour to the system is identical 
with that already described. During each increase of temperature 
in a series of measurements, the mercury in F is raised a short 
distance into the platinum tube so that the water vapour does not 
adsorb on the glass surface of the tube F. When equilibrium has 
been established at the higher temperature, the mercury is carefully 
adjusted to the zero position and the pressure read as before. The 
methods of measuring the amounts of water adsorbed from the 
gas phase, and the calculations from the pressures measured, are 
in every case similar to those already described and need not be 
set out in detail here. The equation giving the free energy change — 
is that already employed. The dimensions of the platinum tube 
are different from those of the glass tube, the volume being 5-317 c.c. 
and the area of the internal surface 15-36 sq. cm. The introduction 
of these values into the other equations alters the value of the 
constants as given below. , 

The measurements of ‘pressure and the values of N/cm.?, 6, and 
— AF at the corresponding temperatures are given in columns 2, 
3, 4, and 5 respectively in Table IT. 


N /em.? = (p/T — p,/T) X 3-359 x 108. 6 = (p/T — p,/T 3) X 2824. 


The adsorbed film of water on a platinum surface the equilibrium 
pressure of which is equal to the vapour pressure of water is produced — 


i 
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TasueE II. 

N/em.? N/cm.? 
T° abs. pmm. x10“. @. —AF. T° abs. pmm. x10-4. 49, — AF. 

No. 1 No. 2 
293-5 18-01 265-3 22-3 0:0 296-0 21:07 278-8 23-4 0:0 
294-0 18-46 218-3 18-4 6-06 296-5 21:40 248-5 20-9 8-0 
295-0 19-10 151-2 12-7 22:0 297-0 21°88 194-8 16-3 13:0 
296-0 19-83 77-3 6-5 35°5 298-0 22-71 110:8 9-3 26-7 
297-0 20:32 30-2 2:5 57-0 299-0 23-17 67-2 5:6 50-5 
298-0 20-61 3:36 0-28 84:1 300:0 23-50 40:3 3°3 riety 
299-0 20-73 — a — 301:0 23-71 16-8 14 107-1 

- 301-0 20-88 — _- — 303-0 24-10 — — ee 

303-0 21-12 — — — 306:0 24:44 — — ale 
306-0 21-42 — — — 309-0 24-76 — — ser 
309:0 21-68 — — — 312-0 25-09 — —— be 

No. 3. No. 4 
296-5 21-70 315-7 26:5 0:0 298-0 23-76 309:0 26-0 0-0 
297-0 22:24 258-6 21:7 3°53 299°0 24-79 1814 15-2 8-6 
298:0 23-10 164-6 13-8 16-6 300-0 25-46 117-5 9-9 29°5 
299-0 23-70 114-2 9-6 36:9 302-0 26:29 43-66 3-6 80-3 
300:0 24:20 67-2 5:6 59-6 303-0 26:43 36-94 3-1 112-0 
301-0 24:57 33-6 2-8 85-6 306-0 27-04 — — a 
303-0 24:95 10:07 0°84 146-8 309-0 27-43 — = 
306:0 25-30 — — — 312-0 27-93 — — — 
309-0 25-79 — — — 
BPE PASTO Oo irate 

No. 5 No. 6 
299:0 25-21 285-5 24-0 0:0 300-0 26-74 325-8 26-4 0:0 
300:0 26:13 191:5 161 13-8 301:0 27-75 225-1 18-9 12-8 
301:0 26-84 120-9 10-2 32:8 302-0 28:89 107-5 9-0 23-5 
302-0 27-26 97-4 8-1 58-5 303-0 29-74 23-5 1-9 40-7 
B03°0 27:66 50-38 4-2 84:7 304:0 30-10 — — — 
306:0 28-20 23-51 1:9 177-6 306-0 30-27 — = Se 
309-0 28-68 — — — 309-0 30-80 —— — — 
312-0 28-99 — — 312:0 31-29 — — mee 

No. 7. No. 8 
3010 28°30 423-2 35-6 0-0 302-5 30-91 463-5 38-9 0:0 
302-0 29-77 272-1 22-9 55 303:0 31:50 399-7 33-6 5-4 
303:0 30:92 1545 13-0 17-3. 304-0 32:93 258-6 21-7 13-9 
3040 31:79 70°5 5-9 35-2 3050 34:10 141-1 11-8 27-2 
305-0 32-21 36:94 3:1 75-9 306-0 34:92 63:83 5-3 47-2 
306-0 32-66 — — — 307:0 35:31 33:59 2-8 74:8 
308:0 32-87 — — — 309-0 35-86 — = —> 
311-0 33-41 — — — 312:0 36-38 — — _— 
3140 33-76. — — — 315:0 36-88 — — — 
317:0 34:03 — — — 318-0 37-43 — — — 


according to varying temperatures when from 265-3 to 325-8 x 104 
molecules are adsorbed per sq. cm. The curves in Fig. 4 show the 
change in the equilibrium pressure of the film with varying thickness 
at constant temperature. The limiting pressure value of adsorption 
measurements at any one temperature is the normal vapour pressure 
of water at that temperature. Hence the highest pressure on each 
isotherm is the vapour pressure of water at that temperature. It 
is evident from the shape of these isothermal curves that they will 
all cut the ordinate axis at a finite pressure. It follows that below 
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these pressures measurable adsorption of the type studied here 
does not occur. These pressures where the adsorption first begins 
cannot be measured directly, but the extrapolation of these curves _ 
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would give this pressure. The value so obtained from the 298°- 
isotherm is 20-50 mm. The isotherms above 298° abs. will cut the 
pressure axis above this point. The extrapolation of the other 
curves is unwarranted. It is possible that a stable film of adsorbed | 
water is present on the platinum surface whose equilibrium pressure : 


ie. | 
a | 
ee | | 
iy 
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is too small to be measured by this means. If this is actually the 
case, the true value of the molecular thickness would be 6 + n, 
where » is the number of molecular layers in the stable film. How- 
ever, allowing for the possible existence of a stable film on the 
surface, we may still say that adsorption of the type studied here 
begins at a finite pressure. 

The adsorption on glass is much greater than on platinum. The 
free energy change accompanying adsorption on a glass surface 
is much greater than that on a platinum surface. 

The results given here are in good agreement with those of other 
investigators working at similar pressures and temperatures and 
with similar surfaces but by different methods. 

The best of these are probably those of Ihmori (loc. cit.), who 
studied the adsorption of water on a plane Jena glass surface. 
He states the thickness of the adsorbed film on a glass surface to 
be from 0:3 to 4:0 x 10% cm. Our results show the film to be from 
0-0 to 5-3 x 106 cm. thick. His value for platinum is from 0-0 to 
1-2 x 10° cm., whilst ours is 0:0 to 1:13 x 10° cm. Other investi- 
gators, working with powdered substances or with glass wool, 
have obtained consistently higher values than these. These large 
adsorption values are due to the difficulties involved in calculating 
the surface of a finely-powdered substance and to capillary and 
sorption effects. As the adsorption measured here is a reversible 
equilibrium, it cannot be due to solid solution or chemical combina- 
tion. 

This work is being extended by one of us to other surfaces and 
vapours. 

Summary. 
(1) A new-method has been devised for measuring the adsorption 
of vapours on solid surfaces. 

(2) The adsorption of water pe on a glass and a platinum 
surface has been studied. 

(3) The number of molecules adsorbed per sq. cm. has been 
accurately determined and this value for an adsorbed film, the 
equilibrium pressure of which is equal to that of the vapour 
pressure of water, has been determined for glass and platinum 
surfaces. 

(4) The change in free energy accompanying adsorption of water 
from the gaseous phase on glass and platinum surfaces at various 
temperatures and different numbers of molecules per sq. cm. 
adsorbed has been calculated. 

(5) The magnitudes of the adsorption of water from the gaseous 
phase on glass and on platinum surfaces have been Gort Dea quali- 
tatively. 
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(6) Experimental results show, in the case of water vapour on — 
a platinum surface, that this type of adsorption begins at a finite — 


pressure. 


The authors wish to express to Prof. F. G. Donnan their appre- 
ciation of the interest he has taken in this research. 
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CCIX.—A New Method of Diagnosing Potenhal 


Optical Activity. Part I. The Optical Achuity 
of Chlorobromomethanesulphonic Acid. 


By JoHN Reap and Ann Mortimer MoMATs. 


THE difficulty of obtaining satisfactory experimental evidence 
of the actual or potential existence of optically active forms, 
corresponding with enantiomorphous modifications, of substances 
possessing fewer than three carbon atoms in the molecule is well 
known. Despite repeated attempts on the part of numerous 
investigators, the accounts of which have doubtlessly remained 
to a large extent unpublished, it was not until forty years after 
the promulgation of Le Bel and van ’t Hoff’s theory of the spatial 
molecular configuration of carbon compounds that incontrovertible 
proot was forthcoming of the capacity of substances of such simple 
molecular constitution to exist in optically active enantiomorphous 
modifications. Even yet, chloroiodomethanesulphonic acid, 
CHCIL-SO3H, resolved into optically active components by Pope 
and Read in 1914 (J., 105, 811), provides the sole example of the 
existence of a one carbon-atom molecule in optically active modifi- 
cations. Since failure to resolve such simple asymmetrically con- 
stituted substances had been hitherto ascribed to their ready 


racemisation, the extraordinarily pronounced optical stability of — 


the active forms of chloroiodomethanesulphonic acid (loc. cit., 
p- 819) provided a striking and unexpected contrast to Swarts’ 
description of the presumed immediate racemisation of fluoro- 
chlorobromoacetic acid when liberated from combination with 
strychnine (Bull. Acad. roy. Belg., 1896, 34, 28; ‘‘ Mémoires 
couronnés,’’ 1896, 54), and Porcher’s account of the fleeting activity 
of chlorosulphoacetic acid (Bull. Soc. chim., 1903, 27, 438). 

Many seeming anomalies remained after the optical resolution 
of chloroiodomethanesulphoniec acid, one of the most striking being 
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the lack of success to resolve chlorobromomethanesulphonic acid 
(compare Pope and Read, J., 1908, 93, 797). This substance 
bears the closest conceivable constitutional relationship to chloro- 
iodomethanesulphonic acid, and also, as described below, forms a 
brucine salt distinguished by an almost identical sparing solubility. 
Nevertheless, repeated attempts to prepare optically active speci- 
mens of the bromo-acid or its salts by fractional precipitation with 
brucine, according to the method applied successfully to the iodo- 
acid, resulted in failure. In seeking a reason for this apparent 
‘anomaly, it appeared very improbable, in the light of the observ- 
ations recorded for the iodo-acid, that any explanation could be 
based upon extreme facility of racemisation; but before exploring 
other lines of inquiry it was felt advisable to submit this possibility 
to more stringent tests than have been’as yet applied in investig- 
ations of the kind. In further experiments with brucine and 
strychnine, the possible racemising action of heat and alkaline 
reagents was avoided as far as possible by producing the alkaloidal 
salts from aqueous solutions at the ordinary temperature and 
decomposing the various fractions with the minimum amount of 
cold dilute ammonia; no resolution, however, could be established 
in this way.* 

In view of the possible catalytic racemising action of water 
upon a presumed highly mobile asymmetric system, attempts were 
next made to carry out the processes as completely as possible in 
organic solvents. The very sparing solubility of the brucine salt 
appeared unfavourable for such a purpose, and eventually hydroxy- 
hydrindamine was selected as a base likely to yield a salt capable 
of ready fractional crystallisation from a suitable series of organic 
solvents (Pope and Read, J., 1912, 101, 760). Preliminary experi- 
ments showed that no resolution could be accomplished by using 
this base in aqueous solution. The salt prepared by mixing equiva- 
lent amounts of the free acid and /-hydroxyhydrindamine in presence 
of acetone containing traces of water crystallised without difficulty, 
and exhibited two widely distinct kinds of crystals at the first 
recrystallisation from this solvent: a preliminary separation of 
compact, glistening plates was succeeded in the supernatant mother- 
liquor by a radiating mass of long, silky needles; and upon carrying 
out a lengthy fractional crystallisation these two forms recurred, 

* These experiments, carried out at intervals over a long period but 
hitherto unpublished owing to the inconclusive results, were completed 
prior to the publication of the recent paper by Backer and Burgers (this 
vol., p. 233) describing the successful adoption of very similar precautions 
in the apparently partial optical resolution of chlorosulphoacetic acid. The 


ehlorobromomethanesulphonic acid used in the preliminary work was kindly 
made available several years ago by Sir William Pope. 
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any ‘particular fraction consisting as a rule of one type only. The 
plates, when carefully recrystallised from acetone, separated in — 
magnificent and highly lustrous crystals of tabular habit; whilst 
the needles maintained their characteristics when recrystallised _ 
from glacial acetic acid: the description below indicates their 
widely different morphological characteristics. Further examin- 
ation disclosed the remarkable fact that the needles when re- 
crystallised from acetone of ordinary purity separated mainly in 
the tabular form, whilst the plates when recrystallised from glacial — 
acetic acid yielded nothing but needles; moreover, both kinds of 
crystals decomposed at practically the same temperature (187°), 
although the tabular form exhibited a preliminary change in 
appearance well below this point (160°). The relationship would 
therefore be ascribed in the ordinary way to the occurrence of 
dimorphism; and, indeed, the general appearance of the two 
kinds of crystals in the original separation was strongly reminiscent 
of the dimorphic forms of p-bromoacetanilide, as pictured by 
Chattaway and Lambert (J., 1915, 107, 1766). Upon fuller examin- 
ation, however, the plates and needles, although both giving a 
molecular rotatory power in dilute aqueous solution equivalent 
to that of the basic ion, were found to display widely different 
rotatory powers in organic solvents. Further, the plates, which 
gave the higher numerical values, exhibited marked downward 
mutarotation * in these solvents, the final value being in each 
case practically identical with the value observed for the needles 
in the same solvent. No mutarotation was evident in aqueous 
solution. Of all the organic solvents available, the plates gave 
the highest numerical values in pure dry acetone; moreover, the 
needles, which otherwise displayed little tendency towards muta- 
rotation, showed a rapid upward change in this solvent until the 
attainment of the final value given by the plates in the same solvent. 
In all instances, the crystalline residues obtained by ordinary 
evaporation of the above solutions on the water-bath gave the 
rotatory powers characteristic of the needles, when redissolved 
in the various solvents indicated. 

After further investigations, described below, these results were 
interpreted by assuming that the plates and needles represent 
salts of /-hydroxyhydrindamine with /- and dl-chlorobromomethane- 
sulphonic acid, respectively. The main measurements of mole- 
cular rotatory power may now be summarised in the following 


rf ? 


* For the sake of brevity the term “‘ mutarotation”’ is used throughout 
this paper to denote the observed progressive changes in rotatory power, — 
although possibly it would be preferable to use a distinctive word for changes 
of the special nature lLere concerned. | 
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table, in which the above salts are designated by the respective 
symbols (BLA and [BdlA : 


Salt /B/7A. Salt 1BdlA. Calculated M[a1, 
Original Final Original Final for 
Solvent. M{al,. M[al,. M[al],. M{a],. lA. * ~ TBdA. 
Methyl alcohol 
(absolute) ...... — 180° —71° —71° —71° —109° ++88° 
Ethyl alcohol 
PIPGIZ) OS.. —180 —90 —75 —83 —105 +30 
Acetone (pure 
._ anhydrous) ... —256 —187 —71 —187 —185 +114 
Glacial acetic 
BRD E TI dein sce —184 — 66 —59 —59 —125 + 66 
ee — 60 — 60 — 60 — 60 — — 


The values in water are practically coincident with the value 
+60-5° recorded for the basic ion in dilute aqueous solution (J., 
1912, 101, 770). 2 

It has been observed that the active hydroxyhydrindamines, 
more particularly in combination with weak acids, exhibit muta- 
rotation in certain organic solvents (loc. cit., p. 759); but the 
slight changes recorded below for /-hydroxyhydrindamine benzene- 
sulphonate and d-hydroxyhydrindamine acetate disclose no simil- 
arity to the very sharply defined changes now under discussion. 
Further, the quantitative relationships explained below and the 
fact that marked differences persist in new salts prepared from 
the two /-hydroxyhydrindamine salts by displacement of the base 
do not permit of the mutarotation being referred to tautomeric 
change on the part either of the base or the acid. 

In order to account for the experimental observations described 
in this paper we revert to the original view that asymmetric carbon 
compounds of simple molecular constitution are as a rule exceed- 
ingly susceptible to racemisation, owing to the mobility of the ’ 
groups attached to the asymmetric atom. Moreover, we now 
advance the new idea, as applied to such compounds, that facile 
racemisation involves the complementary possibility of equally 
facile optical stabilisation, or ‘‘ deracemisation,” under appropriate 
conditions. Thus, a very labile asymmetric molecule, when sub- 
mitted to a suitable asymmetric influence, will be transformed 
more or less completely into one of the two possible active modi- 
fications; but when the asymmetric influence is removed, the 
form present in excess will undergo auto-racemisation. In the 
example under notice, the most effective asymmetric influence 
yet discovered is provided by optically active hydroxyhydrindamine 
in acetone solution: the /-base transforms the dl-acid largely to 
l-acid, whilst the d-base transforms it in the same proportion to 
d-acid. An equilibrium is thus set up in the solution between 


1576 READ AND MCMATH: A NEW METHOD OF 


the diastereoisomeric salts JBLA and IBdA (or dBdA and dBIA), | 
greatly to the advantage of the former. Upon dissolving the pure — 
solid salt, JBLA (or dBdA), in various other organic solvents, a 
more or less rapid racemisation of the active acid occurs, resulting 
as a rule in the complete, or almost complete, conversion of the 
salt LBLA (or dBdA) into the partially racemic salt 1BdlA (or dBdlA) ; 
moreover, it has been shown that the racemisation is accelerated 
remarkably by the addition of small quantities of water to the 
solvent. Thus, in 99-5% ethyl alcohol the downward mutarotation 
extended over a period of 23 hours, whereas in 90% ethyl alcohol 
it was complete in 12 minutes. 

All the recorded observations were made at the wectielaites tem- 
perature, and the only solvents submitted to special purification 
were methyl alcohol and acetone for use in making standard deter- 
minations of optical rotatory power. For purposes of recrystallis- 
ation, acetone of the purity necessary for ordinary analytical 
operations was used. More detailed observations, involving the 
use of carefully purified solvents at a constant temperature and a 
study of the effect of water and other catalysts, will be carried out 
in due course. 

The results recorded for solutions in 99-5°% ethyl alcohol and 
glacial acetic acid suggest that even in these solvents a state of 
equilibrium is attained between the salts /BlA and IBdA, which 
does not correspond with the presence of equimolecular propor- 
tions of the two salts. Thus, in 99-5°% ethyl alcohol, the value 
of M[«]p for the pure salt [BIA declined from — 180° to — 90°, 
whilst the value for /BdlA rose from — 75° to — 83°. Accepting 
— 90° as the equilibrium value, and — 180° as the value for the 
pure salt /B1A, this observation corresponds with an optical equi- 
librium mixture composed of 57% of IBlA and 43% of LBdA, or 
14% of [BIA and 86% of IBdlA. The values observed in pure dry 
acetone solution leave no doubt as to the existence in this solvent 
of an equilibrium between the two diastereoisomeric salts, 1BlA 
and /bdA, the former predominating considerably in amount. 
Equilibrium is attained in this solvent with great rapidity from 
either side. The salt JB1A showed a downward mutarotation from 
the original value M[«]p = — 256° until the attainment of the 
equilibrium value, M[«], = — 187°, in about an hour; on the other 
hand, the partially racemic salt, [BdlA, exhibited an upward 
mutarotation from the original value, M[a«a]) = — 71°, to the 
same equilibrium value. The upward change appeared to take 
slightly longer than the downward one, but more refined measure- 
ments will be needed to establish this point definitely. The curves 
in Fig. 2 illustrate the main trend of these and other changes. 
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It is thus clear that in acetone solutions of the concentrations 
examined, the diastereoisomeric salts, JBJA and IBdA (or dBdA 
and dBlA), exist in dynamic equilibrium at the ordinary tem- 
perature in the proportion of about 81° of the former to 19% 
of the latter, and that by careful crystallisation the whole of the 
original dl-acid may be obtained in the form /BlA (or dBdA). In 
effect, although not strictly in accordance with definition, this 
result is tantamount to a partial asymmetric synthesis with com- 
plete theoretical efficiency. ‘The following schemes represent (i) the 
usual course of events in the optical resolution of an externally 
compensated acid by a levorotatory base, and (ii) the optical 
resolution of dl-chlorobromomethanesulphonic acid by /-hydroxy- 
hydrindamine in acetone solution, under the conditions indicated : 


(i) 21B + dAlIA =IBIA + IBdA. 


50% 50% 
(ii) 2B + dAlA = IBIA —» IBAA. 
BIOL ns ab 19% 


No displacement in the equilibrium was observed on diluting the 
solution in pure acetone from about 0:6 to 0-15%. 

The progress of the separation of crystals of l-hydroxyhydrind- 
amine /-chlorobromomethanesulphonate from a solution in ordinary 
acetone of l-hydroxyhydrindamine dl-chlorobromomethanesulphon- 
ate was traced by a periodical examination, during the crystallis- 
ation, of the salt remaining in the mother-liquor: the-results 
showed that, in accordance with anticipation, the mother-liquor 
contained a large excess of the salt JBlA throughout the process. 
The lowest value observed for the residual dissolved salt was 
— 122°, corresponding with a mixture of 64° of IBIA with 36% 
of /BdA, notwithstanding the presence of traces of water in the 
acetone. 

Owing to the insolubility of the salts in benzene, chloroform, 
etc., no observations have yet been practicable in non-miscible 
solvents. Neither of the salts exhibited any change in optical 
rotatory power when heated at 110° for 2 hours, but the salt LBlA 
showed a marked decline, indicative of partial racemisation, when 
kept at 160° for } hour. The tabular crystals of this salt lose 
their transparency when kept, but as yet no accompanying change 
in the rotatory power of the dissolved substance has been noticed. 

By subtracting the molecular rotatory power of the salt lBdlA 
from that of the salt 1BLA, determined in the same solvent under 
precisely similar conditions, a value is obtained for the molecular 
rotation exerted by the acid part of the molecule of the second 
salt; the values recorded in the fifth column of the above table 
were calculated in this way. The values given in the last column 


1578 READ AND MCMATH: A NEW METHOD OF 


for the salt JBdA have also been deduced algebraically from the - 
values observed for the same two salts, listed respectively in the | 
first and third columns. It is not desired to emphasise unduly 
the numerical significance of the values thus derived, nor to com- 
pare them in point of precision with ionic values; yet, in view of 
their common method of derivation, they afford an indication of 
the relative order of magnitude of corresponding molecular rotatory. 
powers in different solvents. Moreover, results of great interest 
have been obtained by comparing the values for chlorobromo-. 
methanesulphonic acid with values derived in a similar way for 
chloroiodomethanesulphonic acid. For this purpose, determin- 
ations of the molecular rotatory powers, hitherto unavailable, of 
d- and l-hydroxyhydrindamine d-chloroiodomethanesulphonate were 
made in absolute methyl alcohol, glacial acetic acid, and acetone, 
-in solutions having a concentration of about 1%. These two 
salts were prepared for the purpose from a specimen of barium 
é-chloroiodomethanesulphonate having M[a]) = + 37-7° in 1% 
aqueous solution, and neither of the salts was purified by fractional 
crystallisation. No mutarotation was observed in any instance. 
The observed and derived values immediately concerned are 
tabulated below : 


MéM{a], of hydroxyhydrindamine M{a], derived 
salt of for 
ASTM ROOT RRgTE Name A ee 
Bromo-acid. Iodo-acid. Bromo- _[odo- 
Solvent. LBIA. LBdlA. aBda. LBdA. acid. acid. 
Methyl alcohol 
(absolute) ...... — 180° —71° ++ 122° ‘—35° — 109° +44° 
Glacial acetic 
TET alliage | — 184 —59 +118 —27 —125 +46 
Acetone (pure) . —256 —7) +192 —42 —185 +75 


Thus, for both acids, the salts dAdB (or LAIB) yield the highest 
molecular rotatory power in acetone, whilst the values in methyl 
alcohol and acetic acid are considerably lower and practically 
identical in each instance for the two solvents. The ratio between 
the derived values of M[«]p given in the last two columns is 2-5/1 
in methyl alcohol, 2-7/1 in acetic acid, and 2-5/1 in acetone. Adopt- 
ing a mean ratio 2-6/1, the calculated molecular rotatory power of 
the ion of chlorobromomethanesulphonic acid in dilute aqueous 
solution would thus be M[«]p = + 98°, based on the corresponding 
value observed for the ion of the iodo-acid, namely, M[a]p) = 37-7°, 
noted above. 

Although chloroiodomethanesulphonic acid may not yet have 
been obtained optically pure, it is evident that a remarkable en- 
hancement of molecular rotatory power attends the substitution 
of bromine for iodine in this simple molecule, and it will be a matter 
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of considerable interest to trace the quantitative optical effect of 
similar substitutions by means of a further application of the 
method now indicated. 

The relationship just elucidated between the molecular rotatory 
powers of the hydroxyhydrindamine salts of these two acids appears 
even more striking when it is added that prior to making the above 
determinations of rotatory power for the salts of the iodo-acid we 
had failed to notice any downward mutarotation of /-hydroxy- 
hydrindamine /-chlorobromomethanesulphonate when dissolved in 
acetone of ordinary purity. The constant value M[a])p = — 158°, 
originally observed, was thus assumed to represent the molecular 
rotatory power of the pure salt /BlA in acetone. This value, taken 
in conjunction with the original value observed in the same solvent 
for the salt LBdlA (— 93°), led to the derived value M[«]p.= — 64° 
for 1A, whereas the above ratio 2-6/1 indicated M[a]) = — 194°. . 
It seemed likely, therefore, that the value for the pure salt IB/A 
was very much higher than M[«], = — 158°, and that the latter 
value had been attained through a rapid downward mutarotation 
to a point of equilibrium prior to polarimetric examination. By 
using scrupulously purified acetone and making the first polari- 
metric observation within 3 minutes of the first contact of solid 
with solvent, we were eventually successful in obtaining an initial 
value of M[«], = — 256° for this salt, and in detecting the antici- 
pated rapid fall to the equilibrium value; moreover, the initial 
value for the pure salt 1BdlA was reduced in a similar way from 
— 93° to — 71°. The value of M[«]) for 1A thereby became 
— 186°, in place of the value — 64° first deduced, and thus approxim- 
ated very closely to the anticipated value, — 194°. 

The optical effect of configuration (I) thus appears to be numeric- 
ally about 2-6 times as great as that of (II), and the high values 
observed in the present investigation also exhibit a notable contrast 
to the feeble optical activity recorded for 4-chloro-1-methylcyclo- 
hexyl-4-chlorobromoacetic acid and 4-chloro-1-methyl-4-chloro- 
bromomethylcyclohexane (M[«]p = 3° and 0-9°, respectively, in 
ethyl alcohol; see, Perkin and Pope, J., 1911, 99, 1527), which 
may be derived theoretically from configuration (I) by replacing 
the simple group SO,H by a large complex radical,-R (IIT) : 


Cl ol cl 
H-C-S03H. H-Cs OH H-C-R 
Br I Br 
(I.) (IL.) (IIL.) 


It is suggested that the low molecular rotatory powers exhibited 
by configurations (II) and (III) may be due largely to a steric 
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effect : comparing (I) and (II), the substitution of I for Br would 
leave less of the environment of the carbon atom available for 
H, Cl, and SO,H; whilst, comparing (I) and (III), the substitution 
of R for SO,H would lead to a still more pronounced curtailment 
of the space available for H, Cl, and Br. It will be interesting 
to investigate this idea further by the examination of other asym- 
metric substances of analogous constitution. 

When separated from the optically active base, chlorobromo- 
methanesulphonic acid racemises with extreme ease. Although 
the asymmetric influence of the base enables a distinctive crystalline 
6-naphthylamine salt to be isolated from 1-hydroxyhydrindamine 
/-chlorobromomethanesulphonate, in admixture with ®-naphthy]- 
amine dissolved in glacial acetic acid, the salt shows no optical 
activity immediately after solution in organic solvents, and when 
recovered from the solvent has undergone transformation into 
the @-naphthylamine salt deposited directly from a mixture of 
@-naphthylamine and /-hydroxyhydrindamine dl-chlorobromometh- 
anesulphonate in glacial acetic acid. 

Extremely interesting results were obtained by precipitating 
the various hydroxyhydrindamine salts by the addition of brucine 
acetate in acetone solution. The salt BIA yielded a dextro- 
rotatory brucine salt which gave a maximum original value of 
[x]> = + 68° in glacial acetic acid solution, changing rapidly 
to a maximum levorotation of [«]) = — 10-4°. The corresponding 
values for the brucine salt precipitated from the salt 1BdlA were 
— 8-0° and — 1]-2°, respectively. The dextrorotation of the 
brucine salt 1BlA was also established in acetone solution. Since 
it transpired that salts of brucine with inactive acids of closely 
related constitution evinced no measurable optical activity when 
dissolved in glacial acetic acid under similar conditions, the optical 
effects noticed in the above determinations must be ascribed to 
the chlorobromomethanesulphonie acid. Two important points 
then emerge. In the first place, the brucine salts, like the hydroxy- 
hydrindamine salts, exhibit mutarotation, in this instance rising 
in a levo-sense in glacial acetic acid; so that, unlike J-hydroxy-— 
hydrindamine, brucine appears to stabilise a pronounced excess of 
the levo-modification of the acid in glacial acetic acid solution. 
Secondly, the exchange of bases appears to be accompanied by 
optical inversion on the part of the acid. In the latter event, it 
was anticipated that d-hydroxyhydrindamine d-chlorobromo- 
methanesulphonate, although containing the dextrorotatory acid, 
would fail to yield a dextrorotatory brucine salt. A further experi- 
ment confirmed this supposition, the first value observed for this 
brucine salt being [«]p = — 6-6°, rising in 90 minutes to a maxi- 
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mum value of — 10-0°. These curious phenomena of optical 
inversion, reminiscent in some ways of the Walden change, will be 
submitted to further investigation; but, in general, polarimetric 
observations on the brucine salts are rendered difficult owing to 
their very sparing solubility, and consequent small optical rotation, 
even in glacial acetic acid. The application of heat is necessary 
to effect solution, and in all instances this process occasions muta- 
rotation towards zero, since the active brucine salts lose their 
rotatory power completely when heated on the water-bath in 
glacial acetic acid solution for 2 or 3 hours. In the course of the 
investigation of the brucine salts of chlorobromomethanesul phonic 
acid, evidence was obtained indicating that the salt of the inactive 
acid is the least soluble of the various salts or mixtures of salts 
possible : it would therefore be impracticable in any case to resolve 
the acid by fractional precipitation with this base. 

By using d-hydroxyhydrindamine the salts dBbdA and dBdlA 
were readily prepared in a similar manner, and these were proved 
experimentally to be respectively enantiomorphous with the above- 
mentioned salts /B1A and lbdlA. By mixing equal weights of 
dbdA and lbdiA in absolute methyl alcohol, and thus annulling 
the optical rotation due to the basic portions of the molecules, it 
was possible to demonstrate a slowly fading optical activity on the 
part of the acid present. The first value observed, M[a], = + 49°, 
agrees well with the calculated value, + 108°/2. Chlorobromo- 
methanesulphonic acid is thus the simplest substance which has 
yet been proved capable of exhibiting optical activity in the amor- 
phous condition. The activity vanished completely in 32 hours, 
the racemisation being much more rapid than in the case of the 
salt dBdA (or IBIA), in which a powerful restraint appears to be 
exerted on the process by the full equivalent of d- (or [-) base 
present. 

According to the views which have now found mention, the 
production of two wholly racemic salts might be anticipated, one 
of which would separate on mixing either salt of the d-base with 
either salt of the /-base in acetone, and the other of which would 
be deposited by crystallising a similar mixture from glacial acetic 
acid. These expectations were realised, the first racemate, 
LBIA .dBdA, crystallising in glassy prisms, and the second, 
LBIA,IBdA .dBdA,dBIA, in short, glistening needles. Morphologic- 
ally, the racemates resemble the component salts very closely, but 
are more soluble and have lower melting points. 

Close parallels to the results now brought forward are to be 
discerned in the work of McKenzie and Smith (J., 1923, 123, 1962; 
1924, 125, 1582) on catalytic racemisation. These authors have 
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shown, for example, that J-menthyl d-phenylchloroacetate, through 
the catalytic action of a drop of alcoholic alkali, passes into an 
equilibrium mixture containing a preponderating amount of 


4 


t 


l-menthyl /-phenylchloroacetate. They have also established (Ber., | 


1925, 58, 894) the directing influence of an optically active terpene 


group in converting a mixture of equal amounts of diastereoisomeric¢ | 
menthyl (or bornyl) esters quantitatively into a mixture of unequal | 


amounts of the same esters; thus, the addition of a trace of alcoholic 


alkali to a mixture of equal quantities of /-menthyl d-phenylchloro- | 
acetate and /-menthyl /-phenylchloroacetate causes the latter ester 
to preponderate (57%) without any analytical separation having 


been effected. Similarly, in the present investigation it appears 
that water exerts a powerful catalytic action which in most solvents 
results in the final production of equal, or very nearly equal, amounts 
of the two diastereoisomeric salts, JBIA and IBdA (or dBdA and 
dBIA); in acetone solution, however, the equilibrium is displaced 
strongly in favour of the first salt, and the actual position of the 
equilibrium would appear to be influenced inter alia by the amount 


of water present. It seems likely that in all instances the asym-— 


metric directing influence of the optically active hydroxyhydrind- 
amine becomes operative through the interposition of a catalytic 
agent, which may well prove to be water, even in the carefully 
dried acetone used in making the more refined observations recorded 
herewith. . 

An example of the general principle we now outlined for simple 


asymmetric carbon compounds is provided in the case of the asym- 


metric tin atom by the well-known investigations of Pope and 
Peachey on methylethylpropylstannonium d-camphorsulphonate 
and d-bromocamphorsulphonate : evaporation of aqueous solutions 
of these salts led in each instance to the deposition of the single 
substance, dBdA, owing to progressive racemisation of the salt 
remaining in the mother-liquor (P., 1900, 16, 42, 116; compare 
also Mills and Bain, J., 1910, 97, 1866). In the case of the active 
salts JBlIA and dBdA now under consideration, a partly racemic 
salt of the type J(or d)BdlA was usually left upon evaporating 
solutions in acetone containing a little water, although under 
certain conditions an excess of the original salt was found in the 
residue. ‘The deposited salts of the tin compound were, however, 
characterised by sparing solubility, whereas with the hydroxy- 
hydrindamine chlorobromomethanesulphonates no deposition occurs 
from warm acetone containing small amounts of water until most 
of the solvent has volatilised. No evidence has been adduced of 
the stabilisation of an excess of one form of the optically active 


stannonium compound in solution, the mother-liquor of the salt 
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dBdA being apparently a solution of the partial racemate diBdA ; 
the solvent concerned in this instance, however, is water, which 
instantly racemises d- or J/-chlorobromomethanesulphonic acid, 
even when combined with optically active hydroxyhydrindamine. 

The conception of extreme mobility of the simple atoms or 
groups attached to an isolated carbon atom also accords with 
Le Bel’s hypothesis of a similar mobility of groups in asymmetric 
quinquevalent nitrogen compounds of simple molecular consti- 
tution, and with the observations of A. Werner and others on 
the ready racemisation of asymmetric assemblages associated with 
isolated atoms of cobalt, chromium, etc. Further, it affords an 
explanation of the difficulties experienced in preparing optically 
active substances containing fewer than three carbon atoms in 
the molecule, and is in agreement with the fugitive optical activity 
in aqueous solution of chlorosulphoacetic acid and its salts, 
indicated by Porcher (loc. cit.) and recently demonstrated by 
Backer and Burgers (this vol., p. 233). Incidentally, the sugges- 
tion that the variations in rotatory power shown by different 
fractions of the normal d-hydroxyhydrindamine salt of this acid 
indicated its partial resolution is also upheld (Pope and Read, 
J., 1914, 105, 814). We anticipate that asymmetric compounds 
containing two carbon atoms in the molecule will also display 
phenomena of the kind now described, and thus lend themselves 
to preparation for the first time in optically pure combinations 
by treatment with optically active bases in organic solvents. 
Through a systematic application of the method to asymmetric 
compounds of simple molecular constitution, it is hoped to gather 
much new information respecting the comparative mobility of 
groups in systems of the kind. 

It seems worthy of note that in the case of the optically active 
tin derivatives prepared by Pope and Peachey, the two dextro- 
rotatory acids employed each imposed a dextrorotatory orientation 
upon the asymmetric complex involved. Similarly, in the present 
investigation, dextrorotatory hydroxyhydrindamine gives rise to 
dextrorotatory chlorobromomethanesulphonic acid, whilst levo- 
rotatory hydroxyhydrindamine and levorotatory brucine each 
favour a levorotatory configuration of the associated asymmetric 
system.. It will be interesting to ascertain whether any general- 
isation is possible on this basis, especially in view of the fact, to 
which attention may be directed, that in the closely related process 
of partial asymmetric synthesis the optically active product exhibits 
in the great majority of instances the same sense of rotation as 
the directive asymmetric system. Thus, /-brucine hydrogen methy]- 
ethylmalonate yields an excess of the J-valerate when heated 
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(Marckwald, Ber., 1904, 37, 349); J-menthyl benzoylformate upon. 
reduction gives an excess of the /-mandelate, and upon treatment 
with magnesium methyl iodide an excess of J-phenylmethylgly- 
collate; whilst from /-menthyl pyruvate a levorotatory lactic acid. 
may be prepared by reduction; moreover, the /-bornyl group 
sometimes exerts a less pronounced asymmetric influence than 
the more highly levorotatory J-menthyl group (McKenzie, J., 
1904, 85, 1249; 1905, 87, 1373; 1906, 89, 365 and 688). The 
results now described afford a very definite indication of the pro- 
found influence which may be exerted by an optically active nucleus 
upon an associated potentially active system, and provide a close 
parallel to the quantitative partial asymmetric syntheses which 
appear to occur in nature. Moreover, in our opinion, substances 
possessing the readily controlled asymmetric mobility evinced by 
chlorobromomethanesulphonic acid are much more likely to be 
amenable to processes of complete asymmetric synthesis, accom- 
plished in the absence of optically active material, than any asym- 
metric substances yet investigated with this object in view. We 
propose to submit this new idea to practical tests at a later stage 
in these investigations. 

The enormous difference in optical stability between chloro- 
bromomethanesulphonic acid and chloroiodomethanesulphonic acid 
could not have been predicted, and is difficult to explain. In 
both instances the great resistance offered to alkaline hydrolysis 
is worthy of remark. The distinction may possibly be determined 
to some degree by the greater atomic volume, lower mobility, and 
less active chemical nature of iodine as compared with bromine. 
Possibly also the different affinity value, evidenced by the form- 
ation of such derivatives as Ph-ICl,, has a bearing upon the matter. 
It is hoped to gather further evidence by an examination of the 
remaining dihalogenomethanesulphonic acids and various closely 
related substances. : 

In continuing this series of investigations, we reserve the applic- 
ation of the method described not only to compounds of the simple 
molecular constitution indicated above, but also to other types of 
organic derivatives which may be conceived to possess potential 
optical activity associated with high mobility of the asymmetric 
system and therefore unrecognisable by any of the methods hitherto 
utilised. The exceedingly delicate diagnostic method we now 
describe may well lead to the discovery of optical activity on the 
part of organic types which, like chlorobromomethanesulphonic 
acid, have as yet resisted all attempts at optical resolution. 
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EXPERIMENTAL. 


Preparation of di-Chlorobromomethanesulphonic Acid.—The crude 
barium salt was prepared in the manner described by Andreasch 
(Monatsh., 1887, 7, 159), by heating barium chlorosulphoacetate 
to 120—130° in a sealed tube for several hours with bromine (1 mol.) 
and a little water. Chloromethanesulphonic acid and other im- 
purities were eliminated by taking advantage of the sparing solu- 
bility of brucine chlorobromomethanesulphonate. To a warm 
aqueous solution of the recrystallised barium salt was added a 
similar solution containing one-third the calculated quantity of 
brucine acetate or brucine hydrochloride. For an amount of salt 
corresponding to 30 g. of the acid a total volume of about 500 c.e. 
was found suitable. After keeping for several hours the crystalline 
separation of brucine salt was collected and washed well with 
cold water, whilst the filtrate was treated in a similar way with a 
like amount of brucine. Both separations consisted of pure brucine 
chlorobromomethanesulphonate; practically two-thirds of the 
original acid was obtained in this form, the remaining one-third 
being rejected. The brucine salt forms minute, glistening needles, 
which decompose at 275°. It is practically insoluble in all the 
ordinary solvents, the most favourable being boiling glacial acetic 
acid (Found: C, 47-6; H, 4:3. C,,H,,0,N,CIBrS requires ©, 47-7; 
H, 4:6%). 

For purposes of further work the brucine salt was mixed with 
cold water and shaken with an excess of dilute ammonia, the 
brucine being extracted with chloroform; evaporation of the 
aqueous liquid furnished the pure ammonium salt. No optical 
activity could be established with specimens of the salt prepared 
in this way. The ammonium salt is freely soluble in water or 
alcohol and sparingly soluble in warm acetone. It is best crystallised 
from hot glacial acetic acid, in which it is moderately soluble; it 
forms glistening plates, m. p. 205° (decomp.) (Found: NH, 7-6, 
7-7. CH;O,NCIBrS requires NHs, 7:59). When the salt was 
heated under reflux for 2 hours with an excess of 10° aqueous 
sodium hydroxide solution, hydrolysis occurred to a slight extent 
only, the proportion of halogen removed being less than 2°% of 
the total amount present. 

Treatment of dl-Chlorobromomethanesulphonic Acid with |-Hydroxy- 
hydrindamine in Acetone Solution.—An aqueous solution containing 
14-7 g. of pure dl-chlorobromomethanesulphonic acid was evapor- 
ated as completely as possible on the water-bath in an open dish. 
Upon covering the partly crystalline mass with acetone (15 c.c.) 
and stirring in solid /-hydroxyhydrindamine (10-4 g.; 1 mol.), a 
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thick homogeneous liquid was produced, and when the stirring | 
was continued for a short time on the water-bath the whole mass 
suddenly crystallised. The slightly brown, crystalline mass weighed 
25:1 g. when dry. It was very soluble in water, ethyl alcohol, or 
methyl alcohol, moderately soluble in boiling acetone, sparingly 
soluble in ethyl acetate, and practically insoluble in ether, benzene, 
chloroform, light petroleum, etc. 

A solution of the dry product in boiling acetone of ordinary 
purity (about 275 c.c.) and a small quantity of methyl alcohol 
was filtered and allowed to crystallise. The crystalline separation 
which accrued overnight (11 g.) consisted mainly of large, well-_ 
defined, glistening plates, but the upper part of the mother-liquor 
was filled with long, radiating needles. The latter dissolved readily 
when the fraction was separated and warmed with acetone; the 
undissolved residue (5-4 g.) was composed entirely of plates, which 
when freshly dissolved in cold methyl alcohol to form a 2-5% 
solution gave [a]p = — 48-2°, whence M[«]p = — 173°, calculated 
for hydroxyhydrindamine chlorobromomethanesulphonate. The 
combined mother-liquors were concentrated, and the ensuing 
crystalline separation was subjected to a prolonged systematic 
fractional crystallisation from hot acetone, to which a little methyl 
alcohol was added when necessary. As a result, two distinct 
kinds of fractions were obtained, one consisting of plates and the 
other of needles. The plates predominated in the earlier fractions, 
although occasionally these yielded needles. Mother-liquors which 
had been repeatedly concentrated yielded needles more frequently 
than plates, especially when it was found necessary to accelerate — 
the deposition of crystals by the addition of ether. The bulk of 
the material from the fractionation was obtained in the form of 
plates, although of seventeen fractions eight consisted wholly of 
plates and seven wholly of needles. The two kinds of crystals 
showed little distinction in melting point, but possessed char- 
acteristic optical rotatory powers when dissolved in organic solvents. 
Ordinary methyl alcohol was used as solvent in all the preliminary 
determinations, and the following typical result may be quoted 
for the plates: 0-2573 g., dissolved in methyl alcohol and made 
up to 20-0. c.c. at the ordinary temperature, gave ap = — 1-24° 
when examined at once in a 2-dem. tube, whence [«|p = — 48-2°, 
and M[«]p = — 173°, calculated for hydroxyhydrindamine chloro- 
bromomethanesulphonate. Other determinations of M[a]p re- 
corded for similar fractions were — 176°, — 172°, — 173°, and 
— 172°. In the case of a typical fraction composed of needles, 
0-2550 g. when dissolved and examined under similar conditions 
gave op — —0-51°, whence [a], = — 20-0°, and M[«]p = — 72°. 
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Of the results yielded by other fractions of the same kind, the 


following may be quoted as representative: M[a],) = — 72°, 
— 73°, — 72°, and — 73°. Of the seventeen fractions examined, 
only two gave intermediate values, namely, M[a]) = — 119° and 


— 92°, respectively : both these fractions were obtained by evapor- 
ating the solvent to dryness on the water-bath and inoculating the 
warm liquid mass with a crystal of the higher rotatory power. 
The final mother-liquor was dark in colour, and upon evaporation 
yielded a dark and somewhat tarry residue. By conversion to 
brucine salt and subsequent careful treatment with cold dilute 
ammonia, a somewhat brown specimen (1 g.) of ammonium chloro- 
bromomethanesulphonate was prepared from the final residue; 
this was optically inactive in 3-5°/, aqueous solution when examined 
polarimetrically in a 2-dem. tube in sodium light. 

For the reasons stated above, the plates and needles were regarded 
as the /-hydroxyhydrindamine salts of /-chlorobromomethanesul- 
phonic acid and di-chlorobromomethanesulphonic acid, respectively. 

1-Hydroxyhydrindamine 1-Chlorobromomethanesulphonate, 

C,H,,ON-CHCIBr-SO,H.— 

The various fractions of this salt obtained in the course of the 
fractional crystallisation were mixed and recrystallised from warm 
acetone containing a small quantity of methyl alcohol. No differ- 
ence was apparent in the properties of the substance after this 
treatment. Under the proper conditions the salt crystallises with 
remarkable facility and may be readily obtained in lustrous, tabular 
crystals, measuring up to 1 cm. in length. Through the courtesy 
of Mr. T. V. Barker, the following crystallographic description 
and goniometric characterisation of the substance have been kindly 
furnished by Miss Marie Bentivoglio, of the Department of Miner- 
alogy, University of Oxford, to whom we express our grateful 
thanks : | 

“l-Hydroxyhydrindamine /-chlorobromomethanesulphonate forms 
colourless crystals which become opaque when kept for a few 
weeks. The habit is tabular, parallel to a (100); sometimes two 
q(Oll) faces are large and two prisms suppressed, so that the 
crystal appears polar. 

“ The crystals belong to the monoclinic system, and the elements 
are @:b:c = 1-3246:1:1-0780; 6 = 114° 19’. 

“The forms present are a, p, c, r, ¢ (Fig. 1), and these have 
the following values : 


a (100). p (110). c (001). q (011). “r (101). 
ee... 90° 0 *39° 39’ 90° 0’ aS? OT" 90° 0’ 
Has. 20 0 90 0 #24 19 *49 27 57 20 (16) 


** Refractive index = 1-50.” 
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l-Hydroxyhydrindamine J/-chlorobromomethanesulphonate dis- 
solves freely in water, or in methyl or ethyl alcohol at the ordinary 
temperature; it also dissolves readily in glacial acetic acid, and 
is moderately soluble in boiling acetone. It is very slightly soluble 
in hot ethyl acetate, but is practically undissolved by chloroform, 
benzene, ether, or light petroleum. It can only be recrystallised 
with certainty from warm acetone, to which the addition of a little 
methyl alcohol is permissible; as the solvent cools, the salt separ- 
ates rapidly in the characteristic form, the initial deposition being 
facilitated in the case of a sterile solution by inoculation. When 
the acetone mother-liquors are allowed to evaporate to dryness — 
in an open space at the ordinary temperature, the final separation 
usually consists mainly of needles of the partly racemic salt. In 

order to ascertain the relative stability of 
Fie. 1. the two salts in contact with a saturated 
ages solution in ordinary purified acetone, a 
mother-liquor containing both plates and 
needles was kept in a desiccator, and after 
3 days the needles had completely dis- 
appeared, whilst the plates had grown 
and maintained their lustre. /-Hydroxy- 
hydrindamine J/-chlorobromomethanesul- 
phonate has a tendency to form super- 
saturated solutions, from which crystal- 
lisation takes place easily upon inoculation. 
; Strong saturated solutions in warm methyl 
1-Hydroxyhydrindamine alcohol of ordinary purity redeposit the 
l-chlorobromomethane- — salt of the J-acid if cooled rapidly, but 
sulphonate. ‘ : : . 
otherwise nothing but the partially racemic 
salt can be obtained from such solutions. In warm glacial acetic 
acid the salt of the /-acid is more readily soluble than the partially 
racemic salt, and a rapid and apparently complete conversion of 
the first-named salt to the second occurs in this solvent. When 
heated in a capillary tube, powdered /-hydroxyhydrindamine 
/-chlorobromomethanesulphonate loses its opacity at about 160° 
and decomposes at about 183° (Found: C, 33-8; H, 3:5. 
C,)H,,0,NCIBrS requires C, 33:5; H, 3-6%). 

The optical rotatory powers of freshly made solutions of l-hydroxy- 
hydrindamine /-chlorobromomethanesulphonate in the solvents 
utilised in the course of this investigation are summarised in the 
following table. The solutions were prepared as quickly as practic- — 
able, and heating was avoided if possible. With glacial acetic 
acid, and also with acetone at the higher concentration noted, it 
was found necessary, however, to warm the solvent on the water- 
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bath in order to effect solution. The interval which elapsed between 
the first contact with the solvent and the initial polarimetric observ- 
ation was therefore appreciably longer in these two instances than 
in the others. The absolute methyl alcohol was dehydrated by 
means of metallic magnesium in presence of a trace of iodine (com- 
pare Ber., 1923, 56, 894). The “absolute” ethyl alcohol used 
contained about 0-5% of water. The acetone used for the original 
determination was of the purity required for ordinary analytical 
operations; but for the more dilute solutions very pure acetone 
was employed, which had been liberated from the sodium bisulphite 
compound and carefully dried and redistilled. The last-named 
solutions were prepared as rapidly as possible by shaking the 
finely powdered salt with the solvent at the ordinary temperature. 


Approximate weight 


(g.) of salt in Time 
Solvent. 20-0 c.c. (minutes). [a]: M{[a],. 

Methyl alcohol 

(ordinary) ...... 0-25 5 —48-6° — 174° 
Methyl alcohol 

(absolute) ......... 0-25 5 — 50-0 —180 
Ethyl alcohol 

eT ven enn.cs's 0-25 5 — 50:0 —180 
Acetone (ordinary) 0-25 (warmed) 30 — 43-9 —158 
Acetone (pure 

anhydrous) ...... 0-10 20 — 52-0 —187 
Acetone (pure 

anhydrous) ...... 0-05 10 — 60-1 — 216 
Acetone (pure 

anhydrous) ...... 0-025 3 —71:4 — 256 
Glacial acetic acid 0-25 (warmed) 10 —51-2 — 184 
Ss 2 o'. cloce nyse 0-25 5 — 16-9 — 60 


All the solutions except those in water and acetone of ordinary 
analytical purity, which maintained their initial rotatory powers, 
exhibited marked downward mutarotation when kept at the ordinary 
temperature. The following typical series of values, selected from 
a mass of similar data, are sufficient to indicate the course of the 
changes. In methyl alcohol of ordinary purity, the initial mole- 
cular rotatory power of — 174° declined to — 115° in 14 hours, 
to — 97° in 24 hours, and reached a constant value of — 71° in 
60 hours [Fig. 2 (6)]. In absolute methyl alcohol, the original 
value of — 180° fell to — 126° in 48 hours, — 102° in 70 hours, 
— 95° in 94 hours, — 86° in 146 hours, — 83° in 170 hours, and 
reached a constant value of — 71° in 220 hours [Fig. 2 (a)]. In 
absolute ethyl alcohol, the original value of — 180° declined to 
— 96° in 15 hours, and attained a final value of — 90° in 23 hours. 
In glacial acetic acid, the original value of — 184° fell to — 96° 
in 17 hours, and reached a constant value of — 66° in 35 hours. 

VOL, CXXVII. 31 
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Of these solvents, by far the slowest change thus occurred in abso- 
lute methyl alcohol. No mutarotation was apparent in a solution 
prepared by dissolving about 0-25 g. of the salt in warm acetone 
of ordinary purity, a constant value of M[«]p = — 158° being 
obtained. More dilute solutions prepared rapidly at the ordimary 
temperature in pure anhydrous acetone exhibited a strikingly 
rapid downward mutarotation to a constant value of Mla] = 
— 187° [Fig. 2(c)]. The most dilute solution indicated in the 
above table gave M[a«l) = — 256° after 3 minutes, sinking to 


Hig. 2. 


Molecular rotation, M[a],.- 


| 

—_ 
‘= 
So 


20 40 60 80 100 120 140 
Time: (a) and (b) in hours, (c) and (d) tn minutes. 


Mutarotation of 1-hydroxyhydrindamine chlorobromomethanesulphonates: 
(a) IBIA in absolute methyl alcohol, (b) IBLA in ordinary methyl alcohol, (c) IBIA 
in pure acetone, (d) IBdIA in pure acetone. 


— 198° in 35 minutes, and reaching the equilibrium value, — 187°, 
in somewhat less than an hour; whilst the solution of twice this 
concentration gave M[a]p = — 216° 10 minutes after the first 
contact with the solvent, and — 188° after 45 minutes. : 

Upon removing the volatile solvents on the water-bath at any 
stage during the change, without attempting to exclude traces of 
water, the residue was found to consist wholly of the partly racemic 
salt, with a molecular rotatory power of about — 72° in ordinary 
methyl alcohol. In one instance, a residue obtained in this way 
from methyl alcohol was induced to crystallise on the water-bath 
by inoculation with a trace of the tabular form of crystal: the 
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molecular rotatory power of the residue thereby rose to — 87°. 
The striking difference in the velocity of mutarotation exhibited 
by solutions in ordinary and carefully dried methyl alcohol led to 
an investigation of the effect upon the process of adding small 
quantities of water to ethyl alcohol used as a solvent in similar 
determinations. Such additions proved to exert a very remark- 
able accelerating influence upon the change. In a typical deter- 
mination, 0:2500 g. of the salt when dissolved in cold 90% ethyl 
alcohol gave «) = — 0-79° 4 minutes after the first contact with 
the solvent, whence [a], = — 31-6° and M[«]p = — 113°. Owing 
to the very rapid fall in rotatory power, a second reading could 
not be taken conveniently until a further period of 4 minutes 
had: elapsed, when the value observed was «a = — 0-45°. A 
constant reading, «p = — 0:-43°, was reached 12 minutes after the 
first contact: the final value of [«]) was thus — 17-2°, and of 
M{«]p — 62°. A specimen of the pure powdered salt, after keeping 
at 160° for 30 minutes, gave M[«]) = — 149° when freshly dissolved 
in absolute methyl alcohol. 

|-Hydroxyhydrindamine  dl-Chlorobromomethanesulphonate.—The 
various fractions of the needle-shaped crystals deposited during 
the original series of recrystallisations were purified by a further 
recrystallisation from hot glacial acetic acid. Upon cooling, the 
solvent deposited rosettes of hard, glittering needles, which were 
collected and washed with ethyl acetate; further preparations of 
the substance were made by dissolving the tabular crystals in the 
same solvent, when the separation formed on cooling consisted 
entirely of the partially racemic salt. The crystals, which are 
unsuitable for goniometric examination, show straight extinction 
with strong double refraction. The refractive index is greater 
than 1-60. 

The salt is much more soluble in acetone and in methyl and 
ethyl alcohol than the salt of the /-acid, and is also slightly soluble 
in boiling chloroform. It is practically insoluble in benzene, ether, 
or light petroleum. In glacial acetic acid it dissolves with greater 
difficulty than the isomeric salt; crystallisation occurs with great 
ease from this solvent, and the substance shows no tendency to 
form supersaturated solutions. It dissolves sparingly in boiling 
ethyl acetate, and separates in fine needles upon cooling. When a 
solution of the salt in a little hot glacial acetic acid is diluted with 
hot ethyl acetate the liquid gradually becomes filled with magnifi- 
cent interlacing aggregates, composed of long, silky needles radiating 
from centres: this procedure affords the best method of purifying 
the substance. Moderately strong solutions of the partially racemic 


salt in acetone readily deposit the characteristic tabular crystals 
312 
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of /-hydroxyhydrindamine J-chlorobromomethanesulphonate when 
allowed to cool. J-Hydroxyhydrindamine dl-chlorobromomethane- 
sulphonate decomposes at 187° without the preliminary change 
noticed in the case of the other salt (Found: C, 33-7; H, 3-7. 
C19H,3,0,NCIBrS requires C, 33-5; H, 36%). 

Optical rotatory powers were determined in various solvents, 
under the conditions outlined for the isomeric salt, the concentration 
being approximately 0-25 g. of salt in 20-0 c.c. of solution; the 
resulting values agreed very closely with the corresponding values 
furnished by the salt of the /-acid after the completion of the muta- 
rotative changes. The partially racemic salt exhibited no, muta- 
rotation in methyl alcohol, glacial acetic acid, or water. A 
slight upward mutarotation occurred in 99:5% ethyl alcohol, 
until the final value given by the isomeric salt was practically 
attained: the initial value, M[«]» = — 75°, rose in 4 hours 
to — 80°, and in 20 hours to — 83°, and no further change was 
observed. | 

Very striking changes were traced in acetone solutions. In a 
preliminary series of observations, about 0-25 g. of the salt was 
dissolved in acetone of ordinary purity, by warming for 10 minutes 
on the water-bath and then making up the cooled solution to 20-0 c.c. 
with the solvent: the original molecular rotatory power of — 93° 
rose in 20 hours to — 147°, and in 27 hours to a constant value of 
— 154°. When evaporated to dryness on the water-bath, the 
solution yielded a crystalline residue which exhibited a molecular 
rotatory power of — 104° when freshly redissolved in acetone; 
after 20 hours the value had again risen to — 154°, at which it 
remained constant. In a similar experiment, the residue recovered 
by evaporation on the water-bath gave an original value of — 148° 
when freshly dissolved in methyl alcohol; after 40 hours, the 
molecular rotatory power had declined to a constant value of 
— 74°. When dissolved in 90% ethyl alcohol, this salt gave a 
constant molecular rotatory power of — 63°. 

A much more rapid upward mutarotation occurred in pure 
anhydrous acetone: 0:1014 g. of the salt, dissolved to 20-0 c.c., 
gave [«|p = — 18°, 3 minutes after the first contact with the cold 
solvent, whence M[«]) = — 71°. The successive values observed 
after 8 minutes and 20 minutes, respectively, were M[a]p = — 89°, 
and — 124°; the constant value, — 187°, attained in about an 
hour, is identical with the equilibrium value furnished by the 
isomeric salt under similar conditions [Fig. 2(d)]. The main 
relationships between the molecular rotatory powers displayed 
by the two isomeric salts in various solvents are summarised in 
the following table: 
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l-Hydroxyhydrindamine l-Hydroxyhydrindamine 


l-chlorobromomethane- dl-chlorobromomethane- 
sulphonate. sulphonate. 
Original Final Original Final 
Solvent. M{a},. M{a),. M{a],. M{[a],- 
Methyl] alcohol 
(ordinary) ...... — 174° <i” 12" = 712° 
Methyl alcohol 
(absolute) ...... —180 —71 —71 —71 
Ethyl alcohol 
Se 4 —180 —90 —75 —83 
-Ethyl alcohol ... 
eS —113 — 62 — 63 — 63 
Acetone 
(ordinary) .... —158 —158 —93 — 154 
Acetone (pure 
anhydrous) ... — 256 —187 —71 —187 
Glacial acetic 
ee — 184 — 66 —59 —59 
ES Oe — 60 — 60 — 60 — 60 


For the reasons already stated, a further examination was made 
into the nature of the process whereby the salt of the dl-acid after 
solution in acetone yields a separation of the isomeric salt of the 
l-acid. The partially racemic salt (4-4 g.) was dissolved in warm 
acetone of ordinary purity with the addition of a few drops of 
methyl alcohol, and upon allowing the solution to cool, a separ- 
ation consisting wholly of tabular crystals was deposited. After 
the lapse of 50 minutes 5 c.c. of the clear mother-liquor were with- 
drawn, diluted to 20-0 c.c. with acetone, and examined polari- 
metrically in a 2-dem. tube. By subsequently evaporating a 
measured portion of the diluted solution it was ascertained that 
the observed reading, ap = — 1-02°, corresponded to 0-2748 g. 
of the salt dissolved in 20-0 c.c. of acetone, whence M[«]p = — 131°. 
After a further interval of 200 minutes, during which nothing but 
tabular crystals separated, 5 c.c. of the mother-liquor were found 
to contain 0-1790 g. of dissolved salt having a molecular rotatory 
power of — 122°. It appears, therefore, that the solution in 
acetone always contains an excess of the salt /B1A, notwithstanding 
its continuous withdrawal during the process of crystallisation. 

For purposes of comparison in two kinds of solvents giving 
rise to mutarotation, a specimen of l-hydroxyhydrindamine benzene- 
sulphonate was prepared by mixing equivalent amounts of the free 
acid and base on the water-bath in presence of acetone containing 
a little water. The resulting crystalline solid separated from hot 
acetone containing a little methyl alcohol in clusters of glittering, 
anhydrous prisms, m. p. 198°, when the solution was allowed to 
cool (Found: C, 58-7; H, 5-7. C,;H,,0,NS requires C, 58-6; 
H, 5-5%). 

The original molecular rotatory power of this substance in acetone 
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was — 140°, and a slight decline to a constant value of — 131°| 
occurred in 20 hours. The salt recovered by evaporation on the | 
water-bath gave a constant molecular rotatory power of — 75°) 
in methyl alcohol. The original salt gave an initial value of — 100° 
in the same solvent, declining to a constant value of — 76° in 8 hours. | 
A slight downward mutarotation was thus displayed in both | 
types of solvent. d-Hydroxyhydrindamine acetate (J., 1912, 104, 
777) gave the constant value M[«]p = + 61° in methyl alcohol, | 
and in acetone declined from + 414° to + 382° in 44 hours. 
Replacement of the Base in |-Hydroxyhydrindamine 1|- and dl- | 
Chlorobromomethanesulphonate.-—1. When 1-hydroxyhydrindamine 
/-chlorobromomethanesulphonate was dissolved in warm acetone - 
containing a trace of methyl alcohol and mixed with a solution of | 
the calculated amount of brucine acetate in warm acetone, there _ 
was an immediate separation of well-defined crystalline needles. 
These were collected and washed with acetone, cold water, and again. 
with acetone; the dry product represented an almost theoretical 
yield. of brucine chlorobromomethanesulphonate. Owing to the 
sparing solubility of the salt, the determination of its optical rotatory _ 
power presented considerable difficulty; but readings were eventu- 
ally obtained in acetone, which dissolves it slightly, and glacial 
acetic acid, which is the best solvent available for the purpose. 
A small quantity of the salt was heated on the water-bath for 
20 minutes with acetone, so that a portion remained undissolved ; 
after keeping for 24 hours at the ordinary temperature, the clear 
saturated solution gave « = -+0-11° when examined polari- 
metrically in a 4-dem. tube. In a further experiment, 0-1025 g. 
was completely dissolved in glacial acetic acid by heating on the 
water-bath for 25 minutes. The cold solution, when made up 
to 20-0 c.c. and examined forthwith in a 2-dem. tube, gave ap = 
+ 0-07°, whence [«]p = + 6-8°. A similar determination made 
upon a solution containing 0-2010 g. of the salt in 30-0 c.c. yielded 
the value « = + 0-16° in a 4-dem. tube. In a third determin- 
ation an identical value was observed 15 minutes after the first 
contact with the solvent, but in 3 hours the solution exhibited no. 
appreciable optical activity, and further readings were rendered 
impossible through the separation of crystals in the polarimeter 
tube. In a fourth determination, made upon a new preparation 
of the brucine salt, the initial value, [«]) = + 6-1°, declined to 
zero in 45 minutes, to — 7:5° in 1-5 hours, and reached a constant 
value of — 10-4° in 3-5 hours; in this instance no crystallisation 
occurred. A fifth solution of the same kind when heated on the 
water-bath for 3 hours showed no appreciable optical activity in 
a 4-dem. tube. : 
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!-Hydroxyhydrindamine dl-chlorobromomethanesulphonate also 
yielded a brucine salt when treated in the manner described above ; 
the two brucine salts were very similar in appearance, except that 
the second one crystallised in smaller needles than the first. A 
saturated solution of the second salt in acetone, prepared at the 
same time and in exactly the same manner as the corresponding 
solution of the first brucine salt, gave the value op = — 0-02° 
when examined polarimetrically in a 4-dem. tube. This value, 
although difficult to establish with precision, is obviously different 
from the corresponding value, «» = + 0-11°, recorded above for 
the related salt. A solution of 0-1118 g. in glacial acetic acid, 
_ prepared in the manner described above and examined forthwith, 
gave ap = — 0-13° in a 2-dem. tube, whence [«]) = — 11-2°. In 
a second similar determination, 0-2010 g. made up to 30-0 c.c. with 
glacial acetic acid gave ap = — 0-28° in a 4-dem. tube, whence 
[a]p = — 10-4°. A third determination, made upon a new prepar- 
ation of the brucine salt, gave an original value of [«|p = — 8-0°, 
which changed in the course of 9 hours to a constant value of 
— 10-5°. A fourth similar solution displayed no measurable optical 
activity after heating for 3 hours on the water-bath. 

In several instances the brucine salt derived from /-hydroxy- 
hydrindamine /-chlorobromomethanesulphonate crystallised from 
glacial acetic acid in the polarimeter tube, but no such behaviour 
was observed on the part of the second brucine salt, which thus 
appears to be the more soluble, or, at least, to have passed through 
the stage of the mutarotation corresponding to the least solubility. 

Brucine dl-chlorobromomethanesulphonate, prepared by mixing 
aqueous solutions of equimolecular amounts of ammonium d/-chloro- 
bromomethanesulphonate and brucine hydrochloride, dissolved 
with greater difficulty in hot glacial acetic acid than either of the 
brucine salts described above. When prepared by heating over a 
small flame and then examined immediately after cooling, a 0-5°% 
solution showed no measurable optical rotation in a 2-dem. tube, 
and the crystallisation of the substance in the tube rendered further 
observation impracticable. The various preparations of brucine 
salt obtained by fractional precipitation from aqueous solution 
showed similar behaviour when dissolved in glacial acetic acid, and 
thus consisted probably of brucine dl-chlorobromomethanesul- 
phonate, as indicated below. 

The optical inversion noticed upon precipitating /-hydroxy- 
hydrindamine /-chlorobromomethanesulphonate with brucine acetate 
led to an examination of the optical rotatory power of the brucine 
salt prepared from an optically impure specimen of ammonium 
l-chloroiodomethanesulphonate, having M[«]p = — 28° in 1% 
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solution in glacial acetic acid. The brucine salt obtained by com- | 
pletely precipitating an aqueous solution of this ammonium salt | 
by the addition of brucine hydrochloride had M[«]p = — 50° 
when dissolved to form a 0-6% solution in glacial acetic acid. No | 
inversion was therefore apparent, and neither of these salts showed — 
mutarotation in glacial acetic acid. ; 

An investigation of a number of salts of brucine with optically 
inactive acids showed that such salts, when dissolved in glacial — 
acetic acid to form solutions of the approximate molecular con-— 
centration indicated above, gave no measurable rotation when — 
examined in a 4-dem. tube in sodium light. The salts examined © 
comprised brucine dl-chloroiodomethanesulphonate, brucine sul- 
phate, and brucine benzenesulphonate. As a check, it was noted 
that the specimen of brucine sulphate used was appreciably active — 
in 1% aqueous solution, the values observed being [a]p = — 24-4°, 
and M[«]p = — 121° (Found: SOQ,, 9-63; loss at 115° in 30 hours, 
11-16. B,,H,SO,,6H,O requires SO,, 9-66; H,O, 10-88%). Brucine 
benzenesulphonate, prepared by mixing the acid and base in presence 
of water and evaporating to dryness, crystallises from hot methyl 
alcohol, in which it is moderately soluble, in rosettes of glistening, 
anhydrous needles. 

2. Of the many attempts made to replace the J-hydroxyhydrind- 
amine in the above salts by an optically inactive base, avoiding 
water as a solvent, success was only achieved with benzidine and 
6-naphthylamine. Upon dissolving either of the /-hydroxyhydrind- 
amine salts, with very gentle warming, in about ten times the 
weight of glacial acetic acid and adding at once to the cooled solu- 
tion an equivalent quantity of benzidine dissolved in a like volume 
of the same solvent, an immediate and practically quantitative 
precipitation of the corresponding benzidine salt occurred. In 
each instance the salt consisted of minute needles, practically 
insoluble in water, acetone, or glacial acetic acid, and only slightly 
soluble in alcohol. About 0-1 g. of each salt was dissolved separ- 
ately in absolute methyl alcohol on the water-bath, the cold solu- 
tion being then made up to 20-0 c.c. with the solvent. About 
10 minutes elapsed between first contact of the material with the 
solvent and the polarimetric observation, and no optical activity 
was observed in either instance. 

3. The $-naphthylamine salts were prepared in a similar way, 
except that smaller amounts of glacial acetic acid were used. The 
6-naphthylamine salt obtained from /-hydroxyhydrindamine/J-chloro- 
bromomethanesulphonate was a crystalline powder, consisting of 
minute, glistening prisms, m. p. 210—240° (decomp.). The $-naph- 
thylamine salt prepared from J-hydroxyhydrindamine dl-chloro-— 
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bromomethanesulphonate was quite distinct in appearance from 
the salt just described: it consisted of well-defined, silky needles, 
which decomposed very definitely at 240°, without undergoing any 
preliminary change. The distinctions were confirmed by carrying 
out a second preparation of each salt. Neither of the @-naphthyl- 
amine salts was soluble in benzene or chloroform, but both were 
readily soluble in cold acetone or alcohol, and moderately soluble 
in warm glacial acetic acid. The salt obtained from the dl-acid 
appeared to be less soluble than the other, and either salt upon 
-recrystallisation from glacial acetic acid yielded silky needles 
decomposing at 240°. 

In each case, 0-15 g. of the original 6-naphthylamine salt, when 
dissolved in cold acetone and made up to 20-0 c.c. with the solvent, 
failed to reveal any optical activity. when examined polarimetric- 
ally in a 2-dem. tube 5 minutes after the first contact with the 
solvent. A similar result was obtained by dissolving 0-2 g. in 
absolute methyl alcohol in an exactly similar manner. The residues 
recovered from the acetone and methyl alcohol solutions by allow- 
ing the solvent to evaporate at the ordinary temperature were 
identical in appearance. 

d-Hydroxyhydrindamine d-Chlorobromomethanesulphonate.—A 
crystalline mass was readily obtained by mixing equivalent quanti- 
ties of d-hydroxyhydrindamine and dl-chlorobromomethanesulph- 
onic acid on the water-bath in presence of a little acetone, as de- 
scribed above for the /-base. When the product was recrystallised 
from warm acetone containing a little methyl alcohol, it yielded 
glistening plates, identical in appearance with crystals of /-hydroxy- 
hydrindamine /-chlorobromomethanesulphonate: 0-2000 g. dis- 
solved in absolute methyl alcohol at the ordinary temperature and 
made up to 20-0 c.c., gave ap = + 1-00°, when examined at once 
in a 2-dem. tube, whence [«]p = + 50-0°, and M[a]p = + 180°. 
The two salts crystallising in tabular form are thus enantiomorph- 
ously related. When the above solution was evaporated to dryness 
on the water-bath, the residue gave M[«]p = + 71° when redis- 
solved in absolute methyl alcohol: the analogy between the 
enantiomorphous salts is thus complete. 

The brucine salt derived from d-hydroxyhydrindamine d-chloro- 
bromomethanesulphonate by precipitation in acetone solution was 
not noticeably different in appearance or solubility from the brucine 
salt derived in a similar way from the enantiomorphous substance. 
In this instance, however, no dextrorotation could be established 
by dissolving the brucine salt in glacial acetic acid: 0-1510 g., 
when dissolved in a few minutes by heating the solvent over a 


small flame and examined forthwith in the usual way, gave ap = 
, ol 
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—0-10° in a 2-dem. tube, whence [«]p = — 66°. A constant | 
value of [«]p = — 10-0° was attained after an interval of 90 minutes. | 
d-Hydroxyhydrindamine  dl-Chlorobromomethanesulphonate.—The | 
acetone mother-liquor from the salt just described was evaporated 
to dryness on the water-bath and the residue recrystallised from 
a small quantity of hot glacial acetic acid, with the addition of 
hot ethyl acetate in excess: the resulting long, silky needles gave 
a constant value of M[a«]) = + 71° when dissolved in absolute | 
methyl alcohol at the usual concentration, and exhibited the 
expected upward mutarotation when dissolved in acetone. 

Wholly Racemic Forms of Hydroxyhydrindamine Chlorobromo- 
methanesulphonate.—A solution of a mixture of equal weights of. 
l- and d-hydroxyhydrindamine dl-chlorobromomethanesulphonate 
in a small amount of hot glacial acetic acid was diluted with hot. 
ethyl acetate and allowed to cool. The crystalline separation which 
gradually ensued consisted wholly of rosettes of short, glistening 
needles. The substance, which was optically inactive, softened 
slightly at 155°, melted without decomposition at 175°, and re- 
crystallised on cooling. In appearance it was very similar to /- or 
d-hydroxyhydrindamine dl-chlorobromomethanesulphonate, but was — 
more soluble than these salts. The same substance resulted when 
a mixture of equal weights of d-hydroxyhydrindamine d-chloro- — 
bromomethanesulphonate and J/-hydroxyhydrindamine J/-chloro- 
bromomethanesulphonate was treated similarly. 

Upon crystallising the last-named mixture from acetone, in place 
of acetic acid, the resulting crystalline deposit contained the form 
of racemate just described, interspersed with large, glassy, trans- 
parent prisms, very similar in appearance to the original salts. 
These crystals, which melted at 160° and recrystallised on cooling, 
represented a second completely racemic form. A similar mixed 
deposit of needles and large prisms was also obtained by recrystallis- 
ing the first racemic form from acetone. The interconversions 
shown by the constituent optically active salts thus persist in the 
racemates. 

Exhibition of Optical Activity by Chlorobromomethanesulphonic 
Acid in Combination with an Optically Inactive Base-—Although 
no optical activity could be established when lor d)-hydroxy- 
hydrindamine in combination with l(or d)-chlorobromomethane- 
sulphonic acid was replaced by a new optically inactive base, it 
was found that the optical activity of the acid in these salts per- 
sisted for a while when the activity of the combined hydroxy- 
hydrindamine was neutralised by the addition of an equal weight 
of the salt containing the opposed optical form of this base in 
combination with the racemic acid. As an example, a mixture of 
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0:2024 g. of d-hydroxyhydrindamine d-chlorobromomethanesul- 
phonate with 0-2024 g. of /-hydroxyhydrindamine dl-chlorobromo- 
methanesulphonate was dissolved in cold absolute methyl alcohol 
and made up to 20-0 c.c. with the solvent. When examined in a 
2-dem. tube, 2 minutes after the first contact, an optical rotation 
of a» = + 0-55° was observed, whence [«]) = + 13-6°, and M[«]»>= 
+ 49°. In 4-5 hours the value of M[«]p had declined to + 33°, 
in 7:25 hours to + 31°, in 28 hours to + 8°, and in 32 hours the 
optical activity had completely disappeared. The rate of change 
was thus considerably more rapid than that exhibited in the later 
stages of the mutarotation of /-hydroxyhydrindamine 1[-chloro- 
bromomethanesulphonate in the same solvent. 


The investigation will be extended, as occasion permits, in the 
various directions indicated. We express our acknowledgments 
to the Department of Scientific and Industrial Research for a 
maintenance grant to one of the authors (A.M.M.). 
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CCX.—The Nitration of m-Chlorophenol. 


By Herpert Henry Hopason and Francis Harry Moore. 


THE scanty literature on this subject prior to 1924 deals only with 
3-chloro-6-nitrophenol (Laubenheimer, Ber., 1876, 9, 76; Uhle- 
mann, ber., 1878, 11, 1161), 3-chloro-4 : 6-dinitrophenol (Fries, 
Annalen, 1912, 389, 305), and 3-chloro-2 : 4 : 6-trinitrophenol. 
Auwers and Deines (Zentr., 1924, II, No. 18) have prepared 6- and 
4-nitro-3-chlorophenols via the action of nitrous acid on 3-chloro- 
aniline nitrate, but we have obtained very moderate yields by 
their method. 

The present paper relating to the nitro-derivatives obtainable 
from m-chlorophenol by direct nitration is part of a systematic 
study of the chemistry of m-halogenated phenols. 

The above mononitro-compounds have been prepared in purer 
form than any hitherto described and 3-chloro-2-nitrophenol has 
been obtained in excellent yield. 4:6-, 2:6-, and 2 : 4-Dinitro- 
3-chlorophenols are readily distinguishable by means of their 
characteristic silver salts. 

Monosulphonation of m-chlorophenol at 100—120° appears to 
form exclusively 3-chlorophenol-4-sulphonic acid, owing to the 
usual directing influence of the hydroxyl group. 

3-Chloro-2 : 4 : 6-trinitrophenol is obtained in a very pure con- 

31* 2 
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dition by the direct nitration of m-chlorophenol and removal of 
any dinitro-compound in steam. If, however, m-chlorophenol is 
sulphonated and then treated with an excess of nitric acid, a 
trinitro-sulphonic acid is formed which on hydrolysis yields 3-chloro- 
2:5: 6-trinitrophenol as a product volatile in steam. 

Evidence in support of the constitution assigned to 3-chloro- 
4-nitrosophenol by Hodgson and Moore (J., 1923, 123, 2499) has 
been obtained by its oxidation to 3-chloro-4-nitrophenol. 


EXPERIMENTAL. 


Mononitration of r-Chlorophenol. 


6- and 4-Nitro-3-chlorophenols—m-Chlorophenol (24 g.), liquefied 
by alcohol (2 c.c.), was added slowly to a solution, kept below 25°, 
of 40 g. of concentrated sulphuric acid and 29 g. of sodium nitrate 
in 70 c.c. of water. After being stirred for 2 hours, the mixture 
was diluted with water (2 vols.). The solid was washed and steam- 
distilled. The yellow oil in the distillate solidified and after being 
pressed was again distilled in steam, when 3-chloro-6-nitrophenol, 
m. p. 41°, was obtained (Auwers and. Deines, loc. cit., give 39°) 
(Found: Cl, 20-4. Calc., Cl, 20-59%). The yield of crude product 
was 22%. , 

3-Chloro-4-nitrophenol, which remained in the distillation flask 
as a brown solid, m. p. 80—106° (yield 60°), crystallised in white, 
feathery needles, m. p. 121—122°, from dilute hydrochloric acid or 
water (Found: Cl, 20-4%). Auwers and Deines (loc. cit.) obtained 
faintly yellow needles, m. p. 120—121°, from benzene; the colour 
was possibly due to the action of atmospheric ammonia. We 
cannot confirm Uhlemann’s statement (loc. cit.) that 3-chloro- 
6-nitrophenol melts at a second determination at 32° and regains 
its normal m. p. after several days. 

Oxidation of 3-Chloro-4-nitrosophenol.—A solution of the nitroso- 
phenol (2 g.) in 400 c.c. of water containing 20 g. of sodium hydr- 
oxide and 20 g. of potassium ferricyanide was acidified with sulphuric 
acid after being kept for 2 days. Ether extracted from the mixture 
a trace of a product which was volatile in steam and gave a red 
sodium salt, but the bulk of the extract was 3-chloro-4-nitrophenol, 
which melted at 121° after crystallisation from water (Found : 
C1)203%)- 

Oxidation with nitric acid of various strengths and with hydrogen 
peroxide produced similar results, but the yields were unsatis- 
factory. 

3-Chloro-2-nitrophenol.—m-Chlorophenol (12-8 g.) was added 
slowly to 75 g. of oleum (27% SO,), cooled after each addition. 
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The mixture was kept for 12 hours and then heated for 2 hours 
on a water-bath to complete the disulphonation. Nitric acid 
(45 ¢.c.; d 1-5) dissolved in 20 c.c. of oleum (27% SO.) was added 
during 15 minutes to the cooled mixture, which was then kept for 
2 hours. On dilution and hydrolysis in a current of steam, a 
viscous, yellow, opaque oil passed over which rapidly solidified ; 
it separated in white, slender needles, m. p. 37-5°, from its yellow 
solution in light petroleum (yield 11 g.; 66%) (Found: Cl, 20-35. 
©,H,O,NCI requires Cl, 20-5%). 

3-Chloro-2-nitrophenol is remarkable as being an o-nitrophenol 
which is colourless. It is readily turned yellow by atmospheric 
ammonia. Like its 6-nitro-isomeride, it has a distinctive odour; 
the 4-nitro-isomeride is odourless. The silver salt of 3-chloro- 
2-nitrophenol forms characteristic crimson festoons (Found: Ag, 
38:2. C,H,O,NClAg requires Ag, 385%). The methyl ether was 
prepared by means of boiling aqueous sodium carbonate and 
excess of methyl sulphate. The product was steam-distilled and 
the white solid crystallised from dilute alcohol; m. p. 55° (Found : 
Cl, 18-7. C,H,O,NCI requires Cl, 18-99%). The benzoate could not 
be prepared in aqueous alkali hydroxide, but was readily obtained 
in aqueous sodium carbonate. It separated from alcohol in colour- 
less crystals, m. p. 123° (Found: Cl, 12:1. C,,H,O,NCl requires 
Cl) 12-7%). 

Dinitration of m-Chlorophenols. 

General Procedwre—The initial material is added gradually to 
a cooled mixed acid containing 98% sulphuric acid (15 vols.), 
70% nitric acid (12 vols.), and water (9 vols.). After an interval, 
the mixture is warmed if necessary, diluted, and steam-distilled. 
The dinitro-products are all volatile with steam and crystallise 
well from water or dilute acids. 

3-Chloro-4 : 6-dinitrophenol.—(a) The reaction mixture (1 g. of 
3-chloro-6-nitrophenol and 3 ¢.c. of mixed acid; 3 c.c. of concen- 
trated sulphuric acid were subsequently added) was kept for 2 hours 
and then heated for 4 hour on the water-bath. 3-Chloro-4 : 6-di- 
nitrophenol was obtained in colourless crystals, m. p. 92—93°; 
from water or in stout prisms from light petroleum (Found: Cl, 
16-1. Cale., Cl, 16-2%). A non-volatile product was 3-chloro- 
2: 4: 6-trinitrophenol, large, white needles, m. p. 114° (from water). 

(6) The reaction mixture (1 g. of 3-chloro-4-nitrophenol and 
4 c.c. of mixed acid) was kept over the week-end. The product 
had m. p. 92—93° (Found : Cl, 16-15%). 

(c) 1 : 3-Dichloro-4 : 6-dinitrobenzene was boiled with aqueous 
sodium carbonate, and the solution acidified after filtration. The 
precipitate melted at 92° after being crystallised from water. 

) 
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The identity of the three products in (a), (b), and (c) wag estab- 
lished by the melting points of their mixtures. 

3-Chloro-2 : 6-dinitrophenol.—(a) This was obtained from a re- 
action mixture of 2 g. of 3-chloro-2-nitrophenol and 12 c.c. of 
mixed acid. It is less volatile with steam than its 4: 6-dinitro- 
isomeride and crystallises from dilute hydrochloric acid in white, 
feathery crystals, m. p. 114-5° (Found: Cl, 16-1. Cale., Cl, 16-2%). 
A non-volatile product was 3-chloro-2 : 4 : 6-trinitrophenol (Found : 
Cl; 13-2. Cale.) Cl, 135% )- 

(6) A mixture of 4 g. of 3-chloro-2- titrophenes and 4 c.c. of 
oleum (279% SO,;) was kept over-night (crystals of unchanged 
material ek 4 c.c. of oleum were added and, 4 hours later, 
the mixture was heated on the water-bath to complete the sulphon- 
ation. It was then nitrated with 1 c.c. of nitric acid (d 1-5) dissolved 
in 2-5 ¢.c. of oleum. The product volatile with steam was 3-chloro- 
2: 6-dinitrophenol. The liquor in the flask, on neutralisation with 
potassium carbonate, gave a bright yellow potassium salt (probably 
of 3-chloro-2 : 6-dinitrophenol-4-sulphonic acid) from which 3-chloro- 
2 : 6-dinitrophenol was obtained on hydrolysis. 

(c) A mixture of 3 g. of m-chlorophenol and 7 c.c. of oleum 
(27% SO,), after being kept for 2 hours, was nitrated with 0-8 c.c. 
of nitric acid (d 1-5) in 4 c.c. of oleum and kept for 1 hour. The 
volatile product of hydrolysis by steam was 3-chloro-2 : 6-dinitro- 
phenol (mixed m. p.). 

3-Chloro-2 : 4-dinitrophenol.—After 3 g. of 3-chloro-2-nitrophenol 
had been added slowly to 1-8 c.c. of sulphuric acid (100%) and 
4 c.c. of oleum (27% SO,), the mixture was kept for 6 hours, then 
heated on the water-bath for 2 hours, cooled, nitrated with 0-8 c.c. 
of nitric acid (d 1-5) in 4 c.c. of oleum, and kept for 1 hour. The 
steam-distillate, on cooling, deposited 3-chloro-2 : 6-dinitrophenol. 
The filtrate from this, on extraction with ether, gave up a solid, 
probably 3-chloro-2 : 4-dinitrophenol, which, after repeated frac- 
tional crystallisation from water, had m. p. 138—140° and gave a 
yellow silver salt insoluble in ammonia (Found: Cl, 15-9. Cale., 
Cl, 16-2%). 

Direct Nitration of Disulphonated m-Chlorophenol. my. remain- 
ing for 20 hours at 10—15°, a solution of 4-2 g. of m-chlorophenol 
in 25 g. of oleum (27% 80.) was nitrated with 2-7 c.c. of nitric 
acid (d 1-5) in 14 c.c. of oleum and kept for 1 hour. On hydrolysis 
in a current of steam, 3-chloro-2-nitrophenol distilled over first 
and was followed by 3-chloro-2 : 6-dinitrophenol, which separated, 
and 3-chloro-2 : 4-dinitrophenol, which was extracted with ether, 
from the distillate. The presence of 3-chloro-4 ; 6-dinitrophenol 
was not detected. 
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Sulphonation and Nitration of 3-Chloro-4-nitrophenol.—A solution 
of 5 g. of the chloronitrophenol in 10 c.c. of oleuam (279% SO;) was 
cooled and immediately nitrated with 1-2 c.c. of nitric acid (d 1-5) in 
§c.c.ofoleum. After the usual treatment 3-chloro-4 : 6-dinitrophenol, 
but not 3-chloro-2 : 4-dinitrophenol, was obtained. If, however, 
the sulphonation mixture was kept for 2 hours, or was warmed, 
before being nitrated, no 3-chloro-4 : 6-dinitrophenol was produced, 
the destruction of 3-chloro-4-nitrophenol by oleum being thus 
‘made manifest. 2- and 6-Nitro-3-chlorophenol are stable towards 
oleum. 

Properties of the Dinitro-m-chlorophenols.—4 :6-, 2:6-, and 
2 : 4-Dinitro-3-chlorophenol are in the order of increasing solubility 
in water. The solutions are yellow. The silver salts are prepared 
from the ammonium salts and silver nitrate in neutral aqueous 
solution. The 4 : 6-dinitro-compound gives a characteristic yellow 
gel which slowly becomes crystalline (Found: Ag, 33-0. Calc., 
Ag, 33:2%). The 2:4-dinitro-compound forms yellow crystals 
(Found: Ag, 32-95%). The 2: 6-dinitro-compound gives a red, 
erystalline substance which is much more soluble in aqueous am- 
monia or water than either of the other two (Found: Ag, 32-:9%). 
The silver salts of 2: 6-dinitropheno!l and -4-chloro-2 : 6-dinitro- 
phenol also are red. 

The three dinitro-m-chlorophenols resist methylation and benzoyl- 
ation by direct means. The mononitro-compounds are methylated 
only with difficulty. 


Trinttration of m-Chlorophenol. 


3-Chloro-2 : 4 : 6-trinitrophenol.—m_-Chlorophenol (4 g.) dissolved 
in 6 c.c. of oleum (27% SO,) was nitrated in the cold with 40 c.c. 
of nitric acid (70%), added gradually. The mixture, having been 
stirred for 1 hour, was gently boiled for 10 minutes and poured. 
on to ice, and products volatile with steam (if any) were removed. 
The residue crystallised from dilute sulphuric acid in fern-like 
crystals and from water in rectangular prisms, m. p. 114° (Found : 
O1,°13-2. Calc., Cl, 13-5%). 

3-Chloro-2 : 4: 6-trinitrophenol is readily soluble in alcohol, 
ether, benzene, or chloroform. Its sodium and silver salts are 
yellow; the former is moderately soluble in water, and the latter 
insoluble in aqueous ammonia. It is the ultimate product of 
nitration of all the mono- and di-nitro-3-chlorophenols mentioned 
above. 

3-Chloro-2 : 5 : 6-trinitrophenol.—m-Chlorophenol (5 g.) dissolved 
in concentrated sulphuric acid (3 c.c.) was heated for 9 hours at 
120°, cooled, and poured into 50 c.c. of water. The solution was 
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filtered from tar, treated with 15 c.c. of nitric acid (d 1-5), and, _ 


aiter being stirred for 30 minutes, was slowly heated and finally — 


boiled for 5 minutes. Neutralisation of the cooled filtered solution 
with solid potassium carbonate caused the precipitation of a yellow 
product, which crystallised from water in characteristic old-gold 


clusters and from alcohol, in which it was moderately soluble, in — 
small, yellow needles [Found: §, 7:5; Cl, 8-0. Calc. for 


C,Cl(OK)(NO,)s*SO3K, S, 7-6; Cl, 85%]. This salt was hydro- 


lysed with boiling dilute sulphuric acid in a current of steam, and 


the volatile product, m. p. 112-5—113-5°, being somewhat soluble 


in water, was extracted from the distillate with ether (yield 2-7 g.) 


(Found: Cl, 13-2; N, 16-5. C,H,O,N.Cl requires Cl, 13-5; N, 
15:9%). The yellow, crystalline silver salt is insoluble in aqueous 
ammonia. 

This steam-volatile trinitro-compound, produced from a mono- 
sulphonic acid in which the sulpho-group appears to be in position 4, 
is probably 3-chloro-2 : 5 : 6-trinitrophenol. 

Traces of 4:6- and 2: 4-dinitro-3-chlorophenol were detected 
when the original nitration mixture was steam-distilled without 
previous neutralisation. | 


The authors thank the British Dyestuffs Corporation for gifts 
of chemicals in connexion with this investigation. 
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CCXI.—-Polynuclear Heterocyclic Aromatic Types. 


Part II, Some Anhydronium Bases. 
By James Witson Armit and Rospert RosBInson. 


Ir is a commonplace of the electronic theory of the atom and of 
valency that certain systems of electrons exist which by their 
association reach a stable condition, and an example may be found 
in the electron pair or duplet, the octet and dodecet, as well as in 
the special configurations, which are frequently assumed, of the 
valency electrons in nitrogen, carbon monoxide, and similar sub- 
stances. ‘he occurrence of many atoms in a molecule provides 
further opportunities for the emergence of electron groups of marked 
stability and, ceteris paribus, the possession of such groups confers 
chemical stability as shown, for example, by reduced unsaturation 


and a tendency to maintain the type. These are, of course, the 
chief characteristics of benzenoid systems, and here the expianation — 
is obviously that six electrons are able to form.a group which — 
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resists disruption, and may be called the aromatic sextet.* It is 
not supposed that the existence of the sextet involves a change in 
the total covalency exerted by the carbon atoms of the ring nor 
does the theory as employed below require any particular assump- 
tion in regard to the position of the electrons or their orbits in space. 
Thus the symbols 


and 


are each considered to express a view of one aspect of the problem 
and are not inconsistent. The first expression suggests a sym- 
metrical distribution of electrons in the ring, and in regard to the 
covalencies should be taken as the interpretation of the second 
expression. The circle in the ring symbolises the view that six 
electrons in the benzene molecule produce a stable association which 
is responsible for the aromatic character of the substance.t+ 
Naphthalene and anthracene will be represented by the following 


in which the deletion of the central connecting bonds is more 
apparent than real, because these attachments are by covalencies 
which involve the electrons of the sextets only. The aromatic 
character of thiophen and pyrrole requires the hetero-element to 
have contributed some of its free salt-forming electrons for the 
purpose of setting up a sextet, with the natural result that the 
basic character of these substances has been suppressed or largely 
diminished. In pyridine, the sextet can, however, be obtained 
without the help of the lone pair on the nitrogen atom. The 


* In the ions of carboxylic acids, in the cyclopentadienes and indene deriv- 
atives, and in many other types of semi-aromatic compounds, groups of two 
or four electrons may be assumed to occur. 

+ The stability of beryllium acetylacetone and similar substances may be 
associated with the fact that the rings are aromatic and contain sextets. 
This is possible if the function of all the oxygen atoms is assumed to be 
identical as in the annexed formula. 


Me Me 
COL. 
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formule with sextets do not necessarily represent systems the 
aromatic character of which is of the most perfected kind. There 
is ample evidence that in some typical aromatic compounds the 
valency is unevenly distributed, and consideration of such a series as 
pyridine, benzene, naphthalene, anthracene, glyoxaline, thiophen, 
pyrrole, and furan serves to protect us from the unwarranted 
assumption that there are no gradations between the Kekulé 
formula and the symmetrical electronic structures which have been 
‘proposed for benzene. In discussing the possibility of the existence 
of the pentamethine nucleus in fusion with other rings, we pointed 
out (J., 1922, 121, 828) that, on the basis of the cyclic conjugation 
theory, the forms I, IT, and III might occur. 


ON 


NTE ‘ 
ee ae) (I) (IL) 


On applying the restriction on the cyclic conjugation theory which 
is now suggested, namely, that the number of electrons must 
be such that sextets can be formed in each ring, it is clear that 
II and III cannot satisfy the condition.* The type represented by 
I remains theoretically possible, and we have prepared a compound 
which appears to contain such a nucleus. 6-Aminopiperonal and 
-3-phenylindanone condensed in alcoholic solution with the aid of 
potassium hydroxide, producing the quinoline derivative (IV), the 
methosulphate of which yields, on decomposition with hot aqueous 
alcoholic potassium hydroxide, the anhydronium base (V). 


CHPh CPh 
on OOOO gn OV YYYS 
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Utilising the free electrons on the nitrogen atom, 24 electrons 
are available for aromatic sextet formation as shown in (VI). 
Here the quadrivalent nitrogen is positively charged, whilst the 
pentamethine ring is negatively charged; (V) and (VI) represent 
extreme conditions, and the true structure doubtless lies between 
the two. (V) is not stable, because the right-hand benzene ring is 


* The unsaturated nature of cyclooctatetraene suggests that a stable group 
of eight electrons analogous to the aromatic sextet is not formed. 
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not aromatic, and (VI) is not stable because it is a dipole; the 
tendencies to aromatic sextet formation and to neutralisation of 
the charges work in opposite directions and must reach some 
compromise. There is a very large class of substances which can 
similarly be regarded as normally occupying an intermediate 
position between a fully polarised aromatic phase and a neutralised 
quinonoid or ethenoid phase and these are usually anhydro-deriv- 
atives of aromatic oniwm hydroxides of various kinds. We propose 
to term these compounds anhydronium bases, since, although 
extremely diverse in form, they exhibit very similar chemical 
properties. Anhydronium bases derived from the methohydroxides 
of 4-carboline derivatives have been already described (Perkin and 
Robinson, J., 1919, 145, 951; Kermack, Perkin, and Robinson, J., 
1922, 121, 1877; Robinson and Robinson, J., 1924, 125, 832), 
whilst, in addition, 5-methyl-5-zsocarboline has been recently pre- 
pared (Robinson and Thornley, J., 1924, 125, 2169). We have 
now shown that 3-carboline methohydroxide loses water with the 
formation of an anhydride (VIL). A corresponding substance in 
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the quinindoline series was obtained indirectly by condensation 
of 6-aminopiperonal with oxindole followed by treatment of the 
resulting aminopiperonylideneoxindole (VIII) with methyl sulphate 
and then with alcoholic potassium hydroxide, closing the ring 
with elimination of water. 


CH 
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The base (IX) is represented in the quinonoid form, but it will be 
understood that we regard its actual.mean condition as being 
something intermediate between this and the arrangement analogous 
to (VII). This remark applies to all formule here presented 
whether in the full polar aromatic conditions or as quinones. A 
bright scarlet anhydronium base in the 4-carboline series (harmine 
type) has been prepared by the decomposition of phenyldiveratro- 
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harmyrine methosulphate with sodium hydroxide and has the 
constitution (X). 


MeO 
Meo’ 
Bane ‘i IN 
(X.) aa ( \OMe fee: ee (XI) 
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Anhydronium bases of what is fundamentally the glyoxaline or 
pyrazole type can therefore be obtained in the 3-, 4-, or 5-carboline 
series, the two nitrogen atoms in different rings being separated by 
one, two, or three carbon atoms. It was of interest to find out 
whether much greater separation is possible and experiments were 
undertaken with this object. The nitration of 8-naphthaquinoline 
was studied by Claus and Besseler (J. pr. Chem., 1898, 57, 49), 
but the constitution of the mononitro-derivative was not determined. 
We have oriented the substance (XI) by the observation that the 
related aminonaphthaquinoline is converted by an application of 
the Skraup reaction into a naphthadiquinoline (XII), which may 
also be obtained from 1 : 6-naphthylenediamine in a similar manner. 


ay Oe. 
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Amino-$-naphthaquinoline was changed to an indole derivative 
(XIII) by condensation with benzoin under conditions similar to 
those used by Japp and Murray (J., 1894, 65, 889) in analogous 
cases. The results obtained on decomposing the methosulphate of 
(XIII) were ambiguous and indicated oxidation. We have also 
investigated the alkylation of an indophenazine derivative (XIV). 
In view of such facts as the weak basic character of the amidines 


OMe ——"_~_ 0 Me 
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(XIV) ay (Vv) 


and the circumstance that p-phenylenediamine is a stronger base 
than the m-isomeride, it seems most probable that the first methyl 
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group will attach itself to the quinoxaline nitrogen which is the 
more remote from the nitrogen of the indole nucleus, but there is 
no direct proof of this. On such an assumption, the anhydronium 
base derived from the methohydroxide of (XIV) will have the con- 
stitution (XV). This orange-red substance can be converted into 
a remarkably stable methohydroxide (XVI). | 


OH 
Sea O 
(XVI.) NMe Ee, WW pyc a 
er OMe (a) | | 
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DO nea ne PSA Ph 
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It has already been stated that the anhydronium bases include 
many types and among these are the glyoxalines, pyrazoles, «- and 
y-aminopyridines, «- and y-pyridones, «- and y-pyrones, carbolines 
and isocarbolines, diazo-oxides and diazoimines * derived from 
o- and p-hydroxy- and amino-diazonium hydroxides, fuchsones and 
fuchsonimines, quinopyridanes, pyranhydrones, derivatives of 
methylenexanthane, etc. Thus the anhydropyranol (XVII) can 
also be represented as a phenol-betaine (X VIII), and it is the anhydr- 


te MeS 
rae 


er: O 
“oro Ph Maovoyr 


(XVIII) ‘a (XIX) Ph 


onium base derived from hydroxydiphenylbenzopyrylium hydroxide. 
As such, it shows the normal behaviour of its type and adds on 
methyl sulphate so as to form the pyrylium salt (XIX) by direct 
addition of a methyl group to the quasiquinonoid oxygen atom. 
Finally, it is necessary to indicate an important consideration. 
The formation of an anhydronium base invariably involves a redis- 
tribution of the charge unless the positive and negative centres in 
the dipole are so powerfully basic and acidic that the substance is 
definitely a betaine. It is convenient to keep the latter separate 
and to reserve the expression anhydronium base for the compounds 
which are recognisably intermediate between neutral and fully 
polarised forms. The redistribution of charge referred to can only 


* On this hypothesis, the action of methyl iodide on a diazo-oxide or diazo- 
imine should result in the replacement of the diazo-group by iodine and 
the simultaneous attachment of methyl to oxygen or nitrogen, respectively. 
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take place if the system connecting the charged centres is a con- 
ducting system. In other words, the necessary changes in covalency 
must be, not merely possible, but facile, and this will be the case 
only with definitely conjugated systems. There must always be a 
possible mechanism for the transfer of the charge in accordance with 
the electronic theory of conjugation as in the scheme : 


As Acs AVN, AN es 

0o=—C——_C==C—_C——C—_ C=C —_—_0— 
and this will be the case if the formula of the substance can be 
constructed on the classical valency theory with alternate single and 
double bonds. For example, if the oxygen in (XVII) is at (a), 
the condition cannot be satisfied, and therefore 6-hydroxy-2 : 4- 
diphenylbenzopyrylium hydroxide should not yield an anhydronium 
base, although it might give a betaine on the model of (XVIII). 
The conception of the electrical conductivity of conjugated systems 
is implicit in all the suggestions relating to the mechanism of addi- 
tion to such systems made by Kermack and Robinson (J., 1922, 
121, 427), and for experimental evidence we can turn to graphite, 
each one of the layers of which must be regarded as comprising a 
single fully conjugated aromatic system. 


EXPERIMENTAL. 

7:8- Methylenedioxy - 11 - phenylindenoquinoline (IV).—Aqueous 
potassium hydroxide (5 c.c of 50%) was added to a cold solution 
of 6-aminopiperonal (3-9 g.) and 3-phenylindanone (5-1 g.) in ethyl 
alcohol (45 ¢.c.), when the liquid darkened and a red, crystalline 
precipitate slowly formed. Next day the separation had become 
copious and the substance was collected, washed with alcohol, and 
dried at 100° (6-6 g.). The compound crystallises from benzene 
in hexagonal prisms or in microscopic needles if the solution is 
rapidly cooled; it has m. p. 245—246° (Found: C, 81-6; H, 4:8; 
N, 4:3. ©,,H,;0,.N requires C, 81:9; H,4:5; N,4:2%). The base 
is moderately readily soluble in hot benzene or chloroform, very 
sparingly soluble in hot alcohol, and almost insoluble in ether or light 
petroleum. The red solution in sulphuric acid exhibits intense 
violet fluorescence, changing to blue fluorescence on dilution with 
water. Unlike the related methylenedioxyindenoquinoline (Part I, 
p. 831), this phenyl derivative is precipitated by the addition of 
water to its solution in glacial acetic acid. The hydrochloride, 
decomp. 247°, and the picrate, decomp. 236°, crystallise in yellow 
needles. The methosulphate separated in the course of 30 minutes 
from a boiling solution of the base (3 g.) and methyl sulphate 
(27 c.c.) in benzene (130 c.c.). The precipitate (3-8 g.) crystallised 
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from ethyl alcohol in pale yellow needles, m. p. 233° (Found : 8, 7-0. 
©,;H.,0,NS requires 8, 69%). The salt is moderately readily 
soluble in hot water and its aqueous and alcoholic solutions exhibit 
intense bluish-violet fluorescence. The methiodide, obtained 
directly or by double decomposition of the methosulphate, is 
sparingly soluble in water and alcohol and crystallises from the 
latter in small, pale yellow needles, m. p. 241—242° (decomp.). 
Anhydro-7 : 8-methylenedioxy-11-phenylindenoquinoline Methohydr- 
oxide (V, VI).—On addition of aqueous potassium hydroxide (5 c.c. 
- of 50%) to a hot solution of the preceding methosulphate (1 g.) in 
aqueous alcohol (80 c.c. of 50%), there was an immediate separation 
of pale green, very slender, microscopic needles. The mixture was 
boiled for 1 minute, filtered hot, and the residue well washed with 
hot alcohol and dried in a vacuum at 100° until its weight was con- 
stant (0-65 g.) (Found: C, 81-4; H, 5-0; N, 4:2. C,,H,,0,N 
requires C, 82:0; H, 4-8; N,4:0%). The substance is readily soluble 
in chloroform to an emerald-green solution, and by careful addition 
of light petroleum it can be precipitated in small, green needles 
which darken at 226°, progressively decompose at higher temper- 
atures, and finally melt to a black liquid at 246—247°. It is less 
readily soluble in benzene or toluene and undergoes decomposition 
in these media, which change is, however, no doubt due to oxid- 
ation. The base is slightly soluble in boiling water, the solution 
exhibiting bright blue fluorescence, and with acids the metho- 
salts of the parent base are regenerated. The picrate crystallises 
in pale yellow needles which sinter at 221° and melt at 226°. The 
readily soluble methiodide of this anhydro-base is a pale yellow 
substance which gives an orange, amorphous precipitate with 
potassium hydroxide in aqueous solution. The new compound is 
_ easily soluble in cold water to a yellow fluorescent solution and 
is clearly a methohydroxide. It shows no tendency to give an 
anhydro-base and behaves exactly as would be anticipated if the 
methylation had proceeded so as to produce the group —CMePh-. 
A quite similar case was described in Part I (p. 834), and we are of 
* the opinion that the analogy supports our view of the nature of 
the substance which is now under discussion, The green colour of 
the base may, however, be due to impurity. 
3-Methyl-3-isocarboline (VII).—3-Carboline (Lawson, Perkin, and 
Robinson, J., 1924, 125, 626), prepared by the improved method of 
Robinson and Thornley (ibid., p. 2169), readily yields a metho- 
sulphate when its solution in hot nitrobenzene is treated with a 
solution of neutral methyl sulphate in toluene. The derivative 
is readily soluble in water and but sparingly soluble in alcohol, 
from which it crystallises in stellate clusters of pointed needles. 


1612 ARMIT AND ROBINSON: POLYNUCLEAR HETEROCYCLIC 


A concentrated aqueous solution was decomposed by an excess of 
warm 40% potassium hydroxide, and the base at once extracted 
by a large volume of light petroleum. The solution was dried with 
powdered potassium hydroxide and then with anhydrous barium 
oxide, filtered, and distilled with every precaution to avoid access 
of moist air. At a certain stage, crystallisation of the anhydro- 
base commenced and after cooling the small, yellow prisms, m. p. 
140°, were collected (Found: in material dried at 95° in a high 
vacuum, C, 78:8; H, 5-6. C,,H,)N, requires C, 79-1; H, 5:5%). 

The base is soluble in water, the solution being colourless and 
having an alkaline reaction. Aqueous acid solutions do not exhibit © 
fluorescence. The base combines with methyl iodide to form a 
nearly colourless salt, which with silver oxide gives an alkaline, 
faintly fluorescent solution. The methohydroxide ‘so obtained is 
precipitated by the addition of sodium hydroxide and exhibits no 
tendency to give an anhydro-base. 

6’-Aminopiperonylideneoxindole (VIII).—Aqueous potassium 
hydroxide (8 c.c. of 60°) was added to a cold solution of oxindole ~ 
(3 g.) and 6-aminopiperonal (3-2 g.) in methyl alcohol (40 c.c.). 
The precipitate of fine, orange needles which formed when the 
darkened liquid was stirred was washed with methyl alcohol, dried 
at 100°, and twice crystallised from ethyl alcohol to remove persistent 
inorganic contamination. ‘The deep orange needles (3-1 g.) obtained 
decomposed at 226° (Found : C, 68-3; H,4-7. C,,H,,.0,N, requires 
C, 68-6; H, 4.3%). The base is to some extent soluble in boiling 
water to an orange solution, it is freely soluble in acetic acid or 
nitrobenzene and sparingly soluble in benzene. The mineral acid 
salts are sparingly soluble, pale yellow, crystalline substances. 
The picrate crystallises from ethyl alcohol in deep yellow needles, 
which darken at 235° but do not melt at 300°. The orange solution 
in sulphuric acid is not fluorescent, but if the salts of the base are 
decomposed by alkali and the product is dissolved in sulphuric 
acid, the solution exhibits intense bluish-violet fluorescence, which 
is clearly due to the formation of methylenedioxyquinindoline. The 
diazo-solution from the base is pale yellow and gives a crimson color- ‘ 
ation with alkaline B-naphthol. The methosulphate (6’-methylamino- 
piperonylideneoxindole methyl hydrogen sulphate) was obtained in the 
following manner. The base (1-5 g.) was dissolved in nitrobenzene 
(30 c.c.) and toluene (30 c.c.), a solution of neutral methyl sulphate 
in toluene (10 c.c. of 75%) added to the boiling mixture, and the 
lamp removed. The derivative, which separated in a few minutes 
as a flocculent precipitate of yellow needles, was crystallised from 
50% alcohol, washed with ether, and dried at 120° (1-2 g.) (Found: 
5, 7°8. C,gH,,0,N,S requires 8, 7:9%). The salt darkens at 289°, 
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but does not melt at 300°. It is sparingly soluble in water or ethyl 
alcohol, but more readily soluble in a mixture of the two. The 
open-chain structure is indicated chiefly by the fact that the solution 
in sulphuric acid is not at once fluorescent, but on standing for a 
few minutes acquires a phenomenal bluish-violet fluorescence. 

10: 11-Anhydro-7 : 8-methylenedioxyquinindoline 10-Methohydr- 
oxide (1X).—The pale lemon-yellow needles that formed almost 
immediately when aqueous potassium hydroxide (10 c.c. of 60%) 

was added to the preceding methosulphate (1 g.) dissolved in boiling 

aqueous alcohol (80 c.c. of 50°) were crystallised from alcohol, in 
which they were moderately readily soluble, and dried in a vacuum 
at 120° (0-5 g.), the substance becoming deep orange whilst seeming 
to retain the crystalline structure (Found: C, 74:0; H, 4:5; N, 10:3. 
C,,H,.0,N, requires C, 73:9; H, 44; N, 10-2%). This base, 
m. p. 244°, is relatively stable and can be sublimed when carefully 
heated. It dissolves in sulphuric acid, the solution exhibiting a 
beautiful bluish-violet fluorescence. The mineral acid salts and the 
picrate crystallise in yellow needles. On boiling with water, rever- 
sion to the methohydroxide of the quinindoline derivative was 
observed. 

Py-N-Methylphenyldiveratroisoharmyrine (X).—A_ solution of 
phenyldiveratroharmyrine (3 g.) (Lawson, Perkin, and Robinson, 
loc. cit.) in benzene (100 c.c.) was boiled with neutral methyl sulphate 
(3 g.) for 5 minutes, and the orange-yellow, crystalline product was 
washed with benzene, crystallised from ethyl alcohol (in yellow 
needles), and dried at 120° (Found: C, 59-9; H, 5-2. C,,H,,O,N.S 
requires C, 60-0; H, 5-2%). In alcoholic solution, this salt exhibits 
bright green fluorescence. Its yellow, aqueous solution was decom- 
posed with sodium hydroxide, the scarlet precipitate washed with 
aqueous sodium hydroxide, dried in a vacuum, and dissolved in a 
considerable volume of hot benzene. This solution was dried with 
potassium hydroxide, and most of the solvent distilled, when the 
new base crystallised in bright scarlet, dense clusters of prismatic 
needles which darken above 140°, are chocolate at 240°, black at 260°, 
and melt at 264° with further decomposition (Found: in material 
dried at 110° in a high vacuum; C, 72-7; H,5-7; N, 6-4. C,,H,,O,N. 
requires OC, 72:°9; H, 5:6; N, 65%). The solution in neutral 
solvents such as ether or benzene has a fine violet fluorescence, but 
in alcohol or water the base gives a yellow solution with green 
fluorescence and has obviously reverted to phenyldiveratroharmy- 
rine methohydroxide. Its yellow solution in sulphuric acid exhibits 
intense yellowish-green fluorescence and becomes deep ivy-green 
on heating. The base forms a methiodide which is sparingly soluble 
in ethyl alcohol and crystallises in slender, short, microscopic, 
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yellow needles, m. p. 266—267°. This salt exhibits green fluores- | 
cence in solution and gives no precipitate with ammonia or sodium 
carbonate in aqueous solution (solutions of the anhydro-base are so | 
precipitated), whilst with sodium hydroxide in excess it gives a pale 
yellow precipitate of a stable methohydroxide, soluble in water. 

(1 : 6)-Naphthadiquinoline  (XII).—-Naphthaquinoline was 
nitrated according to Claus and Besseler (Joc. cit.), and the nitro- 
derivative reduced in the following manner: A solution of crystal- 
lised sodium sulphide (45 g.) in water (50 c.c.) was gradually added to 
a boiling solution of nitro-8-naphthaquinoline (16 g.) in aniline 
(100 c.c.), causing a vigorous reaction. The liquid was boiled for 
30 minutes, the aniline distilled in steam, and the residue crystal- 
lised from 30° aqueous alcohol, 8 g. of amino-§-naphthaquinoline, 
m. p. 158°, being obtained. The diquinoline was obtained by the 
methods (A) and (B). (A) A mixture of amino-§-naphthaguinoline 
(13 g.), nitrobenzene (7-5 g.), sulphuric acid (20 g.) and glycerol 
(25 g.) was heated (oil-bath at 150—160°) during 6 hours. The 
base was rendered to ether (6 extractions), and the solution dried 
and concentrated to small bulk, when pale yellow needles (2-1 g.) 
slowly separated. The substance is sparingly soluble in ether, 
benzene, or alcohol (Found : C, 83-3; H, 46; N, 12-5. C gH N, 
requires C, 83:5; H, 4:4; N, 12-2%). 

(B) 5-Nitro-2-naphthylamine (3-4 g.) was gradually added to 
60% acetic acid (60 c.c.) and iron filings (10 g.) at the temperature 
of the steam-bath. When the red colour had disappeared, water 
(100 c.c.) was added, and the solution was boiled for 5 minutes and 
filtered into dilute sulphuric acid (150 c.c. of 25°); the colourless 
needles of 1 :6-naphthylenediamine sulphate obtained on cooling 
were dried (6-1 g.). A mixture of this sulphate (6 g.), nitrobenzene 
(4 g.), glycerol (16 g.), and sulphuric acid (16 g.) was heated (oil-bath 
at 155—165°) for 4:5 hours. The diquinoline was extracted from 
the solution, diluted and made strongly alkaline, by means of ether 
and 0-6 g. was ultimately obtained in colourless needles, by crystal- 
lisation from acetone. The substances prepared by methods (A) 
and (B) or a mixture of the two melted at 183:5—184:5°. Both 
specimens dissolve in dilute sulphuric acid, the colourless solutions 
exhibiting a bright blue fluorescence. The sulphate prepared from 
either of the specimens darkens above 250° and melts indistinctly 
at 268°. 

5 : 6-(2 : 3-Diphenylindolo) (6: 7)-quinoline (XIII).—An intimate 
mixture of amino-§-naphthaquinoline (7 g.), its dihydrochloride 
(3 g.), and benzoin (20 g.) was heated at 180—190° for 4 hours. 
The product was extracted by boiling benzene (150 c.c.) for 10 
minutes, and the reddish-brown residue was separated from the hot 
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solution and triturated with aqueous potassium hydroxide. The 
isolated, washed, and dried product crystallised from nitrobenzene 
(50 c.c.) in colourless platelets (4 g.), which began to decompose at 
298° (Found : C, 88-0; H, 5-0; N,7-9. C,,H,,N, requires C, 87-6; 
H, 4:9; N, 7:-6%). This base is very sparingly soluble in most 
organic solvents and forms very sparingly soluble, yellow salts with 
mineral acids. ‘The solution in sulphuric acid exhibits green 
fluorescence which is persistent on dilution with water. When a 
‘trace of sodium nitrite or potassium dichromate is added to the 
sulphuric acid solution, an intense emerald-green coloration is 
developed. The acetate crystallises from glacial acetic acid in yellow 
needles decomposing above 300° (Found: C, 77:5; H, 5-4. 
C,H, ,N,,C,H,0,,H,O requires C, 77-7; H,5-4%). A75% solution 
(20 c.c.) of methyl sulphate in toluene was added to a boiling solu- 
tion of the base (2 g.) in nitrobenzene (60 c.c.), the source of heat 
removed, the mixture cooled, ether added (200 c.c.), and the pro- 
duct (2-6 g.) crystallised from boiling alcohol, the methosulphate 
being obtained in intense yellow needles which become scarlet at 
about 165°; it is almost insoluble in boiling water (Found: §, 6-3. 
C,,H,,0,N.8 requires 8, 65%). The decomposition of this metho- 
sulphate by alcoholic potassium hydroxide gave a crimson precipitate 
of microscopic needles, m. p. 225° (decomp.) if quickly heated, but 
we were unable to reach a definite conclusion in regard to the nature 
of the substance. It is reconverted by mineral acids into yellow, 
crystalline salts. 

2 : 3-Dimethoxyindophenazine (XIV).—This substance was readily 
obtained by a slight modification of the method employed by 
Schunck and Marchlewski in ‘the preparation of indophenazine 
(Ber., 1895, 28, 2528). 4: 5-Dinitroveratrole (8 g.) was reduced in 
boiling acetic acid solution (200 c.c. of 50°) by the addition of zine 
dust. When the colour changed from red to pale yellow, the 
solution was filtered and added to isatin (5 g.) dissolved in boiling 
acetic acid (125 c.c. of 20%). The yellow precipitate was collected 
after 5 minutes, washed with hot water, and dried at 150° (5:1 g.). 
The substance is readily soluble in hot nitrobenzene ; it is sparingly 
soluble in boiling ethyl acetate or toluene, and separates from the 
latter in slender, yellow needles, m. p. 284° (Found: C, 68-8; 
H,5-0; N,15-1. C,,H,,0,N; requires C, 68-8; H,4:7; N, 15-0%). 
The neutral solutions have a violet-blue fluorescence and the cherry- 
red solution in sulphuric acid becomes deep purple on the addition 
of a trace of sodium nitrite or potassium dichromate. Mineral acid 
salts are bright yellow; the hydrochloride, m. p. 290° (decomp.), 
dissolves in water, the solution being yellow with green fluorescence, 
and in concentrated hydrochloric acid forming a blood-red solution. 
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The picrate crystallises from acetone in pale yellow needles, m. p. 
254°. The methosulphate crystallised in large, flat, rectangular ' 
prisms on cooling a mixture obtained by the addition of a solution — 
(100 c.c. of 75%) of methyl sulphate in toluene to a hot solution of — 
the base (1:5 g.) in nitrobenzene (30 c.c.); a further quantity was 
precipitated by ether, the total yield being 2 g. The derivative 
crystallises from methyl alcohol in prisms, m. p. 247° (Found: | 
S, 7:7. C,g,H,,50,N;S requires S, 7-9%). It is readily soluble in 
water, the solution exhibiting blue fluorescence, and is more spar-_ 
ingly soluble in alcohol. | 

2 : 3-Dimethoxy-5 (or 11)-methylisoindophenazine(XV).—Potassium | 
hydroxide (15 c.c. of 50%) was added to a boiling solution of the 
dimethoxyindophenazine methosulphate (2:7 g.) in 50% alcohol | 
(60 c.c.).. The deep red solution, on cooling, deposited voluminous, | 
slender, scarlet needles which were washed with ether and dried at — 
120° (2:4 g.). The substance can be crystallised by careful addition 
of light petroleum toits benzene solution in scarlet needles sintering 
at 257° and melting at 261°, or from alcohol containing potassium 
hydroxide in scarlet prisms (Found: C, 69-3; H, 5-3; N, 14-4. 
C,,H,;0,N, requires C, 69:6; H, 5-1; N, 14:3%). This base is 
moderately readily soluble in ethyl acetate or benzene, very readily 
soluble in chloroform, and sparingly soluble in ether. Like the 
parent dimethoxyindophenazine, it can be sublimed by careful 
heating in a tube. On boiling with water, an orange solution is 
obtained, and this becomes yellow after the addition of an acid. 
The methiodide crystallises in deep yellow needles, m. p. 205° 
(decomp.). If the dimethoxyindophenazine methosulphate is 
decomposed by potassium hydroxide in 50% alcohol in the cold, 
and the precipitate crystallised from the same solvent, slender, 
yellow needles, m. p. 278° (decomp.), of the methohydroxide are 
obtained (Found: C, 65-7; H, 5-2. C,,H,,0,N; requires ©, 65-6; 
H, 5-5-%). This substance is moderately readily soluble in hot 
water, forming a yellow solution. Dimethoxymethylisoindophenazine 
dimethosulphate was obtained when a mixture of the anhydro-base 
(1-5 g.), methyl sulphate (10 c.c. of a 75% solution in benzene), and — 
benzene (50 c.c.) was boiled until the red colour had completely dis- 
appeared. ‘The precipitated yellowish-green, microscopic needles 
were washed with ether and dried at 100° (1-5 g.). The substance is 
very readily soluble in water and somewhat readily soluble in alcohol, 
from which it crystallises in orange needles, m. p. 238° (Found : 
S, 11-6. ©,,H,,0,)N,8, requires 8, 11-7%). The solutions of the 
salt exhibit green fluorescence. 

2 : 3-Dimethoxy-6-methylindophenazine 11 (or 5)-Methohydroxide — 
(XVI).—Aqueous potassium hydroxide (10 c.c. of 50%) was added | 


AROMATIC TYPES. PART Il. SOME ANHYDRONIUM BASES. 1617 


to a hot solution of the preceding dimethosulphate (1 g.) in 50% 
alcohol (40 c.c.), when a momentary darkening occurred, giving place 
almost at once to an orange-yellow colour. The hot filtered solution 
soon deposited glistening, yellowish-orange needles (0-6 g.) and 
after recrystallisation from alcohol the substance melted at 164° 
(Found : C, 66-3; H, 6-0; N, 13-2. C gH, ,O,;N; requires C, 66-4; 
H, 5-9; N, 129%). The same substance was obtained by decom- 
position of dimethoxydimethylindophenazonium iodide. It is 
readily soluble in benzene, chloroform, alcohol, or acetone, sparingly 
soluble in alcohol or ether, and insoluble in light petroleum. The 
orange-yellow solution in dilute acids exhibits green fluorescence and 
the yellow solution in sulphuric acid becomes red when gently heated. 
Curious results followed on an attempt to introduce a third methyl 
group into the molecule. The base (0-5 g.), m. p. 164°, was heated 
in boiling benzene solution (16 c.c.) with methyl sulphate (4 c.c. of 
75% solution in benzene) for 10 minutes. The dark brown oil which 
separated solidified on scratching and was collected and decomposed. 
by aqueous-alcoholic potassium hydroxide. The product crystal- 
lised from aqueous alcohol in nearly colourless, silky needles, m. p. 
85° (0-27 g.) (Found: C, 66-2; H, 6:2%). The compound appears 
to be different from the initial isomeride. It is much more soluble 
than the latter (m. p. 164°) and has a lower m. p. Possibly a methyl 
group has migrated to a new position, a suggestion which is clearly 
free from theoretical difficulty. 

7-Methoxy-4-phenylflavylium Salts (XIX).—Anhydro-7-hydroxy- 
2: 4-diphenylbenzopyranol (1 : 4) (1:5 g.), methyl sulphate (15 c.c. 
of a 75% solution in benzene), and benzene (50 c.c.), all of which 
had been carefully dried, were mixed and the liquid was boiled until 
the red colour had changed to orange-yellow. On cooling, pale 
yellow, glistening needles separated, and these were washed with 
ether and dried (1:2 g.) (Found: S, 7-4. Cy 3H,.0,S requires 
S, 75%). This methosulphate, m. p. 179°, is readily soluble in 
alcohol, acetic acid, acetone, or hot dilute hydrochloric acid, forming 
yellow solutions which exhibit very intense bluish-green fluorescence. 
The salt is to some extent hydrolysed by water. Addition of ether 
to the original mother-liquor from the preparation precipitates a 
yellow, amorphous substance (8, 9-1), which behaves in the same 
manner as the methosulphate with solvents and in the preparation 
of the ferrichloride. The latter, namely, 7-methoxy-4-phenyl- 
flavylium ferrichloride, was prepared in the usual manner and.crystal- 
lised from acetic acid in feathery, yellow needles, m. p. 191° (Found : 
C, 51-8; H, 3-1. C,.H,,0,Cl,Fe requires C, 51:7; H, 33%). The 
salt was prepared for comparison from 7-hydroxy-2 : 4-diphenyl- 
benzopyranol dimethyl ether (Biilow and Sicherer, Ber., 1901, 34, 
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- 2380), and a mixture of the specimens melted at 190—191°. The | 
m. p., 185°, previously given for this ferrichloride (Crabtree, 
Robinson, and Turner, J., 1918, 413, 877) istoolow. This substance — 
gives a negative result in a Zeisel estimation, probably on account 
of the insolubility of the iodide, and after the addition of phenol the — 
production of methyl iodide could be observed. 
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CCXII.—The Nitration of m-Meconine. 
By JNANENDRA Natu RAy and ROBERT ROBINSON. 


In 1917 Jones and Robinson (J., 141, 905) directed attention to a 
number of benzene substitution reactions which appeared to show 
that when two identical groups such as alkyloxy coexist in a mole- 
cule and direct substituents to different positions, the influence of the 
one which is in the o- or p-position to a negative * group is weakened 
so that the other alkyloxy- or similar group controls the direction 
taken by the reaction. For example, in the nitration of 4-bromo-65- 
nitroveratrole, the nitro-group diminishes the directive power of 
the methoxyl (b) in the p-position to a greater extent than that of 
(a) in the m-position and therefore the latter induces substitution, 
apparently abnormally, ortho to nitroxyl. 


a) MeO’ NNO, Meo” \NO, 
o) ) MeO Br a MeL Be 


The criticisms of this Pogas, which eee since been published 
have all been vitiated by the failure to recognise that the directing 
groups corresponding to (a) and (b) must be zdentical and therefore 
have been ignored, but, nevertheless, the development of the 
electronic theory of conjugation, whilst supplying the explanation 
of the phenomenon, also suggests a restriction to be placed on its 
scope. One of the most fundamental properties of oxygen and 
nitrogen, exhibited in carbon compounds, is expressed in terms of 
the electronic theory in the statement that bivalent oxygen and 

* At the time, such groups as NO,, CO,H, SO,H were called negative, 


and this is, of course, still permissible if the general polarity is the circum- 
stance which ought to be emphasised, 
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tervalent nitrogen tend to increase the covalency at their single 
bindings, especially when attached to unsaturated systems, whereas 
there is a tendency to reduce the covalency of doubly linked oxygen 
or nitrogen. The free electrons on the oxygen and nitrogen are 
diminished in number in the former case and augmented in the 
latter. These changes are represented by the schemes : 


| 10 7 >» 
Rae Ore tO swand (Rowen Bcxanmaved Q Fy 
| me 
In the first case, the oxygen becomes charged positively and in the 
second negatively. Now in the carbethoxyl and acid amide groups 


these tendencies can co-operate without disturbance of the octets 
and this is sufficient to explain the failure of the ester group to. 


7 > fom Pr thie ge f > 

et | NH,——C—=== 
exhibit marked carbonyl reactivity and of the amide group to 
function as a strong basic centre. The positive charge on the carbon 
of the carbonyl group is neutralised from the chain and so does not 
seek foreign negative ions, whilst, in the amide group, the free 
electrons in the nitrogen octet are equally occupied in the chain to 
some extent; and it is these free electrons which impart the basic 
properties to ammonia. A similar neutralisation of the functions 
of groups like RO and C—O can occur if these are separated by an 
even number of unsaturated atoms (compare Chemistry and Industry 
Review, 1925, 44, 18, 456), because in that case polarisation is 
possible without producing charges on intermediate atoms of the 
chain and without disturbing the octets.* We can therefore well 
understand the partial neutralisation of the directive power of 
methoxyl by a nitroxyl group situated in the p-position to it as 
shown in the annexed expression and, further, we suggest that the 


FiO 
MeO a Wy N 


neutralisation considered by Jones and Robinson is always of this 
type. At present the effect can be predicted with confidence only 
when the directing group is derived from —OH, —NH,, or -SH and 

* We use the octet theory here, as always, in order to give a standard of 
numerical comparison. It does not affect the theory if the stable electronic 


configurations have more or less than 8 electrons, provided that the number 
tends to remain constant, 
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when the neutralising group is of the type —NO,, —CO-R, etc. 
Certainly CO,H is not such a group, being, as explained above, a 
self-contained assemblage. On the other hand, the carbonyl of 
phthalide is beyond doubt a more activating carbonyl than the 
carbonyl of an ordinary ester group. This is shown by condensation 
reactions of the methylene group in the ortho-position and on our 
theory means that the -CO—O— complex is not so completely satisfied 
in itself as it is in a typical ester. Therefore a similarly situated 
—CO-NH- should contain a more basic nitrogen atom than that of 
an ordinary amide; and this is the case, for phthalimidine has 
definite basic properties. 

The opportunity to test this matter arose when Edwards, Perkin, 
and Stoyle (this vol., page 198) described an elegant synthesis 
of m-meconine (I) by the condensation of veratric acid with 
formaldehyde in presence of hydrochloric acid. 


a0 NO, CO 
Ve tim we a . Pre 

Rot ena COC ee 
Ree ical Ne 
CH, GH, 


As demanded by the theory which has been discussed above, 
this substance gives on nitration its 6-nitro-derivative (II), and we 
venture to suggest that such a result cannot be satisfactorily 
explained on any theory of the mechanism of aromatic substitution 
which is not based on electronic conceptions of valency. The 
constitution of (II) was proved by its conversion into a correspond- 
ing bromo-m-meconine, which is also obtained by applying the 
method of Edwards, Perkin, and Stoyle to 2-bromoveratric acid, the 
orientation of the groups in the molecule of which has been placed 
beyond question. Hope and Robinson (J., 1911, 99, 1163) showed 
that phthalide contains a reactive -CH,—, because it condenses with 
cotarnine to form anhydrocotarninephthalide. The poor yield was 
improved and became almost quantitative when a nitroxyl was 
introduced into the o- or p-position to the methylene group. The 
condensation is also facilitated, although to a less striking extent, 
when a nitroxyl group is introduced in the m-position to the methylene 
group (compare P., 1911, 27, 229). A new example of this pheno- 
menon is now forthcoming, since we are able to prepare anhydro- 
cotarnine-nitro-m-meconine by a direct condensation of the com- 
ponents indicated. 


EXPERIMENTAL. 


Preparation of m-Meconine (1).—The method of Edwards, Perkin, 
and Stoyle (loc. cit.) gives improved yields if the following slight 
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modification is adopted. A solution of veratric acid (50 g.) in hot 
acetic acid (250 c.c.) is, after the introduction of concentrated hydro- 
chloric acid (200 c.c.) and aqueous formaldehyde (60 c.c. of 40°%), 
heated on the steam-bath for 12 hours, cooled, tarry matter pre- 
cipitated by the addition of a little water, and the brown liquid 
treated with charcoal, filtered, and concentrated in a vacuum to 
about one-fifth of its volume. Further tarry material is precipitated 
from the hot solution by addition of not too much water, and, after 
filtration, m-meconine is thrown down by further dilution with water 
and neutralisation with sodium carbonate. The m-meconine, 
crystallised from aqueous ethyl alcohol, has m. p. 155° and the yield 
averages 30 g. 

6-Nitro-4 : 5-dimethoxyphthalide (II).—m-Meconine (13 g.) was 
gradually added with agitation to nitric acid (22 c.c.; d 1-42) at 
0°; after a few hours the mixture was added to water, and the 
precipitate collected and extracted with boiling alcohol (30 c.c.). 
The residue crystallised from boiling acetic acid in colourless needles, 
m. p. 183—184° (yield 6—7 g.) (Found: C, 50-4; H, 3-4. C,,H,O,N 
requires C, 50-2; H, 3-7%). This substance is sparingly soluble 
in hot alcohol and exhibits the behaviour of a lactone. Unlike 
nitromeconine, it does not give an intense coloration on treatment 
with hot alkaline solutions and this is clearly due to the fact that 
the methylene and nitroxyl groups are in the m-position to each 
other. 

Anhydrocotarnine-6-nitro-4 : 5-dimethoxyphthalide, 


MeO ELE Baaprenererararera os bray ° 


Usb =e NG \NMe A Se al 


bane MeO JNO, 


—A mixture of nitro-m-meconine (3 g.), cotarnine (3 g.), and ethyl 
alcohol (300 c¢.c.) was boiled for 1-5 hours and then concentrated 
to one-fourth of its bulk and cooled. The crystalline deposit was 
isolated, treated with glacial acetic acid, and, after dilution with 
water and filtration, the base was precipitated by means of ammonia, 
collected, washed, and dried (2-5g.). The base is very sparingly soluble 
in most neutral organic solvents and is best crystallised from boiling 
toluene—alcohol, from which it separates in well-defined, rectangular 
plates, m. p. 200° (decomp.) (Found: C, 57-8; H, 4:7, 4:8, 5-5; 
C,.H»,0,N, requires C, 57-6; H, 48%). The base is readily soluble 
in dilute hydrochloric acid and acetic acid to a colourless solution. 
Tt is stable to hot dilute hydrochloric acid, but is gradually decom- 
posed by boiling acetic acid with formation of cotarninium acetate 
VOL. CXXVII. 3K 
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and nitro-m-meconine. It is, however, much more stable to hot 
acetic acid than anhydrocotarnine-nitromeconine ; ease of formation 
and ease of decomposition going together in this series as in most 
others. 

6-Amino-4 : 5-dimethoxyphthalide.—Nitro-m-meconine (11 g.) was 
gradually added to a hot solution of crystallised stannous chloride 
(35 g.) in concentrated hydrochloric acid (65 c.c.), when a clear 
liquid resulted, and the reaction was completed by heating on the 


| 


steam-bath for 30 minutes. After dilution with water (250 c.c.) — 


the cooled solution deposited crystals, which were isolated and 


treated with sodium bicarbonate in hot aqueous suspension. The ~ 


substance crystallised from aqueous alcohol in colourless, feathery 
needles, m. p. 158° (yield about 6 g.) (Found: C,; 57-0; H, 5:3. 
CyoH,,0,N requires C, 57-4; H, 5:3%). The amine is readily 
soluble in concentrated hydrochloric acid, but is precipitated on the 
addition of water. In suspension in dilute hydrochloric acid it 
can be diazotised, giving a bright yellow diazonium salt, which 
couples with $-naphthol to form a red azo-compound. 


6-Bromo-4. : 5-dimethoxyphthalide.—(A) A solution of amino-m-— 


meconine (6 g.) in 6% hydrochloric acid (60 c.c.) was diazotised at 
0° and added to a solution of cuprous bromide (prepared from 2-4 g. 
of copper sulphate, potassium bromide and sulphur dioxide) in 
hydrobromic acid (4 c.c.; d 1-49). The reaction was completed by 
heating, and, after cooling, the precipitated solid was collected and 
crystallised from boiling water containing a little alcohol. The 


almost colourless, prismatic needles had m. p. 223°, alone or mixed — 


with a specimen prepared by the following method. 

(B) A mixture of 2-aminoveratric acid (7-1 g.) (Pschorr and 
Sumuleanu, Ber., 1899, 32, 3410), water (50 c.c.), and concentrated 
hydrochloric acid (10 c.c.) was treated at 0° with sodium nitrite 


(2:7 g. in water, 20 c.c.), the clear diazo-solution added to one of — 


cuprous bromide (from 2-4 g. of copper sulphate) in hydrobromic 
acid (4 c.c.; d 1-49), and the reaction completed by heating on the 
steam-bath, evolution of nitrogen being first observed at 80°. The 
crude 2-bromoveratric acid which separated on cooling was 


crystallised from hot aqueous acetic acid and had m. p. 200° (yield — 


4—5 g.). Zincke and Francke (Annalen, 1896, 293, 187) give m. p. 


201°, their initial material being hemipinimide (compare Kiihn, 


Ber., 1895, 28, 810). 
A mixture of 2-bromoveratric acid (4 g.), aqueous formaldehyde 
(5-5 c.c. of 40%), concentrated hydrochloric acid (20 ¢c.c.), and acetic 


acid (30 c.c.) was heated on the steam-bath during 10 hours. The 


product was added to water (250 c.c.), the precipitate of unchanged 


acid removed, and the filtrate concentrated to about 50 c.c. ina 
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vacuum and then neutralised with solid sodium bicarbonate. The 
solid which gradually separated crystallised from boiling water 
containing a little alcohol in colourless, prismatic needles, m. p. 
223° (Found: C, 44-3; H, 3-1. C,,H,O,Br requires C, 43-9; H, 
33%). 


THE UNIVERSITY, MANCHESTER. [Received, May 13th, 1925.] 


CCXIII.—The System Sodium Sulphite-Sodium 
Hydroxide—Water. 


By DauzieL, LLEWELLYN Hammick and JoHN ALEXANDER CURRIE. 


A stupy of this system was undertaken in order to find out the 
nature of the solid phases in equilibrium with solutions containing 
sodium sulphite and hydroxide, As our object was this, rather than 
the exact form of the solubility curve showing the amount of solids 
in solution, we did not aim at an accuracy of more than + 0-5% 
in our analyses. 

Sodium sulphite was prepared by passing sulphur dioxide into a 
solution of A.R. sodium carbonate (The British Drug Houses), 
precautions being taken throughout that air should not. come into 
contact with the solution. Slightly more sulphur dioxide was 
passed in than would be sufficient to form the sulphite, in order 
to eliminate the danger of a double salt of sulphite and carbonate 
erystallising. Any hydrogen sulphite that might thus be formed 
would be turned into the normal salt when mixed with the soda 
solution in the solubility vessel. In practice, it was found that the 
normal salt came down under these conditions. The solution thus 
prepared was transferred, in contact with hydrogen only, to an 
electrically heated glass evaporator through which was passed a 
eurrent of purified hydrogen. When a good crop of crystals had been 
deposited, the liquid was drained off, the crystals were washed and 
dried in an atmosphere of hydrogen, and stored in a vacuum desic- 
cator over soda sticks. 

The salt was tested for sulphate and rejected if any was found 
to be present. It was then analysed as sulphate, no specimen 
being used that had SO, lower than 63:2%, theory requiring 63-47%. 

Sodium hydroxide. For the preparation of solutions up to 20% 
NaOH Cornog’s method was used (J. Amer. Chem. Soc., 1921, 43, 
2573). For stronger solutions we took advantage of the fact that 
from very strong solutions of sodium hydroxide nearly all the car- 
bonate present is precipitated (Freeth, Phil. Trans., 1922, 223, 35). 


By allowing saturated solutions of the best soda stich (The British 
3K 2 
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Drug Houses) to reach equilibrium at a temperature slightly above 
that of the isotherm we were studying, we obtained a solution of 
sodium hydroxide on filtering that was as strong as we required and 
that gave no precipitate with barium chloride solution. The 
suspensions complained of by Freeth were not observed, the solu- 
tion being quite clear after filtering through Gooch asbestos. 

Water. All water used in preparing the materials and making 
up solutions was distilled and then boiled under reduced pressure 
for 4 hour. 

Solubility Determinations.—Complexes of approximately known 
composition were made up in one of two kinds of vessel. When the 
strength of the sodium hydroxide in solution did not exceed 25%, 
we used very wide test-tubes of Duro resistance glass closed by tight- 
fitting rubber stoppers through which a stirrer passed, fitted with a 
mercury seal. For stronger solutions, a silver vessel was employed 
similar to that used by Freeth (loc. cit.). Glycerol was used as a 
seal and lubricant, precautions being taken that none of it should 
leak into the solution. 

The vessels were placed in an ordinary gas-regulated thermostat 
for the isotherms at 20°, 25°, and 32°, the temperature of which did 
not vary by more than +0-1°. For the isotherm at 0-15°, ice was 
placed in a well-lagged thermostat, and kept near the bottom with 
wire netting. The thermostat was then filled with water and kept 
well stirred; by this means and by renewing the ice every 48 hours 
the temperature never varied by more than 0-05°. 

After equilibrium had been obtained—about 24 hours for weak 
solutions and 36—48 for strong ones was found to be sufficient— 
the contents of the vessel were rapidly transferred to a filter. This 
was so designed that the separation of the solution and moist solid 
could be carried out in the thermostat, a precaution found to be 
necessary when the soda content of the solution was either very weak 
or very strong. The whole operation was carried out as rapidly 
as possible. 

Analysis.—After they had been weighed, the solutions and moist 
solids were made up in water to suitable volumes, portions of which 
were analysed. The sulphite was first oxidised to the sulphate by 
treatment with pure hydrogen peroxide solution and after standing 
a short time the excess of peroxide was decomposed by boiling. 
The sulphite was then estimated as barium sulphate and the 
hydroxide by titration, the water being obtained by difference. 
The results were plotted by the usual Schreinemakers method on a 
triangular diagram (see Figs. 1 and 2). 

Results.—The isotherms at 0-15° and 32° are shown in the 
diagrams. The isotherms at 20° and 25°, being of the same"general 
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form as that at 0-15°, have not been shown. ‘The figures are given 
below. Compositions are given in weight per cent. 


Liqtid. 
nnn 
NaOH. Na,SO,. 
ae 12-2* 
3:0 9-0 
9-0 5-2 
16-9 2-8 
21-9 2-21 
23°3 2-2 
25-4 1:3 
26-6 0-7 
27-1 0-4 
27-9 0-1 
29-1 0-1 
29-5f — 
— 21-2* 
1-6 18-7 
4-4 15-4 
8:3 12-0 
9-9 11-0 
11-6 9-9 
12-2 9-6 
12-7 9-4 
13-4 9-2 
14-0 9-0 
13-8 8-6 
15-5 7:0 
16-0 6-7 
20-2 3°5 
24-9 1-1 
26-8 1:0 
36-3 0-1 
50-1 Trace 
52-27 — 
— 23-6* 
0-7 22-5 
2°5 19-3 
5:0 17-7 
9-7 13-0 
9-8 13-2 
9-6 13-8 
12-2 10:2 
12-6 10-1 
14-2 8-2 
17-2 5:8 
20°7 2-9 
20-7 2-5 
25-2 1-0 
28-7 0-5 
29-4 0-3 
42-7 0-1 
43-9 Trace 
63-37 oo 


* Lewis and Rivett, J., 1924, 125, 1156. 


Isotherm at 0-15°. 


Residue. 


NaOH. 
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Isotherm at 20°. 
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Isotherm at 25°. 
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Composition of solid 
phase in water. 


Na,SO,,7H,O 


Na,SO,,7H,O and Na,SO, 
Na,SO, 


99 


Na,SO, and NaOH,4H,0 
NaOH,4H,0 


Na,SO,,7H,O 


Na,SO,,7H,O and Na,SO, 
Na,SO, " 


29 


NaOH,H,0 


Na,SO,,7H,O 


Na,SO,,7H,O and Na,SO, 
Na,SO,. 


99 


NaOH,H,O 


+ Pickering, J., 1893, 68, 890. 
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Isotherm at 32°. 


Liquid. Residue. rhe 
———"——-7 pea Ls Lag Composition of solid 
NaOH. Na,SO3. NaOH. Na,SO3. phase in water. 

Bee 26-5* a — Na,.SO, 

0-6 26-4 — — ia 

2:3 23-1 0-1 89-0 = 

5-1 19-1 0-1 89-0 $3 

7-6 15-7 — — - 
11-1 11-2 0:8 93-6 as 
16-5 5-4 0-8 95-4 os 
20-1 2°9 2-1 90-5 . 
27-2 0:6 2-3 92-0 » 
36-2 0-1 6-0 83-1 . 

51-8 0-001 9-0 81-6 3 
54-44 — — — Na0OH,H,O 
* Lewis and Rivett, J., 1924, 125, 1156. + Pickering, J., 1893, 63, 890 

HO. 
Oa 
NaOH 4 H,0. 


Na,SO; NaOH. 
| al, 

The isotherm at 0-15° is shown in Fig. I. The results obtained at 
20° and at 25° give curves resembling Fig. I except that the hetero- 
geneous region Na,SO3,7H,O-S-I becomes smaller; in this region 
complexes separate into solutions of concentrations along S-I and 
sodium sulphite heptahydrate. Solutions of compositions given 
by I-H are in equilibrium with anhydrous sodium sulphite. The 
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point H, which lies very close to the side H,O—NaOH (the solubility 
of sulphite being very small in excess of sodium hydroxide) represents 
the composition of the liquid in equilibrium with anhydrous sodium 
sulphite and sodium hydroxide tetrahydrate. Similar points were 
not realised experimentally at the other temperatures. 

The isotherm at 32-0° (Fig. IL) shows that at that temperature 
sodium sulphite heptahydrate cannot exist in contact with any 
aqueous solution. This is in accordance with the results obtained 
by Lewis and Rivett (J., 1924, 125, 1156), who found the transition 


H, 0 e220 


NaOH,H,0. 


ZUM. 
Fig IL NaOH. 
point between anhydrous and hydrated sodium sulphite to lie at 

31-5°. The fact that heptahydrate appeared as a solid phase in the 
isotherm at 25° is in conflict with the result obtained by Hartley 
and Barrett (J., 1909, 95, 1178), who record 22° as the transition 
point. Recently, however, Foerster, Brosche, and Norberg-Schulz 
(Z. physikal. Chem., 1924, 110, 450), as the result both of solubility 
measurements and dilatometer experiments, have concluded that 
the transition point lies at 33-4°. 
The above discrepancies seem at first sight hard to reconcile. 
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Lewis and Rivett (loc. cit.) have, however, established the fact that 
anhydrous sulphite may exist in more than one metastable solid 
phase, particularly in the presence of sodium sulphate, which 
appears in solid solution in the sulphite crystals. Different solid 
phases in equilibrium would readily account for the comparatively 
small difference between the transition point found by Foerster and 
by Lewis and Rivett. Moreover, the latter workers record (loc. cit., 
p. 1166) a temperature of 39° as the transition point between one 
form of anhydrous sulphite and the hydrated form; this temperature — 
is almost as much above Rivett and Lewis’s value for their most 
stable form as Barrett and Hartley’s is below. It therefore does — 
not seem impossible that Barrett and Hartley really obtained the 
most stable form of anhydrous sulphite and that their transition 
temperature of 22° represents the true transition point. 


The authors wish to thank Messrs. Brunner Mond & Co. for a 
grant which has partly covered the cost of this investigation. 


THe Dyson PERRINS LABORATORY, 
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CCXIV.—Oxidation Products of Oleic Acid. Part I. 
Conversion of Oleic Acid into Dihydroxystearic 
Acid and the Determination of the Higher Saturated 
Acids in Mixed Acids from Natural Sources. 


By Argraur LapwortH and Epwarp Nevitte Morrram. 


THE authors have suggested that an accurate estimation of higher 
saturated acids in a sample of oleic acid might be carried out by 
oxidation methods (Biochem. J., 1925, 19, 17, footnote). 

Hazura and Griissner (Monatsh., 1888, 8, 180) were able to detect 
oleic acid in mixtures by oxidising it to dihydroxystearic acid. 
Hdmed (J., 1898, 73, 627), Le Sueur (J., 1901, 79, 1313), and Nicolet 
(J. Amer. Chem. Soc., 1922, 44, 1139) investigated the conversion 
of oleic into dihydroxystearic acid, but obtained results which 
clearly indicate that their experiments were not made under very 
favourable conditions. Edmed (loc. cit.) stated that practically 
quantitative yields of the dihydroxy-acid can sometimes be obtained, 
but unfortunately gave no clue to the necessary conditions. 

Robinson and Robinson (this vol., p. 177) obtained excellent 
yields of the dihydroxy-acid by oxidising in dilute alkaline solution 
at 0°. Based on that observation, privately communicated some 
three years ago, a long series of systematic experiments has been 
carried out by the present authors and it is now possible to state 
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that the conditions essential for the nearly perfect conversion of 
oleic acid into dihydroxystearic acid are: (1) a low temperature 
(0O—10°) during the oxidation process; (2) a concentration of oleic 
acid (in the form of its sodium or potassium salt) not exceeding 0-1% ; 
(3) a concentration of the added aqueous permanganate solution 
not exceeding 1%; (4) a very short period of reaction, 5 minutes 
being sufficient for oxidation of nearly the whole of the oleic acid 
present; * (5) a slight excess of alkali should be present from the 

beginning of the oxidation, otherwise there is a danger of hydroxy- 
_ketostearic acid being formed. 

The observations can be applied to the analysis of comparatively 
impure samples of oleic acid, and in particular to the estimation of 
the proportion of all saturated fatty acids which are not volatile 
in steam, as, for example, stearic, palmitic and myristic acids. Even 
when much linolic or linolenic acid is present, their oxidation 
products (namely tetrahydroxy- and hexahydroxy-stearic acids) 
being insoluble in cold light petroleum and their degradation products 
either insoluble in light petroleum or volatile in steam, it seems 
probable that the method can be modified so as to afford a simple 
means of isolating the higher saturated fatty acids present in the 
mixed acids from many natural sources. 

Detailed Analytical Method.t—The clear solution of sodium salts 
obtained by warming about 5 g. of the “ oleic acid ”’ on the water- 
bath with an equal weight of caustic soda, dissolved in 500 c.c. 
of water, is cooled, 4 litres of ice-cold water are added, and the 
whole is well shaken at 10° while 400 c.c. of 1° potassium per- 
manganate solution are added quickly. After 5 minutes, the liquid 
is decolorised with sulphur dioxide, and concentrated hydrochloric 
acid (150 c.c.) added. The white, flocculent precipitate (A) of crude 
solid dihydroxystearic acid is drained for a short time, washed with 
about 50 c.c. of light petroleum (this greatly accelerates its subsequent 
drying: the petroleum washings are reserved),t and dried to a 
constant weight at the ordinary temperature in a vacuum desiccator. 

* It is not desirable to submit the resulting dihydroxystearic acid to 
further action of the permanganate, and if it is desired to obtain the most 
precise results, a further conversion of the very small quantity of unchanged 
oleic acid is necessary and it is best to proceed as hereinafter described. For 


many purposes the results obtained by omission of the second oxidation 
process would be accurate enough. 

t The solubility of dihydroxystearic acid in petroleum (b. p. 80—100°) is 
not more than 0-002 g. in 100 c.c. at 15°, and therefore negligible in applying 
this method. 

{ The aqueous filtrate contains no appreciable quantities of higher fatty 
acids, but does contain about 0-15 g. of products of lower molecular weight, 
such as nonoic, octoic, azelaic and suberic acids, formed by breaking down 
of a small fraction of the dihydroxystearic acid. 


3 K* 
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It is now extracted with 100—150 c.c. of warm light petroleum 
(b. p. about 70—80°), the whole cooled, filtered, and the residue 
(B) of nearly pure dihydroxystearic acid washed with several 
successive quantities of cold solvent. The petroleum extracts and 
washings are united and evaporated.* 

The residue left on evaporation of the petroleum extracts is dis: 
tilled with steam to remove traces of volatile fatty acids, and treated 
with low-boiling petroleum. This readily extracts the non-volatile 
acids, which, after evaporation of the solvent, are heated on the 


water-bath until constant in weight. On cooling, the residue (D) 


sets to a waxy solid and represents the higher saturated fatty acids — 


present in the original sample of “ oleic acid.”’ + 

EHxamples.—(1) A sample of oleic acid, O,, was isolated from olive 
oil and purified through the barium salt (Lapworth and Mottram, 
loc. cit.). Its “ first setting-point ”’ (loc. cit.) was 12-55° and a break 
in the setting-point curve of its mixtures with pure palmitic acid 


took place with 4-7°, of added palmitic acid. As the break corre- 


sponds with a total aps ae 7:2 + 0-5 of palmitic acid, O, con- 
sisted of 97-5 +.0-5% of oleic acid and 2-5 + 0-5% of materia acid. 
Results of i Pa by the above method: (a) 4:97 g. and (b) 


3:06 g. of O, gave 0-1 g. and 0-07 g., respectively, of higher saturated — 


acids, or 2:0 and 2:25%. 

These three results agree very satisfactorily with one another. 
The weight of dihydroxystearic acid, free from fatty acids, obtained 
in (a) was 5-23 g. or 96% of the calculated amount (5-45 g.) from the 
4-87 g. of pure oleic acid present. In case (b) the weight was again 
95—96% of the calculated quantity. The loss of 494 was in part 
accounted for by the presence of 0-09 g. of azaleic (or suberic) acid, 


which, in case (a), was actually isolated from the aqueous filtrate 


and had evidently arisen by further oxidation of part of the di- 
hydroxystearic acid. 


* In order to effect, if desired, a complete conversion of the small quantity 


of oleic acid which still remains, the residue left on evaporation of the petroleum 


is oxidised as described above: 50 c.c. of cold N/10-sodium hydroxide and 
100 c.c. of ice water; 15 c.c. of 1% potassium permanganate solution; 10 c.c. 
of concentrated hydrochloric acid. The precipitate (C) is washed with water, 
dried at the ordinary temperature, and extracted with cold light petroleum; 
about 0:05 g. of dihydroxystearic acid remains on the filter. 

+ ‘“‘ Non-saponifiable ”’ 
authors’ experience, to be found in the residue (D), at least not in appreciable 


constituents in the original sample are not, in the | 


quantity. If thought desirable, however, the quantity of such constituents | 


can easily be determined by the usual method, or perhaps more simply by 


dissolving the residue (D) in a little methyl alcohol, adding excess of methyl- | 
alcoholic barium hydroxide, evaporating to complete dryness, and extracting | 


the residue with dry acetone, in which barium hydroxide and barium salts of 
saturated fatty acids are insoluble, 
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The “saturated fatty acid,” as isolated, melted at 57°, and 
doubtless consisted mainly of palmitic acid (m. p. 62-5°). 

(2) Total mixed acids from olive oil. Olive oil was completely 
_hydrolysed and the resulting mixed acids (O,) were isolated. These 
had an iodine number = 88 and contained 1-4°% of ‘ unsapon- 
ifiable matter.” | 

5-0 G. of O,, treated as above described, gave 0-78 g. of higher 
saturated fatty acids (waxy, pale yellow solid, m. p. 53—54°) or 
156%. On the assumption, then, that O, contained only the 
following constituents, its composition was roughly: Oleic acid, 
72; linolic acid, 12—13; unsaponifiable matter, 1-4; higher saturated 
acids, 14—15%.* The total weight of dihydroxystearic acid 
isolated was 4-1 g. This doubtless contained tetrahydroxystearic 
acid arising from the linolic acid present, and other experiments 
have shown it to be purely fortuitous that this weight again repre- 
sents 96% of the weight of dihydroxystearic acid theoretically 
obtainable from the oleic acid estimated as present in the mixed 
acids. 

The “ unsaponifiable matter ”’ in the 0-78 g. of higher saturated 
fatty acids, determined by the methyl-alcoholic baryta method 
(footnote, p. 1630), was a negligible quantity (only 0-02 g.). 

(3) A sample of a commercial product sold as “‘ pure oleic acid ” 
yielded 16% of solid saturated fatty acids; but the weight of 
~ dihydroxystearic acid’ was very appreciably less (only 3-4 g. 
from 5g.) than in the case of example (2). The manipulations 
offered no greater difficulties than in the previous cases. 


The work described in the present paper was begun under the 
auspices of the Oils and Fats Committee of the Food Investigation 
Board. A grant from the Department of Scientific and Industrial 
Research to one of us (E. N. M.) rendered it possible for him to take 
part in the research and is gratefully acknowledged. 


Tam Universiry, MANCHESTER. [Received, May 5th, 1925.] 


: * The main object of the experiment was to ascertain whether the presence 

oi so much linolic acid would affect the ease of filtration of the crude hydr- 
_ oxystearic acid, and from this point of view the results were all that could 
be desired. It now seems probable that estimates formed by previous workers 
of the proportion of oleic acid in the mixed acids from olive oil have been 
decidedly too high and those of the saturated fatty acids too low. This con- 
_ clusion is also consistent with the experience which the writers had previously 
had in analyses of fractions of lead salts made in purifying oleic acid. 

{ Judging from the results of experiments which the authors have made 
on the production of hydroxyketostearic acid, the yield of dihydroxystearic 
acid may fall off very rapidly if the proportion of acids more highly unsaturated 

than oleic’acid exceeds a certain maximum. 
| 3K* 2 
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CCX V.—The Action of Hydrogen Peroxide on Limonene. 


By JAMES Sworp. 


THE oxidation of limonene with hydrogen peroxide (2 mols.) in 
acetic acid solution gives A8-»-menthene-1 : 2-diol as the main 
product, a small yield of terpin hydrate, an aldehyde, etc. Larger 
quantities of the oxidising agent produce a variety of oxygenated 
compounds and resinous substances. | 
Since hydrogen peroxide has no action on hydrocarbons of the 
terpene series in solvents such as ether, it would appear that acetic 
acid takes a real part in the reaction, possibly by the formation of 
peracetic acid. This is supported by the fact that the reaction 
proceeds more quickly the larger the quantity of solvent used; a 
certain minimum amount is necessary for the reaction to go to 
completion in any length of time. 


EXPERIMENTAL. 


The limonene used was obtained from oil of bitter orange (J., 
1907, 91, 1872) and had b. p. 175-5—176-5°, [a]i? + 96-89%, 
d’* 0-8453, n’”” 1-4759. 

100 C.c. of itin glacial acetic acid (375 c.c.) were shaken continuously 
for 14—18 days with perhydrol, added gradually (total 180 c.c.). 
The solution was neutralised with sodium carbonate, and extracted 
with ether, on occasions up to 40 times. ‘The extract on, concen- 
tration deposited about 1 g. of terpin hydrate, m. p. 116—117° (in 
a sealed tube) (Found: C, 62-8; H, 11-5%), and on evaporation 
left an oil, which was hydrolysed with methyl-alcoholic barium 
hydroxide, yielding an oil (a). This, on distilling under reduced 
pressure, gave three fractions : (i) a mobile oil, b. p. 110—112°/10 
mm., (ii) the main fraction, a viscous oil, b. p. 140—143°/10 mm., 
from which a glycol (b) was isolated, (iii) a semi-vitreous solid, b. p. 
150—152°/10 mm. These were all unsaturated, the unsaturation 
decreasing with increase of boiling point, and gave sodium deriv- 
atives [Found : for (i), Na, 9-5; for (ii), Na, 22-7; for (iii), Na, 16-1. 
C19H1.(ONa), requires Na, 21-3%. OC H,,-ONa requires Na, 13-0%]. 

By using the residual oil from the preparation of the sodium 
compounds (only a small quantity of sodium was used for a 
relatively large amount of oil) the glycol (6) was finally induced to 
crystallise. Thereafter it could be crystallised directly from (q). 
The residual oil after its removal yielded a small quantity of a 
p-nitrobenzoate, m. p. 79°, gave with ethereal hydrogen bromide a 
dihydrobromide which crystallised from ethyl alcohol in pearly 
plates, m. p. 44--45° (Found: Br, 53-5. Cy, )H,,¢,2HBr requires 
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Br, 53-6%), and on distillation with steam yielded an unsaturated 
oil (Found: OC, 72:0; H, 9-9%. 0-1818 G. absorbed 0-165 g. of 
bromine), from which no nitrobenzoate was obtained, and no solid 
on hydration. 

The glycol (6) is soluble in about 10 parts of water and much 
more soluble in alcohol or ether. It will crystallise only when 
hydrated. The hydrate is efflorescent and contains three molecules 
of water, all of which can be removed over sulphuric acid in a 
vacuum desiccator in the course of 4—5 days. If dried too rapidly, 
it liquefies and then sets to a hard, vitreous solid. This, in con- 
junction with the fact that the hydrate has no definite melting 
point but begins to melt about 20° below the melting point of the 
anhydrous substance, indicates that there is an intermediate 
hydrate of lower melting point. Its solution in alcohol is optically 
inactive. The anhydrous substance is snow-white, melts sharply 
at 67-5°, and is clearly the A81%-»-menthene-1 : 2-diol described 
by Prileschaev (Ber., 1909, 42, 4814) (Found: C, 70-6; H, 10-5. 
malc., ©, 70-6; H, 10-7%). 

From the original oxidation products a small quantity of an 
acid was isolated by means of its silver salt [Found: Ag, 55-4. 
O©,H,.(CO,Ag), requires Ag, 55-7%,.] 


The author wishes to acknowledge his indebtedness to Professor 
G. G. Henderson for his interest in the work. 


THE UNIVERSITY OF GLASGOW. [ Received, April 28th, 1925.] 


CCX VI.—Hydroxybenzils. 
By JoHN THompson MarsH and Henry STEPHEN. 


ScHONBERG and his collaborators (Ber., 1922, 55, 1174, 3746, 3753) 
have shown that the oxidation of benzoins gives rise to benzils of 
two types, viz., yellow compounds of the normal type, having the 
a-diketonic structure and characteristic properties, and colourless 
v-benzils, to which Schénberg ascribes a peroxidic structure which 
accounts for their slight reactivity towards the usual ketonic 
reagents. 

Up to the present, few examples of colourless benzils were known 
(compare Irvine, J., 1907, 91, 541; Vorlander, Ber., 1911, 44, 2455; 
Schonberg and Kraemer, loc. cit., p. 1174; Schdénberg and Malchow, 
loc. cit., p. 3748) and only in one case, 4 : 4’-dibenzyloxybenzil, has 
the coloured diketone been converted into the colourless peroxide 
(Schénberg and Bleyberg, loc. cit., p. 3753), and the latter, by 
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crystallisation from various solvents, reconverted into the coloured 
benzil. Schénberg therefore regards the two forms as being in 
equilibrium both in solution and at the melting point : 
RO-C,HyC—C-C,HyOR == RO-C,H,-C—0-C,H,OR. 
4 O—O 
By applying Hoesch’s method of synthesising aromatic hydroxy- 
ketones (Ber., 1915, 48, 1122) to acyl cyanides and resorcinol and 
phloroglucinol, we have prepared the eight following colourless 
hydroxybenzils; the colours produced when they are dissolved in 
concentrated sulphuric acid are recorded : 
: 4-Dihydroxybenzil, C,H,(HO),-CO-COPh, red. 
: 4-Dihydroxy-2’-methoxybenzil, C,H,(HO),-CO-CO-C,H,:OMe, oo brown. 
: 4-Dihydroxy-4’-methoxybenzil, C,H (HO), -CO-CO-C,H,:OMe, p 
: 4-Dihydroxy-3’ : 4’ ; 5’-trimethoxybenzil, C,H,(H0O),: "CO: CO: “Oa, "(OMe),, blue. 
: 4: 6-Trihydroxybenzil, C,H,(HO),-CO-COPh, red. 
:4:6-Trihydroxy-2’-methoxybenzil, C,H,(HO),-CO-CO-C,H,-OMe, reddish-brown. 
: 4: 6-Trihydroxy-4’-methoxybenzil, C,H,(HO);-CO-CO-C,H,:OMe, purple. 
:4:6-Trihydroxy-3’: 4’: 5’-trimethoxybenzil, C,H,(HO),-CO-CO-C,H,(OMe),, 
greenish-blue. 


With the exception of the last, these compounds darken before 
melting with decomposition. This change is not due to conversion 
of peroxide into diketone, for the acetyl derivatives remain 
colourless above their melting points. 

The hydroxybenzils crystallise from dilute alcohol or dilute 
acetic acid in colourless needles. ‘Their pink solutions in aqueous 
sodium hydroxide, on warming, become deep red, and on acidi- 
fication the benzils are precipitated as bright yellow needles, from 
which the colour does not completely disappear on crystallisation ; 
the melting points, however, are identical with those of the colourless 
forms. We have so far not obtained a pure, stable, coloured form 
of the above colourless benzils. 

On account of the action of the alkali, methylation of the hydroxy- 
benzils was not successful. Attempts to demethylate those com- 
pounds containing methoxy-groups did not give very satisfactory 
results. 

The trihydroxybenzils give a purple coloration with ferric 
chloride solution, but only a faint colour was noticed with the 
dihydroxy-compounds. Both di- and tri-hydroxybenzils reduce 
Fehling’s solution. 

The solutions of the hydroxybenzils in organic solvents are 
colourless even on boiling and are stable towards hydroxylamine, 
phenylhydrazine, p-nitrophenylhydrazine, semicarbazide, and 
o-phenylenediamine, and the hydroxybenzils do not undergo the 
benzilic acid transformation. 

From these facts, the authors are of the opinion that these 
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compounds are peroxides both in the crystalline form and in 
solution. 
EXPERIMENTAL. 

Preparation of Acyl Cyanides.—The following method differs in 
certain details from that suggested by Claisen (Ber., 1898, 31, 
1023) and utilised by Mauthner (Ber., 1908, 41, 921; 1909, 42, 189) 
and is of general application. It is a great improvement on the 
method of heating acid chlorides with cyanides of heavy metals. 

_ Asolution of the acid chloride (1 mol.) and pure hydrogen cyanide 

(4 mols.) in dry ether (5 vols.) was cooled in ice while anhydrous 
pyridine (4 mols.) was added gradually during 1 hour, and the 
mixture kept in ice-water for 12 hours. The pyridine hydrochloride 
was removed by filtration, and the ether and excess of pyridine 
by distillation, the latter under diminished pressure, and the 
residue of cyanide, having been freed from traces of pyridine 
hydrochloride by filtration in ethereal solution, was either distilled 
or crystallised. 

This method avoids treatment with water and thereby eliminates 
any possibility of hydrolysis of the cyanide, to which the majority 
of the acyl cyanides are prone. In the cases investigated, the 
eyanides were usually sufficiently pure for condensation after 
evaporation of the ether. The yields are good. 

Benzoyl cyanide crystallises in pale yellow needles, m. p. 32°, 
from ligroin (compare Wohler and Liebig, Annalen, 1832, 3, 267). 

o-Methoxybenzoyl Cyanide.—To prepare the requisite chloride, 
o-methoxybenzoic acid (1 mol.) was dissolved in thionyl chloride 
(14 mols.) and the solution subsequently warmed on the water-bath 
for 4 hour; the excess of thionyl chloride was removed under 
diminished pressure, and the acid chloride distilled; b. p. 136°/12 
mm. The duration of heating should not be longer than that 
stated, since thionyl chloride tends to demethylate the acid chloride. 
The same remarks apply to the preparation of p-methoxy- and 
3:4: 5-trimethoxy-benzoyl chlorides. Phosphorus pentachloride 
may be used in place of thionyl chloride, but gives poorer yields. 
0-Methoxybenzoyl cyanide crystallises from ligroin in long, yellow 
needles, m p. 56°, b. p. 161°/12 mm. (Found: C, 67-15; H, 4-2. 
O,H,O,N requires C, 67:1; H, 4:35%). It is readily soluble in 
most organic solvents and is rapidly hydrolysed by water. 

p-Methoxybenzoyl cyanide has m. p. 63—64°, b. p. 150°/12 mm., 
and 3:4: 5-trimethoxybenzoyl cyanide, m. p. 136—137° (compare 
Mauthner, loc. cit.). Cinnamoyl cyanide, m. p. 114—115°, was 
made by the acylation of hydrogen cyanide for the first time 
(compare Claisen and Moritz, Ber., 1880, 13, 2124). 

Preparation of Benzils—Dry hydrogen chloride was passed 
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rapidly for 23 hours into a solution of the acyl cyanide (1 mol.) and 
resorcinol (or phloroglucinol) (1-1 mols.) in dry ether. p-Methoxy- 
and 3:4: 5-trimethoxy-benzoyl cyanides, which are sparingly 
soluble in ether, were dissolved in chloroform and added to the 
ethereal solution of resorcinol (or phloroglucinol). The presence 
of chloroform hastened the deposition of the ketimine salt. The 
solution, which in every case turned red, was kept in ice for 3 days. 
The deposited ketimine hydrochloride was washed with ether, 
dissolved in just sufficient water, and the solution warmed to 60° 
and treated with sodium acetate, which precipitated the white, 
crystalline ketimine. This was readily soluble in dilute hydro- 
chloric and sulphuric acids, the latter solution depositing a 
crystalline sulphate, generated ammonia when gently warmed with 
dilute aqueous sodium hydroxide, and was converted into the 
colourless benzil by boiling aqueous sodium acetate, the golden- 
brown colour of the solution soon fading to pale yellow. The 
following changes therefore probably occur during the hydrolysis : 


R-O—C-R’ R-C—C-R’ uae R-C—C¢-R’ 
O—NH. O NH O—O 
Colourless. Coloured. Colourless. 


Aqueous solutions of the ketimine hydrochlorides required 
several hours’ warming on the water-bath before hydrolysis was 
complete. 

2:4-Dihydroxybenzil has m. p. 239°, turning reddish-brown at 
about 234° (Found: C, 69-8; H, 4-2. C,,H,,0, requires C, 69-4; 
H, 4:1%). 

2: 4-Dihydroxybenzil was described by Finzi (Monatsh., 1905, 
26, 1128) as a brown, amorphous substance, m. p. 239°. We were 
unable to make the dioxime and repetition of Finzi’s experiment 
for the preparation of its hydrochloride failed to give the result 
he stated. 

2: 4-Diacetoxybenzil was prepared by boiling a solution of the 
benzil in acetic anhydride for 4 hours and pouring it into water, 
when the acetyl compound separated as a thick, pasty mass which 
soon solidified. It crystallised from alcohol in colourless needles, — 
m. p. 159° (Found: C, 66-5; H, 4-4. C,,H,,0O, requires C, 66-25; 
1 4-3%). 

The same method was employed for the preparation of the acetyl 
derivatives of the other benzils. 

2: 4-Dihydroxy-2'-methoxybenzil has m. p. 223° after darkening 
at about 210° (Found: C, 66-3; H, 4:5. C,;H,,0, requires 
C, 66-2; H, 44%). The diacetyl derivative has m. p. 144° (Found : 
C, 64:4; H, 4-7. C,,H,,O, requires C, 64:1; H, 4-5%). 
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2 : 4-Dihydroxy-4'-methoxybenzil has m. p. 234° after darkening 
at about 225° (Found: C, 66:3; H, 46%), and the diacetyl 
derivative has m. p. 178-5° (Found: C, 64:3; H, 46%). 

2: 4-Dihydroay-3' : 4’ : 5’-trimethoxybenzil has m. p. 257° after 
turning pink at 175°, yellow at 200°, and darkening at about 245° 
(Found: C, 61:6; H, 5-0. C,,H,,0, requires C, 61-45; H, 4:8%). 
The diacetyl derivative has m. p. 155° (Found: C, 60:3; H, 4-7. 
C,,H. 0, requires C, 60-6; H, 4:8%). 
 2:4:6-Trihydroxybenzil has m. p. 287° after darkening at about 
260° (Found: C, 65:2; H, 4:2. (C,,H,.O; requires C, 65-1; 
H, 3:9%). The triacetyl derivative has m. p. 248° (Found : C, 62°6; 
H, 4:4. C,,H,,O, requires C, 62:5; H, 4.2%). 

2:4: 6-Trihydroxy-2'-methoxybenzil has m. p. 235° after darkening 
at about 200° (Found: OC, 62-8; H, 4:3. ©,;H,,0, requires 
C, 62-5; H,4:2%). 2:4:6-Triacetoxy-2'-methoxybenzil has m. p. 135°. 

2:4: 6-Trihydroxy-4'-methoxybenzil has m. p. 262° after darkening 
at about 250° (Found : C, 62:7; H, 4:2%). Its triacetyl derivative 
has m. p. 241° (Found: C, 61:0; H, 4:4. ©,,H,,0, requires 
C, 60-8; H, 4:3%). 

2:4: 6-Trihydroxy-3’ : 4’ : 5'-tromethoxybenzil has m. p. 187° 
(Found: C, 58-6; H, 4:8. C,,H,,0, requires C, 58-7; H, 4.6%). 
The triacetyl derivative has m. p. 258° (Found: C, 58:1; H, 4-4. 
C,,H,.0,, requires C, 58-3; H, 4-6%). 

The triacetoxybenzils are only moderately soluble in alcohol and 
were crystallised from alcohol-acetic acid. 


THe UNIVERSITY, MANCHESTER. [Received, May 1st, 1925.] 


CCX VII.—Siudies of the Glucosides. Part III. The 
Synthesis of ** Thioindican.” 


By James Crark and ALEXANDER KiILLEN MAcBETH. 


Macseru and Prypb& (J., 1922, 121, 1660) deduced the constitution 
of indican from a study of the hydrolytic products of the methylated 
glucoside, and hoped to synthesise the glucoside itself through the 
condensation of tetra-acetylbromoglucose and derivatives of indoxyl. 
From preliminary attempts it would appear that indoxyl in rela- 
tively large amounts is necessary for successful condensation. In 
view of the difficulty in obtaining sufficient quantities of this 
material, and of the ease with which it oxidises, it was decided to 
standardise the experimental methods by examining the conditions 
in the case of the condensation of tetra-acetylbromoglucose and 
3-oxy(1)thionaphthen. 
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The work described in this paper is outlined in the following 
scheme : 


3-Oxy(1)thionaphthen and Tetra-acetylbromoglucose 
Condense and reacetylate 


iy. 
Tetra-acetyl 3-oxy(1)thionaphthen glucoside 
CH,(OAc):CH(OAc): ‘CH CH(OAc):CH(OAc):CH-0-C,H,S 


they. pg Femmes e) ae 


* Thioindican ”’ [3-Oxy(1)thionaphthen glucoside] 
(I.) CH,(OH)-CH(OH)-CH-CH(OH)-CH(OH)-CH-0-C—C,H, 
L—____9———__ CHS 


EXPERIMENTAL. 


Tetra-acetylbromoglucose is most conveniently prepared in small 
quantities by a method devised in the St. Andrews Laboratories. 
Acetyl bromide (40 g.) is added to anhydrous glucose (10 g.) in a 
flask immersed in cold water and attached to a reflux condenser. 
After about 10 minutes a vigorous reaction sets in and the glucose 
has all dissolved in about 4 hour. The product is poured into 
ice-water (300 c.c.), and the resulting solid twice washed with 
sodium bicarbonate solution and then with water until free from 
acid. ‘The dried ethereal solution of the residue is concentrated — 
greatly, and the addition of light petroleum precipitates an oil 
which solidifies within 12 hours. Rapid recrystallisation from 
amyl alcohol gives a pure white, crystalline product which keeps 
for several months in a desiccator over soda-lime or calcium chloride 
(yield 10—12 g.). 

3-Oxy(1)thionaphthen was prepared by Smiles and McClelland’s 
method (J., 1921, 119, 1813). We obtained better yields by 
keeping the temperature at 40—45° during the initial condensation 
of the 2-thiolbenzoic acid and ethyl acetoacetate and aloula 
the reaction to continue for about 2 hours. 

Condensation of T'etra-acetylbromoglucose and 3-Oxy(1)thtionaphthen. 
—Attempts to effect the condensation in ethereal solution by 
shaking with silver oxide gave a product containing a considerable 
quantity of “ thioindigo,’’ from which none of the tetra-acetyl 
glucoside could be isolated. The best results were obtained by 
heating tetra-acetylbromoglucose (25 g.) and 3-oxy(1)thionaphthen 
(13 g.) with quinoline (10 g.) for about 2 hours at 105—110° in an 
atmosphere of carbon dioxide. The product was poured into ice- 
water (300 c.c.), extracted with ether, and the extract was washed 
free from quinoline with N-sulphuric acid, then with sodium 
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bicarbonate solution and water until free from acid. After evapor- 
ation of the ether, a rapid steam distillation removed the excess 
of oxythionaphthen. Thereafter the water was distilled off under 
reduced pressure, and the dry residual syrup reacetylated by acetic 
anhydride (60 c.c.) and pyridine (60 c.c.). The crude tetra-acetyl 
glucoside was obtained by pouring the acetylation mixture into 
ice-water and ether and washing as described above. The red 
syrupy residue from the ethereal extract was dissolved in hot 
-aleohol (150 c.c.), and hot water carefully added until turbidity 
was just appearing. ‘The brown solid obtained on standing yielded 
in the best experiments about 2-5 g. of white needles, m. p. 106°, 
of the tetra-acetyl glucoside after repeated crystallisation from 60% 
alcohol. The glucoside is insoluble in water but soluble in the 
usual organic solvents. In acetone it has [«])-+ 7-4° (Found: 
C, 54-7; H, 4:8; S, 6-7. C,,.H,,0,)98 requires C, 55-0; H, 5-0; 
S, 6-7%). 

In some experiments, the product obtained was a dark syrup 
which could not be crystallised even after reacetylation. It con- 
tained no bromine, did not reduce Fehling’s solution, and analysis 
showed it to consist essentially of the tetra-acetyl glucoside; and 
on deacetylation it yielded the parent glucoside. 

Deacetylation of the Tetra-acetyl Glucoside.—(a) With bariwm 
hydroxide. Barium hydroxide (45 c.c. of 0-174 N-solution) was 
added to a hot solution of the tetra-acetyl glucoside (0-8268 g.) in 
alcohol (40 c.c.). After some minutes barium was precipitated by 
a stream of carbon dioxide, and the carbonate filtered and washed 
with alcohol. The united filtrates on evaporation under diminished 
pressure gave a red syrup, which was extracted with boiling alcohol, 
and hot water added to the filtrate till turbidity was just appearing. 
On cooling, “‘ thioindican ”’ (I) separated as a mass of fine, glistening 
needles, coloured pink by traces of “ thioindigo.”’ Recrystallised 
with the aid of a little norit, it gave a pure white product (0-15 g.), 
m. p. 73°5°, which behaved as a glucoside and did not reduce 
Fehling’s solution until after hydrolysis. It was soluble in alcohol 
or acetone, and insoluble in ether, light petroleum, or water. The 
rotation, showing a low dextro-value, was too small at the low 
concentration available to give a trustworthy reading (Found : 
C, 53-6; H, 5-3. C,,H,,0,S requires C, 53-8; H, 5-1%). 

(b) Alcoholic ammonia. In this more satisfactory method, the 
tetra-acetyl glucoside (0-8 g.) was dissolved in a solution of dry 
ammonia in absolute alcohol. After 10 hours the greater part of 
the ammonia was removed by a current of air, and the residual 
solution evaporated under diminished pressure at a bath tem- 
perature of 20°. Acetamide was removed by extracting the product 


1640 GOODSON AND HENRY: ECHITAMINE. 


six times with water (10 ¢.c.), and the residue crystallised as described 
in (a). Yield 0-13 g. (25% of the theoretical). 

Since the red syrup already referred to proved to be essentially 
glucosidic, it was subjected to hydrolysis as described above. 
Acetamide and other impurities were removed by repeated extrac- 
tion with ether. Addition of light petroleum to a concentrated 
alcoholic solution of the residue precipitated a red solid which on 
repeated crystallisation from aqueous alcohol yielded fine, white 
needles of the parent glucoside, m. p. 73-5°. 

Estimation of the oxythionaphthen content of the glucoside by 
simultaneous hydrolysis and condensation with isatin in aqueous — 
hydrochloric acid solution according to the method for estimating 
indican in plant extracts (Orchardson, Wood, and Bloxam, J. Soc. 
Chem. Ind., 1907, 26, 4) gave results which were much too low 
even when the acid concentration was considerably increased and 
the time of refluxing greatly extended. The characteristic red 
condensation product was obtained in a yield of only 48%, the 
low m. p. of the glucoside and its insolubility in water being doubt- 
less the cause. The estimation may, however, be carried out 
satisfactorily in alcoholic solution. A solution of “ thioindican ”’ 
(0-0405 g.) in alcohol (100 c.c.) containing isatin (0:23 g.) and 
concentrated hydrochloric acid (20 c.c.), when boiled under reflux 
for 10 hours, gave 0-0364 g. of the red condensation product 
(C,,H,O.N.S). Theory requires 0-0362 g. 


We are indebted to the Department of Scientific and Industrial 
Research for a grant which enabled one of us (J. C.) to participate 
in the work. 


THe UNIvERSITY, St. ANDREWS. 
THE UNIVERSITY, DURHAM. [Recewed, May 14th, 1925.] 


CCX VIII.—Echitamine. 
By Jonun Aucustus Goopson and THomas ANDERSON HENRY. 


THe alkaloid echitamine was first prepared by Gorup-Besanez 
(Annalen, 1875, 176, 88) from the bark of Alstonia scholaris, R.Br. 
(Hchites scholaris, L.) and was the subject of much controversy 
between O. Hesse (Annalen, 1875, 176, 326; 178, 49 (with Jobst) ; 
1880, 203, 144; Ber., 1880, 13, 1841) and Harnack (Arch. exp. 
Path. Pharm., 1877, 7, 126; Ber., 1878, 11, 2004; 1880, 13, 1648) 
in the course of which it was shown that Harnack’s ditaine (derived 
from ‘dita bark,’’ a native name for the bark of A. scholaris) is 
identical with echitamine. Hesse’s observations on the alkaloid 
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were largely confirmed by Bacon (Philippine J. Sci., 1906, 1, 1007). 
The position arrived at may be summarised thus: A. scholaris 
bark contains at least two alkaloids: (a) ditamine, amorphous, 
isolated by extracting with ether the residue from an alcoholic 
extract of the bark, rendered alkaline with ammonia, and (b) 
echitamine (ditaine), obtained by extraction of the same residue, 
rendered alkaline with solution of sodium or potassium hydroxide, 
with chloroform, after the removal of ditamine. It is clear from 
this preliminary work that echitamine is a strong base which, 
unlike ditamine, cannot be liberated from its salts by ammonia, 
and the separation of the two alkaloids is based on this fact. The 
first description of echitamine was given by Hesse (Annalen, 1880, 
203, 144), who stated that the free base (echitammonium hydroxide) 
formed glassy prisms, C,.H,,O,N,,3H,O, m. p. 206°, [a] — 28-8° 
in alcohol, lost 3H,O at 80° and a fourth molecule of water at 105° 
in a vacuum, foraichag a new base, C,,.H,,0,N,, weaker than the 
original, but yielding the same hydrochloride, C,,H,,0,N.,HCIl. 
Harnack, on the contrary, assigned the formula C,,H,,0,N,,HCl to 
the hydrochloride. 

In addition to A. scholaris, several other species of Alstonia 
have been examined. Hesse found in A. constricta the amorphous 
bases porphyrine and chlorogenine (subsequently renamed alstonine) 
and the crystalline alkaloid, alstonidine (Annalen, 1865, Suppl. 
IV, p. 40; 1880, 205, 360; Ber., 1878, 11 ,1546. Compare von 
Muller and Rummel, J., 1879, 35, 31; Oberlin and Schlagdenhauffen, 
J. Pharm., 1879, 28, 576). From a Java species, A. spectabilis, 
R. Brown, Hesse obtained echitamine, ditamine and two other 
alkaloids, echitenine and alstonamine, the last-named substance 
being crystalline (Ber., 1878, 11, 1546; Annalen, 1880, 203, 170), 
but could find no trace of Scharlec’s alstonine (Genees. Tijd. Ned. 
Ind., 1863, 10, 209). 

Much work has also been done on the sterols and other crystalline, 
non-nitrogenous substances of Alstonia species. Jobst and Hesse 
found in A. scholaris bark, echikautschin (amorphous); echicerin, 
C.5H,,05, m. p. 157°, [«]p + 63-75°; echitin, C,,H;,0,, m. p. 170°, 
[«]p + 75-25°; echitein, C,,H,,.0,, m. p. 195°, [«]p + 85-4°, and 
echiretin, C,,H;,O, (amorphous). 

From the dried latex of Alstonia costulata, Mig. (Dyera cost- 
ulata, Hook) Sack and Tollens isolated a similar series of sterols 
(Ber., 1904, 37, 4110), which Cohen (Arch. Pharm., 1907, 245, 236) 
subsequently identified with lupeol, and «- and 8-amyrins, and Ultée 
(Chem. Weekblad, 1914, 14, 456) found the same three constituents 
in the latex of A. scholaris. 

The material used in the present investigation consisted of bark 
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derived from A. congensis, Engler. The first sample was collected 


in the Cameroons by Dr. Lehmann, and for it and the supplies 
subsequently received from the Cameroons, the Conservator of 
Forests, Gold Coast, and the Director of Forests, Nigeria, the authors 
are indebted to the kindness of Dr. Hill, Director of the Royal 
Botanic Gardens, Kew. 

The results of the present investigation confirm Hesse’s empirical 
formula for echitamine, and many of the unexplained points 
recorded by Hesse and Harnack in the course of their controversy 
as to the formula of echitamine are accounted for by the fact now 


established that echitamine is a methyl ester and is hydrolysed — 


with great ease, forming the new base demethylechitamine, C,,H,,0,N). 
It is also shown that echitamine contains a methylimino-group, 
but whether this has a tertiary or secondary nitrogen is uncertain, 
as the alkaloid appears to yield a crystalline nitroso-derivative. For 
the same reason, it is uncertain whether one or two hydroxyl groups 
are present, as the second acetyl group in the diacetylechitamine 
now described may indicate the presence of either a hydroxyl group 
or a secondary nitrogen atom. 

Finally, the fact that the parent alkaloid and all the derivatives 


described give an intense blue colour with Hopkin and Cole’s — 


glyoxylic reagent for tryptophan (Proc. Roy. Soc., 1901, 68, 21) 
must be taken to mean that echitamine has an indole nucleus, 
and support for this view is given by the production of an indole- 


like base, as one product, when echitamine is distilled with . 


alkalis. 


A, congensis bark, like other barks of this genus, contains much — 


amorphous alkaloid in addition to echitamine and yields a large 
quantity of non-nitrogenous products. Of the latter, one substance, 


a well-crystallised lactone, CyH,,0,, was isolated as a by-product — 


in the purification of echitamine and has been characterised. It is 
converted by sodium hydroxide into a crystalline sodium salt, 
C,H,,0,Na, and yields a monoacetyl derivative, so that its formula 


may be extended thus, HO-C,H,,CO-O. 

For some of the echitamine used in this investigation the authors 
are indebted to Prof. F. L. Pyman, F.R.S., who isolated it from the 
bark of another species, A. Gilleitii, kindly supplied by Fr. Just. 
Gillet, Curator of the Botanic Gardens, Kisanti, Belgian Congo. 


The various Alstonia barks are used in the localities where they — 


occur, as remedies for malaria, but so far no attempt has been made 
to use echitamine in medicine. The authors are indebted to Dr. 


J. Trevan of the Wellcome Physiological Research Laboratories — 


for the observation that echitamine hydrochloride is toxic to mice 


Sted 
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in doses of 0:3 to 0-5 mg. per 20 g. and that it acts by paralysis of 
the medulla. 

In connexion with the use of the bark in malaria Major Brown 
of the Wellcome Bureau of Scientific Research found that the 
hydrochloride was not toxic to protozoa (Glaucoma) at a concen- 
tration of 0-03°%, but became so at a concentration of 0-0025% in 
presence of V/800-alkali (compare Bacon, loc. cit.). 


EXPERIMENTAL. 


The finely-ground bark (1 kg.) was exhausted with hot alcohol, 
the concentrated solution poured into warm 1% acetic acid (500 c.c.), 
and the filtrate from this concentrated to 200 c.c. After agitation 
with ether (extract A) and chloroform (extract B) in turn to remove 
wax and other impurities, the liquor was rendered alkaline with 
sodium hydroxide solution and the liberated alkaloids were dis- 
solved out with chloroform. The residue from the chloroformic 
solution was dissolved in alcohol, and the liquid rendered slightly 
acid with hydrochloric acid (10%) and set aside. Echitamine 
hydrochloride gradually crystallised and was collected, washed 
with a little alcohol, and recrystallised from water. The yield of 
crystalline hydrochloride from different samples of A. congensis bark 
varied considerably. 


Gold Coast. Nigeria. Cameroons. 
Total alkaloid % .......,.....+. 0-38 to 0:56 0-11 to 0-12 0:18 
_ Echitamine hydrochloride % 0:18 to 0-34 0-03 to 0-04 0-09 


As few data are recorded by previous workers regarding the base 
and its salts, the opportunity has been taken to characterise these 
substances. 

The hydrochloride obtained was identical with echitamine hydro- 
chloride from A. scholaris bark. When crystallised quickly from 
water, it forms long, anhydrous needles, m. p. 295° (corr.; decomp.), 
[a] — 58° (in water; c = 1%) (Found: C, 62:6, 62:9; H, 7-1, 7-1; 
N, 6-4; Cl, 8-4, 8-5. ©,.H,,0,N,, HCl requires C, 62:8; H, 69; 
N, 6-9; Cl, 8-4%). When crystallised slowly from water, it forms 
stumpy prisms, m. p. 292° (corr. ; decomp.), [«]}?/ — 54-3° (c = 1-028; 
water) (Found: loss at 100° in a vacuum, 4:79. Calc. for 
C,.H,,0,N,,HCl,H,O: H,0, 4:15%). Both forms of the hydrochloride 
are neutral to litmus. Hesse (loc. cit.) records for his hydrochloride 
C,,H,,0,N.,HCl, [«]p — 57° (c =2; water). The hydrobromide, 
similarly obtained, forms transparent prisms, m. p. 258° (air-dry; 
corr.; decomp.), 268° (dry; corr.; decomp.), [a]? — 438-5° for the 
hydrated salt (c = 0-804 in water) (Found: C, 56-4; H, 6-5; Br, 
16-9. Cale. for C,.H,,0,N,,HBr : C, 56-8; H, 6-3; Br, 17-2%. Loss 
on drying at 105° in a vacuum, 3-7. Calc. for C,.H,.0,N,,HBr,H,0 : 
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H,O, 3°7%). Hesse gives the formula C,,H,,0,N,,HBr,2H,O to 
his hydrobromide. 

The hydriodide, similarly prepared, crystallises from water in 
long, anhydrous prisms, m. p. 267° (corr.; decomp.) (Found: OC, 
51-4; H, 5-9; I, 24:0. Cale. for C,,.H,,0,N,,HI: C, 51-6; H, 5-7; 
IT, 24:8%). 

The sulphate is more soluble than the halide salts, separates 
only after considerable concentration of the neutralised solution, 
and is best recrystallised by adding alcohol to a strong solution of — 
the salt in water. It forms rosettes of needles, which decompose 
from 275° onwards; [a]? — 51-6° (c = 2-58 in water) [Found for 
air-dry salt : loss at 100° in a vacuum, 2-4. (C,.H,,0,N.)o,H,SO,,H,O 
requires H,O, 2:049,. Found in dry salt: H,SO,, 11-46. Cale., 
H,SO,, 11:31%]. 

The nitrate, obtained by neutralising the base in chloroform with 
N/10-nitric acid, separates, on cooling the concentrated aqueous 
solution, in elongated pyramids, C,,H,,0,N,,HNO,,2H,O, m. p. 
127° (air-dry; corr.; decomp.), 176° (dry; corr.), [«]} — 51-4° 
(air-dry salt in water; c = 1-01) (Found : loss on drying in a vacuum 
over sulphuric acid, 8:15. Calc.,7-45%. Foundin dry salt : C, 58-9; 
H, 6-8. Calc., C, 59:0; H, 6-5%). 

The neutral oxalate, (C,.>H,,0,N.).,H,C,0,, was only obtained 
as a gelatinous precipitate, although Hesse (loc. cit.) obtained it 
crystalline (Found: C, 63-9; H, 6-7. Calc., C, 64-3; H, 6-8%). 
When the calculated quantity of oxalic acid is added to a solution 
of the base in alcohol, the neutral oxalate first formed dissolves and 
on adding a little water and removing the alcohol by distillation 
in a vacuum, rosettes of needles of echitamine hydrogen oxalate, 
Cy9H,,0,N,,H,C,0,,2H,O, m. p. 238° (corr.; decomp.), separate on 
cooling (Found: loss on drying at 100° in a vacuum, 6:3. Calc., 
H,O, 7:05. Found in dry salt: C, 61:0; H, 7-0. Cale., C, 60-7; 
H, 6-4%). 

The picrate is precipitated when picric acid solution is added 
to the hydrochloride dissolved in water. The air-dry substance 
softens at 50°, decomposes at 98°, and loses in a vacuum at atmo- 
spheric temperature over sulphuric acid 41-3%, corresponding to 
24H,0. On recrystallisation from dilute alcohol it forms minute 
rosettes of needles, C,.H,,.0,N,,C,H,(OH)(NO,)3,2H,O, which 
behave like the air-dry substance on heating (Found : loss on drying 
in a vacuum over sulphuric acid, 5-5. Calc., 5-694. Found in dry 
substance: C, 54:6; H, 5-1. Cale., C, 54-8; H, 5-1%). 

Determinations of methoxyl and methylimino-groups by the usual 
methods on the hydrochloride and hydriodide gave the following 
results. Hydrochloride: Found; MeO, 7-2; NMe, 7-6. Cale. 
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for MeO, 7-4; NMe, 6-9%. Hydriodide: Found; MeO, 6-0, 6-1; 
NMe, 6-0. Calc. for MeO, 6-1; NMe, 5-7%. 

Diacetylechitamine Hydrochloride.—Kchitamine hydrochloride was 
mixed with a few drops of pyridine and heated at 100° with six 
parts by weight of acetic anhydride. On cooling, the diacetyl 
derivative separated in silky masses of needles and more was obtained 
by concentrating under reduced pressure. After recrystallisation 
from ethyl acetate the substance had m. p. 271° (corr.; decomp.) 
[Found in substance dried at 105° in a vacuum: C, 61-7; H, 6-7; 
Cl, 6-8; MeO, 6-6; acetic acid (by hydrolysis with phosphoric acid), 
26-2. C,.H,,.0,N,Ac,,HCl requires C, 61-8; H, 6-6; Cl, 7-0; MeO, 
6-2; acetic acid, 23-8%]. 

Hydrolysis of Echitamine.—The base used in preparing the salts 
described above was obtained by dissolving the hydrochloride, as 
isolated (p. 1643), in water, adding sodium hydroxide, and extracting 
with chloroform. If complete removal of this solvent by distillation 
is attempted, the base decomposes as already recorded by Hesse 
(Annalen, 1880, 203, 144), who called the product oxyechitamine 
and gave it the formula C,,H,,0;N,. The change is probably 
more profound than Hesse supposed, but the substance has not been 
examined in the course of this work. The solvent can, however, 
be largely removed by distillation and the residue, dissolved in 
alcohol, used for the preparation of salts, but it has not been possible 
to induce the base to crystallise, though Hesse, as already stated, 
obtained a base which he at one time regarded as a crystalline 
tetrahydrate, C,,H,,0,N,,4H,O. In the course of attempts to 
_erystallise the base, water was added (after some days) to a solution 
in alcohol, prepared as described, and on long standing this deposited 
erystalline material, more of which was slowly obtained by continued 
dilution with water. 

The same substance was produced more rapidly by heating 
echitamine hydrochloride in sealed tubes at 120° during 6 hours 
with 0-24N-sodium hydroxide solution (20 c.c. per g. of hydro- 
chloride). It can be recrystallised from hot 70°% alcohol and then 

forms prisms or hexagonal plates, m. p. 290° (air-dry; corr.; 
decomp.) or 268° (dry; corr.; decomp.). It is sparingly soluble in 
alcohol, chloroform, or water and is neutral to litmus. It forms a 
hydrochloride crystallising in prisms from hot water, m. p. 306° 
(corr.; decomp.), which is acid to litmus and much less soluble in 
water (1 in 209, approx.) than echitamine hydrochloride (1 in 76 
approx.) (Found for air-dry base: C, 62-2; H, 7-5; loss in a vacuum 
ab 130°, 8-7. C,,H,,O,N,,2H,O requires C, 62-0; H, 7-4; H,O, 
8-99. Found for base dried at 130° in a vacuum: C, 68-0, 68-3; 
Wea, td; NN, 7-8. C,,H,.0,N, requires 0, 68-1; H, 7-1;.N, 7-6%. 
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Found for hydrochloride, dried at 100° in a vacuum : OC, 62-1, 62:2; 
H, 6-8, 6-8; Cl, 8:7. Calc. for C,,H,,O,N,,HC1: C, 62-0; H, 6-7; 
Oh 8-75). : 

These analyses indicate that the new base contains —CH, less 
than echitamine, and determinations showed that it still contained 
a methylimino-group but had lost the methoxyl group of echitamine 
(Found for air-dry base: MeO, 0; NMe, 7-1. C,,H,,0,N, requires 
NMe, 7:8%. Found for dry hydrochloride: MeO, 0; NMe, 6-8. 
C,,H,,0,N,,HCl requires NMe, 7-:1%). The new base is therefore 
called demethylechitamine and all its reactions indicate that the methyl 
group has been lost from a carbomethoxy-group. This assumption — 
accounts for the neutrality to litmus of demethylechitamine and the 
acidity to litmus of the hydrochloride, echitamine being strongly 
alkaline and its hydrochloride neutral to this indicator. The new 
base, like echitamine and all its salts, gives an intense blue coloration 
with Hopkin and Cole’s glyoxylic reagent for tryptophan. 

Action of Nitric Acid on Echitamine.—Harnack stated (Ber. i 
1878, 14, 2004) that a carmine-red base was produced by the action 
of concentrated nitric acid on echitamine, but the substance was not 
analysed or further described. When nitric acid (18 c.c.) is added 
to echitamine nitrate (3-19 g.) in water (180 c.c.) and the solution 
is warmed at 100°, it becomes red, then green, and finally yellow. 
When sodium hydroxide solution is added to the cooled liquid, a 
red base is precipitated; and a little more can be recovered by 
extraction with chloroform. A solution of the red base in dilute 
alcohol on concentration and standing déposits rosettes of minute 
needles (yield 1-4 g.), but the bulk of it remains amorphous. After 
recrystallisation the air-dry base began to decompose at 156° and 
aiter drying at 105° in a vacuum showed shrinkage at 163° (corr.) 
and frothed at 184° (corr.). It is almost insoluble in water, forms a 
red solution in alcohol and in chloroform a yellow solution with a 
red fluorescence [Found in air-dry base: loss at 105° in a vacuum, 
12-1. C,.H,,0,N,(NO,).,.4H,0 requires H,O, 13-2%. Found in 
base dried at 105° in a vacuum: C, 55-6; H, 6:0; N, 11-6. Cale.: 
C, 55:7; H, 5-5; N, 11-8%]. 

The red base still contains intact the methoxyl group of echitamine 
(Found in dry base: MeO, 6-9. Calc., 6-5). 

The red colour is sharply changed to yellow on neutralisation 
with acid, and on adding standard alkali to a solution of a known 
weight of the base in a known excess of standard acid a sharp end- 
point is reached when a slight permanent red precipitate is formed. 
A molecular-weight determination by this method gave 474 [Cale. 
for C,,H,,.0,N,(NO.,)o, M, 489]. The red base appears therefore to 
be a simple dinitro- derivative of echitamine, but the change is’ 
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probably more far-reaching than is indicated by the empirical 
formula. 

On treatment with sodium nitrite and dilute hydrochloric acid 
at 0°, echitamine gives a small yield (8°%) of a substance crystallising 
from ether in rosettes of yellow needles, which shrinks at 140° and 
melts at 157° (decomp.) and, as it gives Liebermann’s reaction, is 
probably a nitroso-derivative. 

Distillation of Echitamine with Alkalis——When echitamine is 
heated dry with soda-lime or with an aqueous solution of potassium 
hydroxide (50%), an alkaline, aqueous distillate is obtained when 
the temperature is kept below 250°. On neutralisation with 
hydrochloric acid and redistillation, this affords a distillate which 
when poured on a hot, oxidised copper spiral yields formaldehyde, 
due to the presence of methyl alcohol liberated by the hydrolysis of 
the carbomethoxy-group already referred to (p. 1646). The aqueous 
liquor in the distillation flask, on evaporation to dryness, left a small 
quantity of a hydrochloride. 

The distillation was continued up to 310° and finally under 
reduced pressure until nothing more came over. The distillates 
thus obtained were acidified and extracted with ether, which 
removed 0-68 g. (from 8-6 g. of alkaloid) of an oil, having a pro- 
nounced fecal odour. This oil gave a red coloration with Ehrlich’s 
reagent, an orange colour with Nelson’s solution, and dyed a pine 
splint, moistened with hydrochloric acid, red. It appeared therefore 
to be an indole derivative, but no well-defined product could be 
obtained from it. The acid mother-liquor was rendered alkaline and 
again extracted with ether, which removed 0-3 g. of a base from 
which also no crystalline derivatives could be obtained. The 
alkaline mother-liquor was then distilled, the distillate collected in 
dilute hydrochloric acid, and the salt produced isolated by the addi- 
tion of alcohol to the highly concentrated liquor. The crystalline 
hydrochloride so obtained contained 52-5°% of chlorine (Calc. for 
CH,-NH,, HCl : Cl,52-5%). 

The products of this distillation are therefore methyl alcohol, 
methylamine, an indole derivative, and a third base. 


Non-alkaloidal Constituents. 


Isolation of a Lactone, C,H,,0,—No attempt has been made to 
isolate the components of the waxy and other materials removed in 
extracts A and B (p. 1642) in the purification of the acetic acid solu- 
tion, but as these materials retained some alkaloid they were 
extracted with dilute hydrochloric acid, which was then rendered 
alkaline with ammonia and re-extracted with chloroform. In this 
way a crystalline, nitrogen-free product was isolated, more of which 
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was obtained from the mother-liquors remaining from the separ- 
ation of crude echitamine hydrochloride. The total yield amounted 
to 0:02% by weight of the bark used. No evidence has been 
obtained that this substance is a decomposition product of echitamine. 
It crystallises from hot water in colourless prisms or long needles, 
m. p. 74—77° (air-dry; corr.) or 103° [(dry; corr.), and has 
[a]; + 49-9° (air-dry substance in water, c = 2-5) or + 56-4° 
(dry substance in water, c = 2-5), is neutral in reaction, fairly 
soluble in water or chloroform and sparingly soluble in ether (Found : — 
loss on drying in a vacuum at 60° and finally at 90°, 9-84. 
C,H,,03,H,O requires H,O, 9:57%. Found in dried substance : — 
C, 63-4, 63-7; H, 8-4, 8-5. C,H,,03 requires C, 63-5; H, 8-3%). 

No methoxyl or dioxymethylene group is present. The substance 
dissolves in solutions of sodium hydroxide, and the excess of alkali 
can be titrated back by standard hydrochloric acid with phenol- 
phthalein as indicator. Such determinations indicated that the 
hydrated substance neutralised 20-79, of sodium hydroxide (Cale., 
21:39) and the dry substance, 23-5% (Calc., 23-5%). A solution ~ 
in the calculated quantity of sodium hydroxide solution was con- 
centrated, and kept after the addition of dry alcohol, when the 
corresponding sodium salt was obtained as a hygroscopic, crystalline 
substance (Found : loss on drying at 90—100° in a vacuum, 15-99. 
Cale. for 2H,O, 14-63%. Found in dry salt: Na, 10-64. Cale. 
for C,H,;0,Na: Na, 10-949). The substance is therefore a 
lactone of an acid C,H,,Q,. 

On boiling the lactone with five times its weight of acetic anhydride 
for 1 hour, concentrating the solution under reduced pressure to 
half its volume, pouring into water, and extracting with ether we 
obtained a monoacetyl derivative which could not be crystallised 
(Found for substance dried in a vacuum at 105°: C, 62:5; H, 7:8. 
C,H,,0,Ac requires C, 62:2; H, 7-6%). On hydrolysis with alkali 
and distillation of the resulting liquid, after addition of excess of 
sulphuric acid, 32-1°% of acetic acid was obtained as determined by 
titration (acetic acid required for C,H,,0,Ac, 28-394). The residue 
in the flask, on thorough extraction with chloroform, yielded 79-3% 
by weight of the original substance used (Cale. for C,H,,0, from 
C,H,,0,Ac, 80-2%). The recovered lactone had m. p. 98—100° and 
[«]~ + 55-8° after drying in a vacuum at 100°. 

WELLCOME CHEMICAL RESEARCH LABORATORIES, 

Lonpon. [Received, May 18th, 1925.] 
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CCXIX.—Chenopodium Oil. Part II. The H ydro- 
carbon Fraction. 


By THomas ANDERSON HENRY and HumpHREY PAGET. 


THE presence of a levorotatory component in the hydrocarbon 
fraction of chenopodium oil was first recognised by Kremers (Pharm. 
Rev., 1907, 25, 155), and since then numerous efforts have been 
made to isolate and identify it. Nelson obtained, by bromination 
of the hydrocarbon fraction, a substance which he regarded as 
l-limonene tetrabromide (J. Amer. Chem. Soc., 1920, 42, 1204), 
but on repeating this work the authors found that the product 
so obtained was optically inactive, differed in crystalline form and 
physical constants from all the known terpene tetrabromides, and 
therefore could not be /-limonene tetrabromide, but must be derived 
from a terpene so far unknown. Up to that time only p-cymene 
and «-terpinene had been aes recognised as present (J., 
1921, 149, 1714). 

The authors now show that Neko S re RUE Ph (I) on treat- 
ment with silver acetate yields an acetoxybromide (II), which is 
oxidised by chromic acid to p-tolyl methyl ketone (IV), probably 
through the dihydroketone (III). These reactions are best explained 


CHMe CMe CMe CMe 
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CH, CHBr es CH, OH Pfi..: CH, CH aE! CH CH 
CH, CHBr CH, CH CH.’ CH}: CH CH 
yy Ne NF A 
CH-CMeBr-CH,Br C:CMe(OAc)-CH,Br C-COMe C-COMe 
ay (II.) (III.) (IV.) 
CHMe CHMe CHMe NH CHMe 
uN. BON. oem Viner e048 
CH, CH _ OH, ( CH pi AHS CO NH, CH, CN NH 
GH, CH CH, CH (H, CH: OH CO CH, CH:NH°C O 
‘wed i Sed NH, SA 
CH-COMe CH-CMe:CH, CH-CMe:CH, CH-CMe:CH, 
(VIII.) (V.) (VI.) (VII.) 


by the assumption that the tetrabromide is derived from the 
terpene A*8%.»-menthadiene (V). Support for this view is 
obtained from the fact that the total hydrocarbon fraction on 
treatment with chromic acid is partly oxidised to dimethyl- 
acetonylacetone (derived from «-terpinene) and a hydroxy-ketone, 
Ci9H,,0. (VI), the semicarbazone of which readily loses water, 
like other o-hydroxy-ketones derived from hydroaromatic substances 
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(compare Manasse, Ber., 1897, 30, 668), forming a base, C,,H,,ON, 
(VII). Further, the total hydrocarbon fraction on oxidation by 
permanganate yields a minute quantity of a substance, C,H,,0, 
which may be tetrahydro-p-tolyl methyl ketone (VIII). The 
substances C,.H,,0, and C,H,,0 are not obtainable by the separate 
oxidation of any of the known components (p-cymene, «-terpinene, 
l-limonene; see below) of the total hydrocarbon fraction, and 
it is consequently assumed that they come from the terpene " 
yielding the tetrabromide. 


The same formula has been used already for Tschugaeft’s iso- 


limonene (J. Russ. Phys. Chem. Soc., 1904, 36, 988) and Aschan’s 
diprene (Annalen, 1924, 439, 221), neither of which has been fully 
described, and it is possible that further work may prove all three 
to be identical, in which case the name isolimonene should have 
priority. It is of interest to note that all three occur along with 
limonene. 

The removal of the readily oxidisable components (a«-terpinene 
and terpene A) by partial oxidation of the total hydrocarbon 
fraction with chromic acid leaves a mixture of p-cymene and the 
leevorotatory component, the identity of which has been a subject 
of conjecture since 1907. On bromination followed by removal 
of the p-cymene, which inhibits crystallisation, /-limonene tetra- 


bromide was isolated in good yield and the presence of /-limonene 


was confirmed by the formation of its characteristic oxidation 
products, hydroxyterpenylic and levulic acids. It is also shown 
that on oxidation by permanganate in acetone, /-limonene yields 
an oily lactone acid, C,H,,0;, derived from a dihydroxy-dicarboxylic 
acid, C,H,,0,, for which the constitution 


OH-CHMe-CH,-CH,-CH[CH(OH)-CO,H]-CH,-CO,H 
is suggested, since it furnishes levulic and acetic acids by oxidation 


with chromic acid, fission taking place at G. This acid is closely 
related to two acids, 
CH,Ac:CH,-CHAc:CH,°CO,H —> 

CO,H:-CH,°CH,°CH(CO,H)-CH,* CO, H, 
mentioned, without description, iy Tiegh and Senta tea (Ber. i 
1895, 28, 2150) as resulting from the oxidation of limonene 
erythritol. 

In the course of this work large quantities of the total hydro- 
carbon fraction of chenopodium oil have been worked up, and 
from the first runnings of these a few c.c. of a substance, which 
is probably sym-dimethylethylene oxide, C,H,O, was isolated. 


* To save space, and to avoid further additions to the synonymy of 


terpenes, this component is referred to later as terpene A. 


id 
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The following substances have now been identified as components 
of chenopodium oil. 


p-Cymene. sym-Dimethylethylene oxide (?). Ascaridole. 
‘a-Terpinene. Butyric acid. Ascaridole glycol. 
A*\%p-Menthadiene. Methyl salicylate. Ascaridole glycol 
j-Limonene. Salicylic acid. . anhydride. 


The chief interest of chencopodium oil lies in its use as an anthel- 
mintic, and it is being employed on a large scale in anti-hookworm 
campaigns in various parts of the world. Drs. Smillie and Pessdéa, 
who have been engaged in researches on hookworm disease under 
the auspices of the Brazilian Government and the Rockefeller 
Foundation in Brazil, have kindly tested pharmacologically and 
clinically the chief components of chenopodium oil isolated in these 
laboratories, and their results have been published elsewhere 
(J. Pharm. Expt. Ther., 1924, 24, 359). They show that ascaridole, 
the chief component of the oil, is a remarkably efficient anthelmintic, 
and that none of the other constituents can be regarded as of value 
for this purpose. 

EXPERIMENTAL. 

When a receiver cooled in ice and salt was inserted during the 
separation of the hydrocarbon fraction from ascaridole by distillation 
at low pressure, a small amount of a colourless, volatile, pungent- 
smelling liquid was collected. On redistilling this, a little was 
obtained at 65—75°/760 mm., the greater part boiling between 
120—170°, and consisting chiefly of terpenes and p-cymene. After 
drying over potassium carbonate, the lower-boiling fraction had 
b. p. 64—78°, diz: 0-837, dj: 0-8409, [a] + 0-10°, nf” 1-3968 to 
1-3981, M (vapour density) 70-2 (Found: C, 66-4; H, 12-4. 

Naeett.©) requires C, 66-7; H, 11-19%; M,.72). 

The odour and the characters of this substance indicate that 
it might be one of the butylene oxides (possibly sym-dimethyl- 
ethylene oxide), b. p. 56—57; di: 0-8344, but, as the figures given 
above show, the small quantity obtained was still highly impure. 

The hydrocarbon fraction distilled between 170° and 185°/760 mm. 

but all attempts to isolate fractions of constant boiling point failed ; 

considerable separation was, however, effected by repeated slow 
distillation through a 12-bulb Young dephlegmator. Four litres of 
the hydrocarbon fraction so treated gave the following results : 


Fraction ...... 1 2 3 4 5 
Se 170—174° 174° 174—175° 175—175-5° 175-5—176° 
Amount (g.) 20 40 150 THO. '80 
\@kiedcm.) ...  —14° —15° —16° —17° —17-5° 
Fraction ...... 6 7 8 9 

BIE Senases se 176—177° 177—178° 178—180° 180—184° 

Amount (g.) 800 800 900 150 


a(l-dem.) ... — 18° —19° — 20° —18-5° 
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«-Terpinene nitrosite could be obtained from all these fractions, 
while only fractions 1 to 4 gave the tetrabromide, m. p. 117°, 
characteristic of terpene A, the best yield being obtained from 
fraction 1. Fraction 4 was repeatedly redistilled to furnish a little 
more of fractions 1 to 3, and the residue used with fractions 6, 7, 
and 8 for the identification of the levorotatory component. It 
was shown previously (loc. cit., 1717) that the a«-terpinene present 
in these fractions could be removed by agitation with Beckmann’s 
chromic acid mixture, leaving the levorotatory terpene mixed 
with p-cymene, and this mixture is referred to later as fraction B. 
It has the following average characters: b. p. 176-5° to 177°/758 
mm., d2: 0-8545, [a] — 23-08°, n%” 1-48637 [Found: C, 89-l, 
88:9, 88-8; H, 10-9, 10-6, 10-65%, which corresponds with a 
mixture of terpenes C,)H,, (C, 88-2; H, 11-8) and p-cymene 
C,)>H,, (C, 89-6; H, 10-4) in proportion 40:60, and 63% of 
p-cymene can be isolated from it by oxidation with permanganate 
in acetone (see below)]. It yields no terpinene nitrosite, nor any 
of the oxidation products of «-terpinene, and no terpene A tetra- 
bromide could be obtained from it. 


Examination of Fraction B. 


Bromination.—On bromination by the method already described 
(loc. cit., p. 1717) a yellow, viscous oil was obtained which, even 
after standing for several months below 0°, deposited no crystals 
and gradually changed to a nearly solid tar. If, however, the 
freshly-brominated product, freed from chloroform and hydrogen 
bromide by aspiration, was quickly distilled until the bulk of the 
p-cymene was removed at about 105°/10 mm., the residual brown 
oil, on standing, became filled with leafy crystals, m. p. 104° after 
recrystallisation from alcohol. A mixture with an equal quantity 
of d-limonene tetrabromide melted at 124° and showed no depression 
of melting point on further admixture with dipentene tetrabromide. 
A mixture with the tetrabromide of terpene A (m. p. 117°) melted 
at 90—92°. The substance is therefore /-limonene tetrabromide 
(Found: Br, 69:9;  [«]}* — 66-12°. J-Limonene tetrabromide, 
C,5H,,Br,, requires Br, 70-2% and has [«]} — 73-45°). 

Oxidation by Permanganate in Acetone.—Fraction B (700 c.c.} 
mixed with acetone was treated with powdered potassium per- 
manganate (1200 g.) in quantities of 10 g. at a time. The acetone 
was then distilled off and the residue steam-distilled, yielding 
436 c.c. of p-cymene (62-3°% of the mixture used) having « — 0-7°. 
The residual alkaline liquor, combined with the washings of the 
precipitated manganese dioxide, was concentrated to low bulk 
(compare loc. cit., p. 1719), shaken with ether and ethyl acetate 
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to remove a small amount of neutral matter, from which traces 
of the carbonyl compound ©,H,,0 were isolated (p. 1658), then 
acidified and again extracted with ether (i), and ethyl acetate (ii), 
After removal of acetic acid by heating under reduced pressure, 
these extracts amounted to (i) 61-3 g. and (ii) 15-6 g. and consisted 
of oily acids, which could not be induced to crystallise either as 
such or in the form of derivatives. They were therefore converted 
into ethyl esters, and these distilled under reduced pressure, giving 
fraction (a), b. p. 117—170°/11 mm., [«]f’ — 4-8°; fraction (b), 
b. p. 170—215°/11 mm., [«]s" — 4-8°, which from the long range 
of boiling point were obviously mixtures. 

After many attempts to isolate a pure acid from these esters 
it was found that by hydrolysing them with sodium hydroxide 
in alcohol, a sodium salt, insoluble in alcohol, was produced, which 
though hygroscopic could be obtained in a granular condition by 
filtermg rapidly from the excess of alcoholic soda, washing 
thoroughly with 96% alcohol, and drying in a vacuous desiccator. 
More of this sodium salt was secured by distilling the solvent 
from the mother-liquors and boiling the residue with dry alcohol. 
Finally, the viscous residual mixture of soluble sodium salts was 
dissolved in water, shaken with ether to remove a small amount 
of neutral tar that had formed, then acidified, and the liberated 
acid recovered by extraction with ether. This solvent having been 
distilled off, the acid was boiled with baryta, the excess of the 
latter removed by carbon dioxide, the filtrate taken to dryness 
in a vacuum, and the residue boiled with alcohol, which caused 
the separation of an insoluble barium salt, a little more of which 
was obtained by repeating the process. Finally, there was left a 
comparatively small amount of a mixture of barium salts soluble 
in alcohol, from which a little more material could be separated by 
‘precipitation as the thorium salt, but this method was not pursued 
further. The insoluble sodium and barium salts, isolated as 
described above, were purified as far as possible by repeated boiling 
with 96% alcohol, and then gave the following results on analysis, 
which showed them to be salts of the same acid. Sodium salt. 
Found: Na, 17:0%.. Barium salt, Found: Ba, 39-1%. Cale. 
for C,H,,0,Na,, Na, 17-4%; calc. for Cy)H,,0,Ba, Ba, 38-6%. 
The free acid, regenerated from either the sodium or barium salt, 
boiled at about 210°/34 mm. and formed a colourless, viscid oil 
(Found: C, 54-0, 53-9; H, 6-4, 6-8. C,H,,0,; requires C, 53:5; 
H, 6-9%). 

On direct titration with N-soda solution no definite end-point 
could be obtained, but when the acid was boiled with excess of 
N-soda for at least 30 minutes and the excess of alkali titrated 
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back with N-acid satisfactory end-points were reached and the 
amount of soda used was equivalent on the average to sodium 
(Na) 22-19%. For conversion of C,H,,0; into C,H,,0,Na,_ the 
amount of sodium (Na) required is 22:7%. 

The silver salt of the acid is relatively stable at atmospheric 
temperatures even on exposure to light; it dissolves in boiling 
water and if the solution is filtered rapidly from the small amount 
of reduced silver formed, re-deposits the salt on cooling as a colour- 
less granular powder, which, however, cannot be dried for analysis 
without the application of heat, which leads to reduction; and 
the results are always from 2 to 4% high in silver. Small amounts 
of the barium salt have been obtained in crystalline form by the 
cautious addition of alcohol to a 25% solution of the salt in water, 
but the crystals are very deliquescent, and it was not found practic- 
able to secure enough crystallised barium salt for examination in 
this way. 

The acid gave no derivative with semicarbazide, hydroxylamine, 
or phenylhydrazine. 

To a solution of 2-6 g. of the sodium salt in 30 c.c. of water 30 c.¢. 
of Beckmann’s chromic acid mixture were added and the mixture 
was left standing with occasional agitation for 4 days. It was then 
thoroughly extracted with ether, which removed 1-52 g. of oily 
acids, smelling strongly of acetic acid. This residue was left in 
a vacuum over caustic potash until the bulk of the acetic acid was 
removed, and then treated with solution of semicarbazide in alcohol, 
when in the course of a few hours it deposited a copious crop of 
crystals of a semicarbazone, m. p. 182°; after recrystallisation 
from alcohol, this rose to 194° (corr.) and showed no change on further 
crystallisation and no depression when mixed with levulic acid 
semicarbazone. The oxidation products of the C,H,,0; acid are 
therefore levulic and acetic acids, and in view of this and the 
results recorded above the authors regard this acid as a lactone of the 
acid OH-CHMe:CH,°CH,°CH[CH(OH)-CO,H]-CH,°CO,H (p. 1650). 

The acids regenerated from the barium salts soluble in alcohol 
referred to above also yield levulic and acetic acids on oxidation 
with chromic acid and therefore probably still contain some of 
the C,H,,0; lactone acid, which seems to be the principal product 
of the oxidation of limonene by permanganate in acetone solution. 

Oxidation by Permanganate in Water.—Fraction B (100 c.c.) 
was added in four portions to 1 litre of water containing 94 g. of 
potassium permanganate, and shaken occasionally till decolorised. 
The mixture was then steam-distilled to remove unchanged hydro- 
carbon, and the residual liquor in the distillation flask, with the 
washings from the precipitated manganese dioxide, thoroughly 
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extracted with ether, yielding a little cuminaldehyde (derived 
from p-cymene), which was identified by a mixed melting point 
determination of the semicarbazone (m. p. 210°). The liquor was 
then concentrated to low bulk, made acid, and shaken with (i) ether 
and (ii) ethyl acetate. The ethereal extract after removal of the 
solvent was distilled under reduced pressure, and yielded two 
fractions, the first a thick oil and the second crystalline, m. p. 
159—160°, and consisting of isopropenylbenzoic acid, formed by 
distillation of hydroxyisopropylbenzoic acid, which is known as an 
oxidation product of p-cymene under these conditions (Found : 
C, 73-6; H, 6-4. Cale. for C,,H,,0,: C, 74:1; H, 6:-2%. Found 
in silver salt: Ag, 40-9. Calc. for C,,H,O,Ag: Ag, 40-15%). 
The oily fraction gave a semicarbazone, which after recrystallis- 
ation melted constantly at 194° and showed no depression of 
melting point when mixed with levulic acid semicarbazone (Found : 
©, 41:9; H, 6-7. Calc. for C,H,,0,N,: C, 41:6; H, 63%). The 
ethyl acetate extract, on removal of the solvent, deposited a crystal- 
line acid, m. p. 195° (Found: C, 50-2; H, 6-4. C,H,,0, requires 
C, 50-85; H, 6.4%). The substance remained unchanged in m. p. 
after recrystallisation from boiling alcohol and produced no depres- 
sion when mixed with hydroxyterpenylic acid, C,H,,0,, already 
known as an oxidation product of d-limonene (Godlewski, J. Tass: 
Chem. Soc., 1899, 34, 211). 

As Lofrilic acid has not been previously mentioned as formed 
in the oxidation of limonene by permanganate in water, commercial 
limonene was oxidised as described above, and yielded hydroxy- 
terpenylic and levulic acids, but no cuminaldehyde or isopropenyl- 
benzoic acid. 

From the foregoing results it is clear that fraction B of the 
chenopodium oil hydrocarbons contains, in addition to p-cymene, 
l-limonene. 

Nature of Terpene A. 


As already stated, it has not been possible to isolate this terpene, 
or to obtain mixtures containing more than 10 to 12% of it as 
indicated by the amount of tetrabromide obtainable. For evidence 
of its constitution reliance has therefore had to be placed on (i) 
reactions of the only crystalline derivative, the tetrabromide, 
and (ii) the formation of certain substances when mixtures con- 
taining it are oxidised. 

Oxidation of the Total Hydrocarbon Fraction by Chromic Acid.— 
The total hydrocarbon fraction of chenopodium oil was oxidised 
as already described (loc. cit., p. 1717). After separation by steam 
distillation of the unattacked hydrocarbons (2150 c.c. from 2500 c.c.) 
there remained in the distillation flask 70 g. (about 1-5 o7e) of a thick 
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oil, which, after drying, was distilled under reduced pressure, 
yielding an oil, b. p. 138—154°/19 mm., and a hard, pitch-like 
residue, which decomposed on further heating. The oil, after 
standing in solution in ether over potassium carbonate, was re- 
distilled in two fractions, b. p. 110—120°/15 mm. and 120— 
136°/15 mm. Both were pale yellow, viscous oils having a faint 
carvone-like odour; they yielded no solid derivatives with phenyl- 
carbimide or p-nitrobenzoyl chloride, but on addition of semi- 
carbazide in aqueous acetic acid solution were converted in the 
course of 3 days into semi-solid masses, which, when rubbed with 
alcohol, became crystalline, m. p. 140° (air-dry) and 194° when 
completely dried at 100°; after recrystallisation from boiling alcohol, 
they melted at 157° (air-dry) or 204° (dried at 120° in a vacuum), 
and these melting points were unchanged after a further crystal- 
lisation from alcohol. The acetic acid of crystallisation (see below) 
persists when the air-dry substance is crystallised from boiling 
aleohol, but if the dried substance is recrystallised from alcohol 
or boiling water the product obtained melts at 204° and is anhydrous. 
From all solvents the substance forms rosettes of transparent 
prisms [Found: loss on drying at 120° in a vacuum, 21-2%. 
C,,H,,0.N3,C,H,0O, requires loss (acetic acid), 21-05%. Found 
in dried material: C, 58-6, 58-7; H, 8-6, 8-4; N, 19-2. C,,H,,0,N; 
requires C, 58:6; H, 8-5; N, 18-6%]. The substance is therefore 
a semicarbazone of a product, C,)H,,0,, probably a keto-alcohol. 
When the semicarbazone is formed in presence of alcohol and acetic 
acid, or when it is repeatedly boiled with water, there is formed 
a base which has only been isolated as the acetate, minute rosettes 
of needles, m. p. 206°, from water by slow evaporation, and the 
picrate, brilliant yellow needles, m. p. 158°, from acetone or acetone 
and benzene. ‘This differs from the semicarbazone by the elements 
of a molecule of water [Found (i) in acetate: C, 57-5, 58-2; H, 
8-3, 8-1. C,,H,,ON;,C,H,O, requires C, 58-05; H, 7-:8%. Found 
(ii) in picrate: N, 18-6. C©,,H,,ON,,C,H,(NO,),-OH requires 
3 OF: 3 
It is clear from this that the semicarbazone readily undergoes 
internal condensation, losing a molecule of water, and on this 
account it is regarded as having the constitution represented by 
formula (VI), and the base C,,H,,ON, formed from it as having 
formula (VII). : 
Only part of the oil reacts with semicarbazide solution and after 
the whole of the semicarbazone has been separated the mother- | 
liquor on dilution with water yields a thick oil, which can be 
extracted with ether. This could not be induced to crystallise, 
nor could it be distilled without some decomposition. It appears, - 


a | 
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however, to be a derivative of «-terpinene, since on oxidation with 
aqueous permanganate it gave a good yield of the mixed anti- 
and para-forms of «d-dihydroxy-«-methyl-d-isopropyladipic acid, 
m. p. 189°, and showed no depression of melting point on addition 
of a recrystallised mixture in equal parts of these two forms of this 
acid (J., 1923, 123, 1878). 

In this oxidation by Beckmann’s mixture, «-terpinene is converted 
into dimethylacetonylacetone, the yield being about 3% of the 
total hydrocarbon fraction taken. The substance was identified 
by conversion into the semicarbazide derivative, which melted at 
201° and showed no depression of melting point when mixed with 
the semicarbazide derivative prepared from synthetic dimethy]l- 
acetonylacetone (Found: C, 59-2; H, 8-9; N, 23-05. Calc. for 
C,H,,ON,: C, 59-7; H, 8:3; N, 23-2%). Some p-tolyl methyl 
ketone was also formed in the oxidation, and was identified by 
means of its semicarbazone (Found: C, 62-1; H, 6-6. Calc., 
C, 62:8; H, 6:8%), m. p. 210°, which showed no depression when 
the substance was mixed with p-tolyl methyl ketone semicarbazone. 
a-Terpinene, d-limonene, and p-cymene have all been treated 
separately with Beckmann’s mixture, and their oxidation products 
are being examined, but none of them yields the substance C,)H,,0, 
described above, and it seems safe to assume that this is derived 
from terpene A. 

Oxidation of the Total Hydrocarbon Fraction by Permanganate in 
Acetone.—When the total hydrocarbon fraction is oxidised by 
permanganate in acetone, the principal products are a mixture 
of the para- and anti-forms of «3-dihydroxy-«-methyl-d-isopropy]l- 
adipic acids already described by the authors (J., 1923, 123, 1878) 
and dimethylacetonylacetone, resulting from the further oxidation 
of these acids derived from «-terpinene, p-tolyl methyl ketone, and 
a little cuminic acid, both arising from p-cymene, and a mixture 
of optically active oily acids identical with those, described above 
(p. 1653), derived from /-limonene. The only other product was 
obtained by extracting the concentrated neutral aqueous liquors 
with ether, which removed a viscous, brown oil too small 
in amount to permit of direct purification. From this a crystalline 
semicarbazone was obtained, which on recrystallisation from boiling 
alcohol formed colourless needles, m. p. 204° (corr.), which became 
yellow on exposure to light (Found: C, 61:3, 61:5; H, 8-7, 8-15; 
N, 21:3. C,,H,,ON, requires C, 61-5; H, 8-7; N, 215%). On 
hydrolysis, the semicarbazone furnishes an oil smelling like a 
mixture of menthone and cuminaldehyde, and from this oil the 
semicarbazone cannot be regenerated. This semicarbazone is 
optically inactive, and, if it comes from terpene A, should be 
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that of A*-tetrahydro-p-tolyl methyl ketone, CyH,,0 (VIII), but as : 


the yield of semicarbazone obtained only amounts to 0-24% of the 
total hydrocarbon fraction used, it has not been possible to 
accumulate enough for examination in detail. 

Tetrabromide of Terpene A.—The preparation and isolation of the 
tetrabromide has been described already (loc. cit., p. 1717). Of 
numerous attempts to use this tetrabromide as a means of gaining 
information regarding the constitution of terpene A, only the follow- 


ing have given useful results. 12-5 G. of the tetrabromide were 


added to a solution of 1-9 g. of sodium in methyl alcohol, and 
the mixture, after boiling for 7 hours, was steam-distilled, when 
4-4 9. of a heavy, colourless oil were obtained, b. p. 115—120°/18 
mm., containing 30:2% of bromine (C,,H,,BreOMe requires Br, 
32:6%). This appeared to be a monobromomethyl ether corre- 
sponding to the monobromomethyl ether which Wallach obtained 


me 


from limonene tetrabromide (Annalen, 1894, 2841, 127). The re- 


moval of the fourth bromine atom by the further use of sodium 


converted the monobromomethy] ether almost wholly into p-cymene. 


Unlike Wallach’s product, it did not after reduction yield a men- 
thenone by oxidation with either chromic acid or permanganate. 
it was only slowly attacked by either agent, and the products in 
both cases were p-tolyl methyl ketone with a little p-toluic acid. 
In further experiments, silver acetate was used: 5:3 g. of the 
tetrabromide were shaken with 5-8 g. of silver acetate in 10 c.c. 
of acetic acid during 8 hours, then made alkaline with sodium 
carbonate, and shaken with ether, which removed a yellow, viscous 
oil (3:1 g.). This on solution in light petroleum (b. p. 40—60°) 
deposited some insoluble tar, and the oil thus purified, after drying 
over potassium carbonate and removal of the petroleum by dis- 
tillation and exposure in a vacuum until of constant weight, gave 
the following results : C, 52-8; H,6-1; Br, 29-2 (C,)H,,Br-O-CO-CH, 
requires C, 52-6; H, 6-2; Br, 29-3%). The substance is there- 
fore a bromoacetoxydihydro-p-cymene (IL) and this was confirmed by 
hydrolysing a weighed quantity (0-2175 g.) of the substance in the 
cold with a known amount of potassium hydroxide in alcohol 


(30-6 c.c. of NV/10-KHO), the mixture being allowed to stand for a — 
week, after which the excess of alkali (16-42 c.c. of N/10-KHO) 


was determined by titration with standard nitric acid. The 


amount of alkali used (14:2 c.c of N/10-KHO), after correction — 


for a small amount of bromide (equal to 0-0478 g. Br) formed, was 


21-1%, whilst that required for the removal of one acetyl group 


from C,,H,,Br°O-CO-CH, is 20:5%. 
Seven g. of the bromoacetoxy-compound were agitated with 


30 c.c. of water to form an emulsion; to this 130 c.c. of Beckmann’s — 
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chromic acid mixture were added in three portions at intervals of 
1 hour, and the whole was shaken for 8 hours. This was extracted 
with (1) light petroleum, b. p. 40—60°, and (2) ether, and the 
extracts were dried over anhydrous sodium sulphate. The 
petroleum extract (1) left an oily residue (2-9 g.) which was pungent, 
and had an odour of p-tolyl methyl ketone; on treatment with 
semicarbazide it yielded a semicarbazone which after crystallising 
twice from boiling alcohol formed colourless, opaque prisms melting 
constantly at 210° and showing a slight rise in melting point to 
211° when mixed with an equal quantity of p-tolyl methyl ketone 
semicarbazone prepared from synthetic material. The mother- 
liquor from the preparation of the semicarbazone was made alkaline 
with sodium carbonate and shaken with light petroleum, when it 
yielded 1-7 g. of an oil containing bromine and apparently con- 
sisting largely of unchanged material. ‘The ether extract (2) yielded 
on re-extraction with sodium carbonate solution and acidification 
of this (a) terephthalic acid, colourless crystals, subliming without 
melting above 280°, and (6) p-toluic acid, m. p. 177°, showing no 
depression when mixed with a pure specimen of p-toluic acid. 


The authors desire to express their cordial thanks to Mr. F. 
Walton and Mr. S. E. Pusey for much assistance in the experimental 
work. 
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CCX X.—isoQuinoline Derivatives. Part IX. Prepara- 
tion and Reduction of isoQuinoline and its Derivatives. 


By Roprert Forsytu, CHARLES IenatTius KELLy, and FRANK 
LEE PyMAN. 


THE reduction of papaverine (1) and N-methylpapaverinium salts 
by means of tin and hydrochloric acid yields not only the expected 
tetrahydro-derivatives (IL), but also, as by-products, the 2 : 4-di- 
hydro-derivatives, pavine and N-methylpavine, containing the 
unique dicyclic system (III) (Pyman, J., 1915, 107, 176, where 
earlier references are given). The present inquiry had the object 
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of determining whether the formation of by-products of this type 
on the reduction of isoquinoline, by means of tin and hydrochloric 
acid, is a general property or not, and necessitated a quantitative 
study of the reduction of pure materials, for the quantities of 
these by-products to be expected were only small. Thus, the © 
yields of pavine isolated by different investigators range from 8 
to about 25% (Pope and Gibson, J., 1910, 97, 2207), whilst the | 
yield of N-methylpavine was 3% of the theoretical. | 
The reduction of isoquinoline itself was first examined, for un-_ 
characterised by-products of its reduction to tetrahydrotsoquinoline 
have been noticed by former investigators, and it was uncertain — 
whether these were of the pavine type or due to impurities in the | 
initial material. Experiments showed that pure isoquinoline | 
can be reduced to tetrahydrozsoquinoline in nearly theoretical | 
(96%) yield. The effect of a 1-benzyl group was next studied, 
and here 1-benzylisoquinoline methiodide gave 1-benzyl-2-methyl- 
tetrahydrozsoquinoline in a yield of 85% of the theoretical, un- 
accompanied by any other organic base, the deficit being due to | 
partial decomposition of the material with the formation of ammonia. _ 
Similarly, the only product isolated after reduction of 1-benzyl- 
dsoquinoline (IV) was ]-benzyl-1 : 2: 3 : 4-tetrahydroisoquinoline (V). 
The constitution of this substance was proved by its conversion 
into 1-benzyl-2-methyltetrahydroisoquinoline on methylation. 
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The effect of methoxy-substituents in the isoquinoline nucleus was 
next examined, and here also a negative result was obtained, for — 
6: 7-dimethoxyisoquinoline (VI) gave 6: 7-dimethory-1:2:3:4- 
tetrahydroisoquinoline (VII) in a yield of 94% of the theoretical. 
The identity of the product was established by comparison with 
the product of reduction of 6 : 7-dimethoxy-3 : 4-dihydroisoquinoline 
(VIII) (Pyman, J., 1909, 95, 1610). Similarly, the reduction of 
6 : 7-dimethoxyisoquinoline methicdide gave as the sole isolable © 
product 6: 7-dimethoxy-2-methyltetrahydrotsoquinoline (Pyman, 
J., 1909, 95, 1266). 
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It has thus been shown that neither a 1-benzyl nor 6 : 7-dimethoxy- 
groups suffice to induce formation of compounds of the pavine type 
on the reduction of derivatives of tsoquinoline, and the further 
investigation of this problem, which is contemplated, will necessitate 
the preparation and reduction of 1-benzyl-6 : 7-dimethoxyiso- 
quinoline and possibly also of 1-veratryl¢soquinoline. 

Of the isoquinoline derivatives required for this work, a part 
_ of the isoquinoline itself was isolated from coal tar by fractionation 
and crystallisation of the acid sulphate as described below, the 
yield being better than that obtained by Harris and Pope (J., 
1922, 121, 1029), using another method. Several methods for the 
preparation of 1-benzylisoquinoline were examined, and of these 
the only satisfactory one was that of Decker and Pschorr (Ber., 
1904, 37, 3397) by the action of benzyl magnesium chloride on 
N-methylisoquinolone and distillation of the 1-benzylisoquinoline 
methiodide produced. The oxidation of 1-benzyl-3 : 4-dihydro- 
isoquinoline (Pictet and Kay, Ber., 1909, 42, 1973) gave only 3% 
of 1-benzylisoquinoline, and the dehydration of «-hydroxy-8-pheny]- 
acetylamino-«-phenylethane (A) by phosphorus pentoxide gave 
only 4% of 1-benzylisoquinoline. This last result is in accord with 
the work of Robinson (J., 1909, 95, 2167), who obtained only a 
trace of a picrate, suspected of being 1-benzylisoquinoline picrate, 
in this way, and is at variance with the results of Pictet and Gams 
(Ber., 1910, 43, 2386), who obtained a 40% yield. The latter 
authors, ike Robinson, prepared the carbinol (A) by the reduction 
of w-phenylacetylaminoacetophenone, but found it to melt at 123°, 
whereas Robinson found the m. p. 99°. Here, again, our results 
confirm those of Robinson, the carbinol (A) proving to melt at 99° 
_whether prepared by Robinson’s method or by the action of phenyl- 
acetyl chloride upon 8-hydroxy-8-phenylethylamine. 

The preparation of 6:7-dimethoxyzsoquinoline was effected 
essentially by the method of Riigheimer and Schén (Ber., 1909, 
42, 2374), that is, by the action of sulphuric and arsenic acids upon 
veratrylaminoacetal, but the technique has been improved. Vera- 
| trylaminoacetal was prepared by. the reduction of veratrylidene- 
_aminoacetal, a more convenient method than the action of chloro- 
acetal upon veratrylamine, the method of the previous authors 
(Ber., 1908, 41, 17). 

EXPERIMENTAL. 

Preparation of isoQuinoline—Three gallons of “ crude pyridine 
bases ” (corresponding to 6 tons of coal tar) were dehydrated by 
shaking three times with aqueous sodium hydroxide (80° Tw.), 
and the product (10-85 litres) was distilled up to 170° and then 
fractionated through a 12-pear column. The various Peed 
3L™ 
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b. p. 200—280°, were fractionated similarly twice more, when 2-3 
litres (2470 g.) of “ heavy quinoline bases,’ b. p. 230—255°, were 
obtained. This fraction was converted into acid sulphate, and 
crystallised fractionally from alcohol, when 185 g. of pure iso- 
quinoline hydrogen sulphate, m. p. 207-5° (corr.), were obtained. 
This gave 102 g. of the base, b. p. 242° (corr.) over a range of 0-5°; 
m. p. 24° (corr.). The yield of isoquinoline from the “ heavy 
quinoline bases ”’ is thus about 4%, whereas Harris and Pope (who 


refer to previous work on the subject, J., 1922, 121, 1029) obtainta 


only 1:5°% by a more laborious method. 


Reduction of isoQuinoline.—isoQuinoline (6-45 g.), alcohol (68 c.c.), 


hydrochloric acid (100 c.c. conc.), and granulated tin (42 g.) were 
heated on the water-bath under reflux for 12 hours. After cooling, 
the separated tin salts were collected (mother-liquor M) and de- 
prived of tin by means of hydrogen sulphide, when, on evaporation, 
crude tetrahydroisoquinoline hydrochloride (8-0 g.; m. p. 195°) 
was obtained. It was mixed with aqueous sodium hydroxide and 
distilled into hydrochloric acid, and the distillate gave, on evapor- 
ation, pure tetrahydroisoquinoline hydrochloride (7-83 g.; m. p. 
196—197°. Hoogewerf and van Dorp, Rec. trav. chim., 1885, 4, 
125, give m. p. 195—197°). The residue from the steam-distillation 
was extracted with chloroform, .which removed a base giving a 
crystalline hydrochloride, the total residue as hydrochloride, m. p. 
280—290°, amounting to only 0-05 g. The mother-liquor M gave, 
after removal of tin, crude tetrahydrozsoquinoline hydrochloride 
(0-3 g.; m. p. 190°; m. p. of mixture with the pure salt, 192°), 
The total yield of tetrahydroisoquinoline is thus 96-35% of the 
theoretical. To establish its purity, 8-0 g. were mixed with carbon 


disulphide in dry ether, and the precipitated tetrahydrozsoquinoline 


tetrahydrozsoquinolyldithiocarbamate (Bamberger and Dieckmann, 
Ber., 1893, 26, 1208) was decomposed with hydrochloric acid, when 
7:86 g. of tetrahydroisoquinoline hydrochloride of unchanged m. p. 
were recovered. 

1-Benzylisoquinoline.—A. After Decker and Pschorr (Ber., 1904, 
37, 3397). Five g. of 1-benzylzsoquinoline methiodide (from 
N-methylisoquinolone and benzyl magnesium chloride; yield 36% 
of pure salt, m. p. 248° [corr.]) were heated under 20—30 mm. until 
all methyl iodide was removed; the residue then distilled at 222° 


(corr.)/18 mm. Decker and Pschorr give 211—213°/11 mm. The 


distillate, which crystallised and melted at 55—56° (corr.), was 
converted into the hydrochloride, and more of this salt was recovered 
from the distillation residue (yield 3-5 g. = 86%). This salt 


crystallises from water in colourless, elongated prisms, which con- 
tain 2H,O and melt below 100°, but after drying first in a vacuum — 
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and then at 100°, the substance melts at 185—187° (corr.). Decker 
and Pschorr give m. p. 171—172°; Pictet and Gams, 175° (Found : 
H,O, 12:0. Calc. for 2H,O, 12-4%. Found, in dried salt: Cl, 


13-9. Calc., Cl, 13-9%). The picrate melted at 184° (corr.). 


Decker and Pschorr give 184—185° (corr.). ' 

B. After Pictet and Kay (Ber., 1909, 42, 1973). To 1-benzyl- 
3 : 4-dihydrozsoquinoline (2 g.; b. p. 196—197°/12 mm.) in glacial 
acetic acid (100 c.c.) at 100°, potassium permanganate (1 g.) in 


water (200 c.c.) was added with shaking in 14 hours, and the 


mixture was heated for another hour. After basifying, ether 
removed an oil (0-8 g.) which was converted into the picrate and 
erystallised fractionally from alcohol, when 0-11 g. of the nearly 
pure salt was obtained (yield 3%; m. p. 181—182° [corr.]; not 
depressed after mixture with an authentic specimen). Numerous 
attempts to improve upon this yield by varying the conditions 
were unsuccessful. Pictet and Kay do not state their yield, but 
indicate that it was poor. 

C. After Robinson (J., 1909, 95, 2167) and Pictet and Gams (Ber., 
1910, 43, 2386). w-Phenylacetylaminoacetophenone (from phenyl- 
acetyl chloride, »-aminoacetophenone hydrochloride, and sodium 
hydroxide; yield 50%; m. p. 103°) was reduced by Robinson’s 
method and gave «-hydroxy-8-phenylacetylamino-«-phenylethane 
(yield 73%; m. p. 99° as stated by Robinson). On attempting 
the reduction under the conditions employed by Pictet and Gams, 
a poor yield of a crude product, m. p. 73°, was obtained. «-Hydr- 
oxy-8-phenylacetylamino-«-phenylethane was also prepared by 
mixing 2 g. of B-hydroxy-8-phenylethylamine carbonate (Wolfheim, 
Ber., 1914, 47, 1440) with phenylacetyl chloride (2°5 g.) and 20% 
aqueous sodium hydroxide (15 c.c.), and after purification melted 
at 99°, alone or mixed with the substance made by Robinson’s 
method. 

a-Hydroxy-8-phenylacetylamino-x-phenylethane (40 g.; m. p. 
99°) in xylene (200 c.c.) was dehydrated by phosphorus pentoxide 
(200 g.), and the basic products were collected as described by 
Pictet and Gams, and converted into the hydrochloride, when 


_ I-benzylisoquinoline hydrochloride (1-8 g.; m. p. [dry] 185°; yield 


39°) was obtained. A specimen of the picrate prepared from this 
salt had m. p. 184° (corr.), alone or mixed with an authentic 
specimen. 

Reduction of 1-Benzylisoquinoline.—1-Benzylisoquinoline hydro- 
chloride (4:0 g.; air-dried), alcohol (20 c.c.), concentrated hydro- 
chloric acid (20 + 10 c.c.) * and tin-foil (10 + 2-5 g.) were digested 


* In this and the following reductions additional quantities of hydro- 


_ chloric acid and tin were added after some hours. 


3L*2 
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for 21 hours on the water-bath. Water was added, tin removed, 
and the solution concentrated and mixed with sodium iodide, when 
pure l-benzyl-1 : 2 : 3: 4-tetrahydroisoquinoline hydriodide (3-75 g. ; 
anhydrous, m. p. 167—168°) .separated. The filtrate was mixed 
with sodium hydroxide and extracted with ether, 0-2 g. of brown 
oil being obtained. This was not wholly basic, but gave a turbid 
solution with hydrochloric acid. After filtration through charcoal 
and addition of sodium iodide, 0-22 g. of the above iodide, m. p. 
(crude) 145—155° (not depressed by mixture with the pure 
salt), was deposited, which after crystallisation from water gave 
0-15 g., m. p. 162—165°. The total yield is thus 81% of the 
theoretical. 

1-Benzyl-1 : 2:3: 4-tetrahydroisoquinoline hydriodide, colourless 
well-formed prisms from water, has m. p. (substance dried at 100°) 
167—168-5° (corr.). It is sparingly soluble in cold water (Found : 
loss at 100°, 5-0. C,,H,,N,HI,H,O requires H,O,4:99%. Found, in 
dried salt : C, 54:8; H, 5-1; I, 36-3. C,,H,,N,HI requires C, 54-7; 
H, 5-1; I, 36-2%). The base (V) was a colourless, viscous oil, 
which did not crystallise after keeping for 2 days over sulphuri¢ 
acid in a vacuum. ‘The picrate crystallised from alcohol in deep 
yellow, prismatic needles, m. .p. 166—167° (corr.) after drying 
at 100°. 

Methylation.—1-Benzyltetrahydroisoquinoline and methyl iodide 
were heated for a few minutes under reflux, and after removal 
of uncombined methyl iodide a gummy product remained, doubt- 
less a mixture of the hydriodides of the secondary and tertiary 
bases with the methiodide of the latter. The bases. regenerated 
from this by means of sodium hydroxide and ether were crystallised 
fractionally as picrates, when 1-benzyl-2-methyltetrahydrovso- 
quinoline picrate separated first. It had m. p. 165—166° (corr.), 
alone or mixed with a specimen prepared by the reduction of 
1-benzylzsoquinoline methiodide, and the hydriodides from the two 
sources also proved to be identical. 

Reduction of 1-Benzylisoquinoline Methiedide-—The pure meth- 
iodide (10 g.; m. p. 248° [corr.]), alcohol (40 c.c.), hydrochloric 
acid (40 + 20 c.c. conc.), and tin-foil (20 + 5 g.) were heated on 
a water-bath under reflux for 24 hours. After distilling the alcohol, 
water was added, when the bulk of the organic tin salts were 
deposited (mother-liquor L). The gummy deposit was dissolved 
in water, and deprived of tin by means of hydrogen sulphide. The 
filtrate was evaporated under diminished pressure to remove excess 
of hydrochloric acid, and the residue was dissolved in water and 
mixed with sodium iodide, when pure 1-benzyl-2-methyl-1 : 2:3: 4 
tetrahydrozsoquinoline hydriodide (8-33 g.) was deposited. Before 


— 
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and after crystallisation from alcohol, it melted at 174—175° 
(corr.), separating from alcohol in prismatic columns as stated by 
Freund and Bode (Ber., 1909, 42, 1746), who give m. p. 175—180°. 
The picrate crystallised from alcohol in rhombic tablets, m. p. 165— 
166° (corr.), as stated by these authors. The mother-liquor L was 
deprived of tin, mixed with the filtrate from the above hydriodide, 
basified with sodium hydroxide, and extracted with ether, which 
removed an oily base (0-35 g.). This was converted into the 
hydriodide (0-4 g.; m. p. 166—170°) and crystallised from alcohol, 
when 0-25 g. of the pure salt was obtained. The total yield of 
the pure salt is thus 86% of the theoretical. The liquor from 
which the base was extracted contained ammonia. A similar result 
was obtained on repetition of this experiment, an 84% yield of the 
pure hydriodide being obtained. 

6 : 7-Dimethoxyisoquinoline.—Veratraldehyde (52-4 g.) and amino- 
acetal (42 g.) were heated for several hours on the water-bath, 
until the water, which soon separated, had evaporated. The 
crude product, obtained in theoretical yield, had m. p. 53—58°, 
and after crystallisation from ether gave verairylideneaminoacetal 
in nearly colourless, very pale yellow, well-formed plates, m_ p. 
61—62° (corr.) (Found: C, 64:1; H, 8-3. C,;H,,0,N requires C, 
64:0; H, 8-2%). 

Crude veratrylideneaminoacetal (50 g.) in absolute alcohol * 
(0-5 litre) was reduced by the gradual addition of sodium (50 g.) 
and more alcohol. After water had been added, ether collected 
nearly pure veratrylaminoacetal,. which, after removal of solvents 
at 100°/15 mm., amounted to 45 g. and was suitable for use in the 
next operation without distillation. 
 Veratrylaminoacetal has b. p. 208° ( (corr.)/15 mm. (Found: ©, 
63-4; H,8-8. C,,H,.0,N requires C, 63-6; H,8-8%). Riigheimer 
and Schén (Ber., 1909, 42, 2374), who did not analyse the compound, 
give b. p. 197°/11 mm. 

Arsenic pentoxide (5 g.) was dissolved in warm water (1 c.c.), 
concentrated sulphuric acid (10 c.c.) added, and the whole cooled 
in a freezing mixture. Crude veratrylaminoacetal (5 g.) was run 
in a few drops at a time with thorough rubbing to dissolve the 
viscous product. A homogeneous solution was obtained in about 
+ hour, and was kept for 1 hour at the ordinary temperature, and 
then heated for 1 hour at 100°. The products from 10 such experi- 
ments were diluted with water (100 c.c.) and mixed with sufficient 
20% aqueous sodium hydroxide to neutralise the bulk of the acid. 
After cooling, an amorphous precipitate was removed by filtration, 


* Fusel oil (at 120°) cannot be substituted for absolute alcohol in this 
case. 
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and the liquor basified with sodium hydroxide and extracted with 
chloroform. (Distressing emulsions are obtained if the removal 
of the amorphous precipitate is omitted.) The chloroform residue 
was mixed with hydrochloric acid, the solution evaporated to dry- 
ness, and the residual hydrochloride crystallised several times 
from alcohol. From the final mother-liquors, the base was regen- 
erated by sodium hydroxide, and extracted with chloroform. 
The chloroform residue was extracted twice with hot ether, and 
the extract converted into hydrochloride and crystallised from 
alcohol. In this way, veratrylaminoacetal (50 g.) gave 8-5 g. of 
pure 6: 7-dimethoxyisoquinoline hydrochloride (dried at 100°), 
that is 21% of the theoretical. Riigheimer and Schén describe 
the yield as “ satisfactory.” This salt crystallises from alcohol in 
nearly colourless needles, containing 3H,O, which are lost at 100°; 
when anhydrous, it melts and effervesces at 221° (corr.). Riigheimer 
and Sch6én give 208—210° (decomp.). The base separated from 
ether in large prisms, m. p. 93° (corr.); Rtigheimer and Schén give 
93—94°. 

6 : 7-Dimethoxyisoquinoline methiodide is formed when the base 
is mixed with methyl iodide. It is sparingly soluble even in hot 
alcohol, from which it separates on cooling in pale buff, glistening, 
anhydrous needles, m. p. ca. 256° (decomp.; corr.) (Found: I, 38-3. 
C,.H,,0,NI requires I, 38-4%). 

Reduction of 6 : 7-Dimethoxyisoquinoline.—The pure base (4:8 g., 
m. p. 93°), alcohol (20 + 5 c¢.c.), concentrated hydrochloric acid 
(20 + 20 c.c.), and tin-foil (20 g.) were digested for 30 hours on the 
water-bath. The product was dissolved in hot water (0-7 litre) 
and freed from tin by hydrogen sulphide; on concentration, 5-22 g. 
of pure 6: 7-dimethoxytetrahydrozsoquinoline hydrochloride were 
obtained (in three crops). The mother-liquor was evaporated to 
dryness and mixed with alcohol, when 0-2 g. of the same salt, 
m. p. 260° after sintering from 256°, separated; the mother-liquor 
from this, when evaporated to dryness and mixed with absolute 
alcohol, deposited a further 0-05 g. (m. p. 242—245° ; mixed with the 
pure salt, m. p. 252—258°). The total yield (5-47 g.) amounts to 
94% of the theoretical. The final mother-liquor gave on evaporation 
to dryness a gummy residue (0-11 g.), from which no crystalline 
base or salt could be obtained. 

6: 7-Dimethoxy -1:2:3:4-tetrahydroisoquinoline hydrochloride 
crystallises from water in colourless quadrilateral plates, m. p. 262° 
(corr.). It is readily soluble in cold water, and very readily soluble in 
hot water, but sparingly soluble in cold alcohol (Found: C, 57-8; 
H, 7-2. C,,H,,0O,N,HCl requires C, 57-5; H, 7-0%). The picrate 
crystallised from alcohol in broad, yellow needles, m. p. 202—203° 


PART IX. PREPARATION AND REDUCTION OF 7280QUINOLINE. 1667 


(corr.). The base (VII) crystallised from chloroform in colourless 
plates, which were easily soluble in chloroform, but sparingly 
soluble in ether. It readily takes up carbon dioxide from the air, 
and was not obtained free from carbonate (m. p. 80—130°). 

6 : 7-Dimethoxytetrahydrotsoquinoline was also obtained by the 
reduction of 6 : 7-dimethoxy-3 : 4-dihydrozsoquinoline with tin and 
alcoholic hydrochloric acid. The hydrochloride and picrate from 
this source had the m. p.’s recorded above, alone or mixed with the 
corresponding salts from the reduction of 6 : 7-dimethoxyiso- 
quinoline. 

Reduction of 6: 7-Dimethoxyisoquinoline Methiodide.—The pure 
methiodide (10 g.), alcohol (40 c.c.), concentrated hydrochloric 
acid (40 + 20 c.c.), and tin-foil (20 + 5 g.) were digested for 18 
hours on the water-bath, and the product was deprived of tin by 
means of hydrogen sulphide. The residue remaining after evapor- 
ation of the water was dissolved in water and mixed with picric acid 
(7 g.) in hot water (300 c.c.), when, on cooling, 10-45 g. of 6 : 7-di- 
methoxy-2-methyl-1 : 2 : 3 : 4-tetrahydroisoquinoline picrate, m. p. 
158° (corr.), separated. The base (0-25 g.) regenerated from the 
mother-liquors was converted into picrate and gave 0-35 g. of the 
above salt, m. p. 152—153°. The total yield is thus 82% of the 
theoretical. The identity of the salt, for which Pyman (loc. cit.) 
gives m. p. 159—160° (corr.), was confirmed by the preparation 
from it of the hydrochloride, m. p. (dry) 217—218° (corr.), and 
base, m. p. 83—84° (corr.) (Pyman gives m. p. 216—217° [corr.] 
and 83—84° [corr.] respectively), and by comparison of the latter 
with an authentic specimen prepared by the reduction of 6: 7-di- 
methoxy-3 : 4-dihydrotsoquinoline methiodide (mixed m. p. 83—84° 
[corr.]). 
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COX XI.—The Surface Tensions of Aqueous Phenol Solu- 
tions. Part II. Activity and Surface Tension. 
By ArtHuR KennetH GoarRpD and Eric KeicHTLEyY RIDEAL. 


THE equation of Gibbs determining the surface adsorption of 
substances in solution (‘‘ Equilibrium in Heterogeneous Systems,” 
Scientific Papers, Vol. IT) should strictly be written in the form 


Tt = — do/dp, where o = surface tension and wp = py + RT log. a.” 


Tt is here the excess concentration (positive or negative) of the 


solute at the surface and a is the mean activity of the solute (compare — 


Lewis and Randall, “‘ Thermodynamics,’ New York, 1923). 

Very little attempt has been made hitherto to apply this equation 
to actual cases, most workers having dealt with systems in which 
the activity can be equated approximately to the bulk concentration 
of the solute. Since it is frequently just in concentrated solutions, 
where this equality fails to hold, that adsorption phenomena become 
important, it is highly desirable that the strict form of the Gibbs 
equation should be more widely adopted. As a simple example of 
the use of activities, we may take the case of a binary liquid mixture 
at its critical solution temperature, where a small change in the 
relative proportions of the components does not affect the surface 


tension, regardless of the amount of surface adsorption (Lewis and 


Randall, op. cit., Chap. X XI, Exercise 7). It further follows that in 
the region of this critical point, unless the adsorption exhibit very 
sudden and violent changes, the surface tension is largely inde- 
pendent of the relative concentrations of the two components. In 
Part I of this investigation it was shown that the difference between 
the surface tensions of the two liquid phases formed by phenol 
and water was only 0-33 dyne/cm. at 0°, and that this difference 
diminished continuously up to the critical solution temperature. 
The surface tensions of the two phases are thus remarkably similar, 
despite large differences of composition. A generalisation of this 
kind was stated empirically by Antonov in 1907 (J. Chim. Phys., 
1907, 5, 364); it is now seen to be the natural result of the activity 
relations displayed by two liquids in the “ critical zone.” 

As an example of the opposite kind, in which the activity of a 
solute may undergo great alteration without any change of con- 
centration, we may take the “ salting out” of organic substances 
from aqueous solutions by the addition of inorganic salts, e.g., that 
of phenol by sodium chloride. Various experimenters have shown 
that the toxicity of phenol in aqueous solution is increased by the 
addition of salt; their results have been summarised by Lash 
Miller (J. Physical Chem., 1920, 24, 562). Berczeller (Biochem. Z., 


bss. 
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1914, 66, 173, 191, 202) showed that this increase was accompanied 
by a lowering of the surface tension. Miller (loc. cit.) suggested that 
both these phenomena are due to an increase in the chemical poten- 
tial of the phenol; and Lemon (J. Physical Chem., 1920, 24, 570) 
and Laird (ibid., p. 664) showed that approximately the same 
toxic power was exhibited by all “ equivalent ”’ phenol solutions— 
7.e., solutions of phenol in water containing different amounts of salt, 
but all in equilibrium with the same solution of phenol in some 


immiscible solvent (e.g., kerosene). 


A more precise investigation of the relation between the surface 
tensions and activities of such solutions being desirable, the system 
phenol-sodium chloride-water was chosen for this purpose. To 
determine the phenol activity in aqueous solutions containing salt, 
analysis of the vapour proved inadequate, the partial pressure of 
the phenol being too small to allow of accurate measurement, and 
a partition method in which amyl alcohol was used as the second 
solvent failed because the distribution of amyl alcohol itself was 
affected by the presence of salt. Paraffin oil, however, being nearly 
insoluble in water, was practically free from this disadvantage. 

The concentration of phenol in paraffin in equilibrium with a 
saturated aqueous solution of the former is small (about 0-2 mole/ 
litre). Unfortunately, from zero concentration up to fifth molar, 
the activity of phenol in paraffin is not directly proportional to the 
concentration (see Table I); otherwise, its determination would be 
very simple. Since phenol associates in water, the curve relating 
its activity in water to its concentration therein must be concave 
towards the concentration axis (7.e., the activity increases more 
slowly than the concentration). The experimental curve relating 


the concentrations of phenol in paraffin in equilibrium to the 
_ corresponding concentrations in water was, however, convex towards 


‘the latter axis, showing, as might indeed have been anticipated, 


that phenol associates more rapidly in paraffin than in water. 
An independent method of determining the phenol activity is 


_ therefore necessary in order that the concentrations of phenol in 


paraffin may be referred to the true activities of the former. From 
data supplied by Peddle and Turner (J., 1911, 99, 691), it is possible 
to calculate the approximate activity of phenol in salt-free solution, 
up to 0-55, if the effect due to heat of dilution be neglected. By 
referring these to the values in Table I, using a rough extrapolation 
to cover the higher phenol activities, we were able to draw a set of 


_ curves giving the relation between the concentration of phenol in 


| 
; 


the aqueous phase and the phenol activity. These curves were 
now initially concave towards the concentration axis. 
Beyond a certain point, however, which corresponded to a 0-4M- 
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solution of phenol in pure water, the curves were inflected, becoming 
convex. This inflection was undoubtedly due to insufficient 
correction of the original data; at higher concentrations the effect 
of heat of dilution probably becomes of importance. Analysis 
of the freezing-point data by Lewis and Randall’s method (constancy 
of j/m) also indicated that errors in the activity values might be 
expected to become considerable at concentrations much beyond 
the above. In particular, the graphical extrapolation necessary 
over the regions of higher activity is very sensitive to error. 

It was decided, therefore, to assume that the activities, as calcu- 
lated by the freezing-point method, were sensibly correct up to a 
value of about 0-3 (2.e., that corresponding to a 0-4M/-solution of 
phenol in pure water). Beyond this, the relation between activity 
and concentration was assumed to be expressed by a graphical 
extrapolation of each curve, preserving throughout the extrapolated 
region the curvature of its earlier portion. This procedure was in 
some measure justified (a) by the fact that for the curves relating 
to the higher salt concentrations the extrapolation was nearly 
linear, and (b) by the observation that if the corrected activities, as 
obtained separately from each of the curves, were all referred to a 
common diagram expressing the relation between phenol activity 
and concentration in paraffin solution, a set of points was obtained 
which lay, with very small deviations, on a single curve. 

Finally, therefore, a smooth curve was drawn through these 
points, relating the concentration of phenol in paraffin to its cor- 
rected activity; and from this curve the values given in column IV 
of Table I were obtained. The results are shown in Fig. 1; curves 
I—VI give the activities of phenol in aqueous solutions containing 
0, 5, 10, 15, 20, and 25 g. of sodium chloride per 100 c.c. of solution 
respectively. The nature of the second, graphical, correction of 
activities is shown in curve V, where the dotted curve indicates the 
inflection obtained at higher concentrations, using the extrapolation . 
from the freezing-point data of Peddle and Turner. 

The experimental procedure adopted to determine the partition 
of the phenol was as follows: 20 c.c. Portions of a phenol solution 
of known concentration were placed with 20 c.c. of paraffin oil in 
glass-stoppered bottles, to which weighed amounts of salt had been 
added, immersed in a thermostat at 20°. The mixtures were shaken 
vigorously and repeatedly for some hours, and 10 c.c. of the lower, 
aqueous, layer were then removed and the phenol content was 
estimated by Koppeschaar’s method, using a standard solution of 
potassium bromate and bromide. The phenol content of the 
paraffin phase was estimated by difference, save in the case of those 
solutions which comprised three-phase mixtures : water + phenol + 
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salt, a phenol-rich phase, and phenol + paraffin. Of these mixtures, 
which are marked “ saturated ”’ in Table I, the aqueous phase was 
estimated as before; 10 c.c. of the paraffin phase were then removed, 
and shaken with an equal volume of water. From the amount of 
phenol passing into the water, it was possible, by means of previous 
measurements of the partition of phenol in the absence of salt, to 
estimate the amount of phenol present in the paraffin phase of the 
original mixture. 


TABLE [. 


Column I gives the concentration of sodium chloride in moles/litre; column 
Ia, the salt concentration in g./100 c.c. of solution. 


Salt cone, Phenol concentration (mole/litre). IV. Corrected 
= Ta. Ii. In water. III. In paraffin. phenol activity. 

0 0 0-069 0-014 0-067 
0-206 0-044 0-189 

0-419 0-098 0-345 

0-663 0-166 0-462 

0-889 (sat.) 0-228 0-526 

0-855 5 0-064 0-019 0-090 
0-188 0-062 0-244 

0-304 0-111 0-374 

0-366 0-145 0-432 

0-510 (sat.) 0-265 0-550 

1-71 10 0-059 0-024 0-110 
0-170 0-081 0-300 

0-214 0-111 0-374 

0-350 (sat.) . 0-292 0-558 

2°57 15 0-052 0-030 0-134 
0-147 0-103 0-356 

0-180 0-147 0-436 

0-236 0-281 — 0-556 

3°42 20 0-046 0-036 0-158 
0-124 0-126 0-400 

0-146 0-179 0-476 

0-180 0-336 0-576 

0-182 (sat.) 0-353 0-580 

4-28 25 0-040 0-043 0-180 
0-102 0-148 0-438 

0-114 0-21] 0-508 

0-134 0-395 0-588 


The Surface Tensions of Aqueous Phenol, and Phenol—Salt, Solutions. 


In these experiments the phenol content was estimated by-titra- 
tion, and the surface tensions were determined by the drop-weight 
method, using the apparatus previously described (Goard and Rideal, 
this vol., p. 780). The densities of the solutions of sodium chloride 
were taken from Kohlrausch, the difference of density (which is 
small) due to the phenol being taken as directly proportional to the 
phenol concentration. 

All measurements were made at 20°. The weight of ten drops 
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was ascertained, the mean weights given below being calculated 
from several closely concordant determinations. 


TABLE II. 


The first column gives the salt concentration in moles/litre, the second 
column the concentration in g./100 c.c. of solution. 


Salt cone. Phenol cone. Mean wt. of Surface tension 
I. Ii. (mole /litre). 10 drops (g.). Density. (dynes/cem.). 
0 0 0-050 0:8442 0-999 67°88 
0-127 0-7473 0-999 60-10 
0-268 0:6398 1-000 51-58 
0-496 0:5550 1-003 44-97 
0-889 Surface tension taken from Part I 39-98 
BTL. 10 0-053 0:7988 1-064 64-26 
Be AbD | ane 0-7416 1-125 ' 59-68 
5-13 30 00-6749 p BN Bb fey a 54-61 
6:15 36 00-6492 1-215 52-68 
1:71... 10 0-127 0-6811 1-065 55-14 
3°42 20 0:6100 1-126 49-43 
4-28 25 00-5616 1-154 45-32 
4:70 27-5 0:5451 1-169 44.23 
4:96 29 0:5452 1-180 44-18 
71! 10 0-223 0:5891 1-066 47-93 
2:57 15 0-5489 1-097 44-48 
2°98 17:5 0-5281 1-112 42-75 
3:42 20 0-5243 1-127 42°50 
0:85 5 0-344 0-5680 1-035 46:02 
1-37 8 0-5449 1-053 44-15 
2:05 12 0-5156 1-080 41-78 
mee ers 0-5121 1-086 41-59 


In Fig. 2, the surface tensions of phenol solutions containing 
difierent amounts of salt (obtained by graphical means from Table IT) 
are shown plotted against the logarithm of the corresponding phenol 
activities. Curves I—VI represent solutions containing 0, 5, 10... 
25 g. of salt per 100 c.c., respectively (corresponding thus to curves 
I—VI in Fig. I). 

Considering first curve I, it will be observed that, as the activity 
of the phenol increases, the slope of the curve also increases, at first 
rapidly, then much more slowly, up to the point of saturation. The 
whole curve, in fact, strongly resembles those reproduced by Harkins 
for aqueous solutions of the lower fatty acids (“‘ Surface Energy in 
Colloidal Systems,” Chap. VI, Vol. I of “Colloidal Behaviour.” 
Bogue, New York, 1924). 

The maximum value of the adsorption, I, found by drawing a 
tangent to the curve at its steepest point, and taking the mean of 
several such determinations, is 69-2 + 1 x 10™ g.-mol. per sq. cm. 
If we follow Langmuir (J. Amer. Chem. Soc., 1917, 39, 1848) in 


assuming that the surface layer is comprised in a unimolecular 


film, the area, A, occupied by a single molecule at the surface is 
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given by A=1/I'N, whence A = 23-8+ 0-5 x 1076 sq. cm. 
The value found by Adam (Proc. Roy. Soc., 1923, A, 103, 676) in 
the cases of p-hexadecyl- and p-octadecyl-phenol was _ also 
23:8 A.U. This, he considers, represents the area of cross-section of 
the benzene nucleus. The agreement here can scarcely be accidental ; 
it indicates that the molecules of ordinary phenol form a uni- 
molecular film at the surface, the hydroxyl groups being drawn 
inwards, leaving the plane of the benzene nucleus at right angles 
_to the surface. 

Fig. 1. 


Activity of phenol in aqueous solution. 


| 
Ze 


Mole of phenol per litre. 


The thickness of the adsorbed layer can only be calculated by 
assuming a value for the density, which is probably nearly that 
of pure phenol. The density of solid phenol at 33° is 1:06; that of 
the phenol-rich phase formed at 20° is 1:05. The thickness of the 
adsorbed layer, taking the latter figure, is 6-4 A.U. The probable 
length of the benzene ring is given by Adam as about 6 A.U. 

These values differ considerably from those given by Langmuir 
(loc. cit.), who, from data furnished by Morgan and Egloff (J. Amer. 
Chem. Soc., 1916, 38, 555, 844), deduces that the phenol molecule, 
of mean area 34 A.U., lies flat on the surface of the solution. This 
difference is principally due to the fact that Langmuir assumed the 
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phenol activity to be throughout proportional to the concentration. 
If the present values for the surface tensions be plotted against the 
logarithms of the concentrations, the maximum apparent value of 
I is reached in the middle of the curve, at a concentration of phenol 
of about 0-2 mole/litre, after which there is a decrease of slope, and 
consequently a decrease in the apparent value of the adsorption, 
due to the fact that no allowance has been made for association of 
the phenol. | 


Surface tension in dynes per cm. 


Logy) phenol activity. 


Considering now the curves formed by solutions of phenol con- 
taining salt, we see that they lie parallel to curve I, and have the 
same slope at corresponding activities. It follows that the amount 
of phenol adsorbed at the surface of equi-active phenol solutions 
is independent of the concentration of salt in the solution. The 
curves are, however, not coincident, showing that the salt has an 
effect on the actual value of the surface tension. The extent of 
the displacement of the curves shows this effect to be nearly the same 
as that of salt on pure water. At higher concentrations, however, 
the effect of salt on the phenol solutions diminishes, the curves for 
15, 20, and 25% of salt being closer together than those for 0, 5, and 
10%. With pure water, on the other hand, the effect increases as 
the salt solution becomes more concentrated. 
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Discussion of Results. 


The results described in this paper do not seem to support the 
now well-known theory of surface tension proposed by Langmuir 
(loc. cit.) and Harkins (op. cit.), which maintains (1) that the 
surfaces of liquids containing asymmetric molecules consist of a 
unimolecular film of these molecules, oriented in such a way that 
their more active portions are drawn inwards, and (2) that “ the 
surface energy of a liquid is thus not a property of the group mole- 
cules, but depends only on the least active portions of the molecules, 
and the manner in which these are able to arrange themselves in the 
surface layer’ (Langmuir, loc. cit.). We have seen that there is 
good reason to suppose that the adsorbed layer at the surface of 
aqueous phenol solutions, at least when these approach saturation, 
consists of a unimolecular film of oriented phenol molecules. 
This is in accordance with the views of Langgnuir; but further 
consideration must lead us to hesitate before ascribing, as this 
theory postulates, the actual surface tensions of the solutions 
entirely to the effect of the stray fields of force surrounding the 
outer layers of atoms. 

Langmuir supposes the surface tension of an aqueous salt solution 
to consist of a unimolecular layer of oriented water molecules; 
but if these oriented molecules, by virtue of their stray fields, are 
alone responsible for the elevation of the surface tension, it is 
difficult to conceive that their effect should be largely unaltered by 
the presence at the surface of a closely packed layer of phenol 
molecules. Yet we have seen this to be the case. It would seem 
that, besides the effect of the surface film, it is necessary to take into 
account what may be called the “‘ foundation ” of the film. This is 
further indicated by the form of the curves obtained if the surface 
tensions given in Table II are plotted against salt concentration. 
The lowering of surface tension is at first nearly linear; with increas- 
ing salt concentration, the rate of fail increases somewhat up to a 
point of inflection, shortly after which a second phase separates ; 
the surface tension varies very little beyond this point. Close 
inspection of the curves shows that there is no marked discontinuity 
at the “ salting-out ” point; for some little distance before the point 
is actually reached the rate of fall of surface tension diminishes, 
indicating possibly a thickening of the surface film of phenol mole- 
cules. Even here, however, the effect of the salt persists; since the 
actual value of the surface tension at different salting-out points 
varies with the salt concentration. 

We must conclude, therefore, that although the presence of a 
unimolecular film of oriented phenol molecules at the surface 
is probably the chief factor in determining the surface tension, 
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the molecules at greater depths have also an influence upon it. 
Recent work by Iredale (Phil. Mag., 1923, 45, 1088; 1924, 48, 177), 
Wilson (Physical Rev., 1920, 16, 8), and Terzaghi (abid., p. 54) 
indicates that molecular forces may be active over ranges con- 
siderably exceeding the length of a single molecule. A complete 
theory of surface tension should cover both the surface film and the 
‘ foundation ”’ upon which that film rests. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
CAMBRIDGE UNIVERSITY. [Recewed, May 10th, 1925.]} 


CCX XII.—Bromination of Acyl Derivatives of Phenyl- 
hydrazine. Preparation of 2:4-Dibromophenyl- 
hydrazine.. | 

By Jamres Ernest Humpuriss and Roy Evans. 

BROMINATION, even with excess of the halogen, of the acetyl and 

benzoyl derivatives of phenylhydrazine in cold chloroform or carbon 

tetrachloride does not produce diazonium salts (compare Michaelis, 

Ber., 1893, 26, 2190; Vaubel; J. -pr. Chem., 1894, 49, 540; 1897, 

55, 220). The formation of diazonium salt in Michaelis’s experi- 

ment appears to have been due to the action of the bromine on 

phenylhydrazine formed from its acetyl derivative by hydrolysis 
by the hydrochloric acid used as solvent. 

In our experiments, no evidence was obtained of the existence of 
N-bromo-compounds, proved by Chattaway (J., 1908, 93, 852) to 
be formed in the bromination of phenylhydrazine. _ 

The experiments were carried out at —5° to —10°. After the 
initial experiments chloroform was used as solvent, since the acyl 
derivatives are more soluble in it than in carbon tetrachloride. 
The brominated phenylhydrazines produced were identified by 
conversion into the bromophenylhydrazones of benzophenone or 
benzaldehyde. Tests for diazonium compounds were carried out 
with an alkaline solution of 6-naphthol. 

Acetylphenylhydrazime. (1) Bromine (1 mol.) was added gradu- 
ally to the solution, which became red and turbid. Acetyl-p- 
bromophenylhydrazine hydrobromide slowly separated as a white, 
crystalline solid, m. p. 132° (decomp.) (Found: total Br, 51-5; 
HBr, by titration with baryta, 26-4. C,H,ON,Br,HBr requires 
total Br, 51:6; HBr, 26-1%). The compound dissolved imme- 
diately in alcohol and from the solution acetyl-p-bromophenyl- 
hydrazine, m. p. 164°, was soon deposited (Found: Br, 34-7. 
Calc., Br, 34-9%). 
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(2) Asolution of 12 g. (1 mol.) of acetylphenylhydrazine in 400 c.c. 
of chloroform was cooled to 0°, slowly treated with 8-2 ¢.c. (2 mols.) 
of bromine, and kept for 12 hours at the ordinary temperature, 
when the heavy, red oil that had separated solidified (from more 
dilute solutions it separated in crystals). The crystalline mass, 
which was washed with chloroform, was acetyl-2 : 4-dibromophenyl- 
hydrazine hydrobromide, m. p. 146° (decomp.); it decomposed in 
the air, giving off hydrogen bromide (Found: total Br, 61-85; 
HBr, 20-9. C,H,ON,Br,,HBr requires total Br, 61-7; HBr, 
20-8%). The compound was dissolved in cold alcohol and water 
added to the solution, when acetyl-2 : 4-dibromophenylhydrazine, 
m. p. 146°, was formed in theoretical yield (24—25 g.) (Found: 
Br, 51-7. Calc., Br, 51-9%). The hydrochloride of the hydrazine 
was easily obtained by warming the acetyl derivative with con- 
eentrated hydrochloric acid. 

Benzoylphenylhydrazine. The solution turned red and turbid 
when the bromine (2 mols.) was added and after a short time white 
needles of 2: 4-dibromophenylhydrazine hydrobromide separated 
(Found: Br, 68-9. Calc., Br, 69-:2%). 


THe UNIVERSITY, ABERDEEN, [Recewved, May 21st, 1925.] 


CCX XIII.—The Structure of «-Campholytic Acid. A 


Correction. 


By JUAN PEDIGE CHARLES CHANDRASENA, CHRISTOPHER KELK 
INGOLD, and JOCELYN FiIeLp THORPE. 


In a previous paper (J., 1922, 121, 1542) it was pointed out that 
the existing evidence of the structure of campholytic acid is equi- 
vocal: it could be used just as easily to support the bridged-ring 
constitution (I) as the accepted unsaturated structure (II). The 
possibility of a tautomeric form having structure (I) had not 
previously been considered, but it was suggested that the time 
had arrived to do so in view of the proved tautomerism between 
(III) and (LV) (compare Parts I and II of the same series). 


CMe——CH CMe===0H 

lL) CM q°7 ONG Me (II.) 
ead ((CO,H)-CH, ~ ? OOH CO,H)-CH, 
(C0 »H)-CH, a H):CH 

IIL. Me IV. 

GL) CMe Kn he? == CMe heii BE 


The object of the paper was, therefore, to aes unequivocal 
evidence favouring formula (I), and it was suggested that the oxid- 
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ation of campholytic acid to the lactonic acid (V1) might be regarded 
in that light : 


CH, CHMe——CO 


(L) GEO CMe, BE) 
C(OH)(CO,H)-CH, \CH(CO,H)-O 
(V.) (VI.) 


The lactone (VI) has the same m. p. and almost the same pro- 
perties as the isomeric lactone (VIII), which, of course, might arise 
from either (I) or (IL), through (VII) : 


/S(OH)Me—CH, //SMe(COsH)-O 
(I or IL) Ga) CMe,C > OMe, 
CH(CO,H):CH, CH, CO 
(VILI.) (VIII.) 


The lactone actually obtained, however, is not (VI), as was at 
first supposed, but (VIII); and so, again, the evidence of structure 
is ambiguous. 

Structure (VI) was incorrectly assigned to the lactonic acid on 
the grounds of its identity with a specimen prepared from tri- 
methylglutaric acid by Pandya and Thorpe (J., 1923, 123, 2865), 
who, being misled by an erroneous statement of Balbiano (now 
corrected : this vol., p. 1072), wrongly regarded the substance as 
possessing formula (VI). The authors desire to express their 
regret that this mistake should have arisen. 


THE IMPERIAL COLLEGE, SOUTH KENSINGTON. 
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CCXXIV.—The Formation and Stability of spiro-Com- 
pounds. Part XII. Further Evidence for the Multi- 
planar Configuration of the cycloHeptane Ring. | 


By JoHN WILLIAM BakER. 


BAKER and INGoLD showed (J., 1923, 123, 122) that the original 
hypothesis of Beasley, Ingold, and Thorpe (J., 1915, 107, 1080) 
fails, when applied to the cycloheptane ring, in a manner suggesting 
that this rg, when once formed, is nearly strainless and therefore 
possesses multiplanar configuration. 

To obtain confirmatory evidence, the action of hydrolysing 
agents on the dibromo-ester (1) and the methoxy-ring acid (II) has 
been investigated with the object of preparing either or both of 
the acids of types (III) or (IV). 
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OH,-CH,-CH, CHBr-CO,Et OH,-CH,-CH, C(OMe)-CO,H 
CH, CH, ‘CH, >C OSCHBr CO, Et CH, CH, CH Pesta -CO,H 
(I. 


(OH): -CO,H CO: if H 
CH-CO,H RC< oH, -CO,H 


The relative stability of these acids (III) and (IV) forms an 
important criterion respecting the condition of strain in the cyclo- 
heptane ring, for whilst in the dimethyl (R, = Me,, angle 109-5°) 
and cyclopentane series (R, = C,H,>, angle 108°) the open-chain 
Keto-form is the stable modification, in the cyclohexane series 
(R, = C;H, >, angle 120°) the strain in the three-membered 
sptro-ring is so far relieved that the hydroxy-ring acid becomes the 
stable isomeride; in intermediate cases, R, = Et, and Pr*,, a tauto- 
meric equilibrium exists between the keto- and hydroxy-ring forms. 
If, therefore, the cycloheptane ring is uniplanar as used to be sup- 
posed (angle 128-6°), its hydroxycyclopropane compound of type 
(IIT) should be even more stable than the cyclohexane analogue. 
If, on the other hand, the seven-membered ring is multiplanar, and 
therefore strainless or nearly so, it should resemble more closely 
its cyclopentane analogue and the keto-acid (type IV) should be 
the stable modification. 

The results obtained clearly indicate that the cycloheptane ring 
is strainless, or nearly so,* for the open-chain keto-acid was the 
more stable isomeride, the hydroxy-ring acid (which was isolated) 
passing into the keto-acid under the conditions in which this 
reversible isomeric change has been observed in other cases. 

On hydrolysis of the dibromo-ester (I) with boiling methyl- 
alcoholic potassium hydroxide the methoxy-ring acid (II), analogous 
in all respects to the corresponding cyclohexane compound, was 
obtained. On hydrolysis with hydrobromic acid this methoxy-ring 
acid gave a large yield of a liquid acid and a very small yield of a 
solid acid which, although insufficient was obtained for analysis, 
was identified as cycloheptanespirocyclopropane-1 : 2-dicarboxylic 
acid (V), the hydrobromic acid evidently having acted partly as a 
reducing agent. 


OH,-CH,°CH OH-CO,H OH,-CH,"CH. H),"CO,H. 
C 


2 2 
CH, -CH,° CH, © < HCO, H,-CH,: eS eee -CO,H 
(V.) (VI.) 


Wir.) Rk uc (IV.) 


The liquid acid, which was purified through its silver salt, proved 
to be the hydrated form (VI) of the keto-acid, for it readily 


* Other investigators have reached the same conclusions on quite different 
grounds (compare Meerwein and his collaborators, J. pr. Chem., 1922, 104, 
161, 289; Dickens, Horton, and Thorpe, J., 1924, 125, 1830). 
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yielded a semicarbazido-acid on treatment with semicarbazide 
acetate.* 

Hydrolysis of the dibromo-ester (I) with boiling 64% aqueous 
potassium hydroxide yielded (a) a small amount (about 1%) of the 
hydroxy-ring acid, (b) a large proportion of the above-mentioned 
hydrated keto-acid, and (c) a liquid lactonic by-product which, 
owing to an insufficiency of material, could not definitely be 
identified. . 

From these experiments, it appears that, in the presence of hot 
concentrated alkalis, a tautomeric equilibrium, greatly favouring 
the open-chain form, exists between the hydroxy-ring acid and the 
keto-acid. 

Thus the cycloheptane compounds resemble closely their cyclo- 
pentane analogues, which contain a practically strain-free ring, 
and therefore it may be asserted with considerable confidence that 
the cycloheptane ring also is nearly strainless as suggested in the 
earlier communication (loc. cit.). 

It seems curious that the cycloheptane ring should be multi- 
planar whilst the cyclohexane ring shows no evidence of strainless 
configuration until joined to another ring in some such combination 
as is represented in decahydronaphthalene. ‘This, however, can 
be accounted for if we assume with Mohr (J. pr. Chem., 1918, 98, 
352) that these rings undergo vibrational interchange between the 
strainless and uniplanar phases, and further postulate that the 
uniplanar phase, which is more highly strained in the cycloheptane 
than in the cyclohexane series, is, for that reason, of much smaller 
duration in the former than in the latter type of ring. 


ExPERIMENTAL. 


The ethyl ««’-dibromocycloheptane-1 : 1-diacetate used was pre- 
pared as described by Baker and Ingold (loc. cit.). Since it cannot 
be distilled without passing into the bromolactone, the undistilled 
product was employed. 

Hydrolysis of the Dibromo-ester (I).—(a) With methyl-alcoholic 
potassium hydroxide. cycloHeptanespiro-1-methoxycyclopropane- 
1: 2-dicarboxylic acid. The dibromo-ester (5 g.) was added as 
rapidly as was consistent with safety to a boiling solution of pot- 
assium hydroxide (10 g.) in 30 c.c. of methyl alcohol, and boiling 

* Incidentally an observation was made which probably explains the 
frequent failure to prepare semicarbazones of the ketoglutarice acids pre- 
viously investigated. The cycloheptane semicarbazido-acid-is a stronger 
acid than acetic acid and under the ordinary conditions of semicarbazone 
formation takes sodium from the sodium acetate employed. Its mono- and 


di-sodium salts are sufficiently sparingly soluble to separate from the solution, — 
but it may well be that in lower series such salts are too soluble to do likewise. 
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continued under reflux for a further 20 minutes. After evaporation 
of the alcohol, the residue was repeatedly extracted with ether, 
whence the methoxy-ring acid was obtained as a gum which slowly 
solidified. On crystallisation from ether-—ligroin (b. p. 40—60°), 
it was obtained in large rosettes, m. p. 165° (Found: OC, 58-7; 
H, 7-4; MM, by titration, 121-3. C,,H,,.0O, requires C, 59-4; H, 
mp °%;. YW, 121-2). 

(b) With 64% aqueous potassium hydroxide. The dibromo-ester 
(5 g.) was added as rapidly as was consistent with safety to 45 c.c. 
of boiling 64% potash solution, and boiling continued for 20 minutes. 
The residue obtained from the ethereal extract of the cooled, 
diluted, and acidified product was a gum which was repeatedly 
extracted with warm water. The aqueous extract on evaporation 
left an almost colourless gum, from which a minute quantity of 
the hydroxy-ring acid (III) was slowly deposited as a white, crystal- 
line solid (mixed m. p. determination). 

The liquid fraction of the soluble portion, treated with semi- 
earbazide hydrochloride in a saturated solution of sodium acetate, 
slowly deposited the white disodium salt of the semicarbazido-acid, 
which was drained on porous tile and crystallised from methyl 
alcohol-ethyl acetate, from which it separated as a crystalline 
powder, decomp. 240° (Found: Na, 14:3. C,,H,,0,;N,Na, requires 
Na, 140%). Another portion of the gum was dissolved in dilute 
ammonia and the silver salt precipitated by the addition of silver 
nitrate to the neutral solution (Found: Ag, 46-8. C,,H,,0,Ag, 
requires Ag, 46-9%). 

The portion insoluble in water formed no semicarbazone derivative 
and from its general characteristics appeared to be the same. 
_hydroxy-lactone obtained when the bromo-lactone was hydrolysed 
with concentrated potash solution (Baker and Ingold, loc. cit.). 

Hydrolysis of the Methoxy-ring Acid with Hydrobromic Acid.— 
ax'-Dihydroxycycloheptane-1 : 1-diacetic acid (VI). The methoxy- 
ring acid (0-75 g.) was heated under reflux with 7:5 c.c. of hydro- 
bromic acid (d 1-49) for 2 hours, the hydrobromic acid evaporated 
off on the steam-bath, and the residue extracted with ether. The 
gum obtained from the ethereal extract deposited, after long 
standing, a small quantity of a crystalline acid, m. p. 215°, which 
depressed the m. p. of the hydroxy-ring acid but not that of the 
cycloheptane spiroacid (V).- 

The portion which would not solidify, consisting of the hydrated 
form of the keto-acid, was dissolved in dilute ammonia, silver 
nitrate solution added to the neutral solution, and the precipitated 
silver salt (Found: Ag, 46-7. ©,,H,,0,Ag, requires Ag, 46-9%) 
washed successively with water, alcohol, and ether. The acid was 
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regenerated by warming the silver salt with hydrochloric acid and 
extracting with pure ether. On treatment with a solution of 
semicarbazide acetate, it deposited the white, crystalline mono- 
sodium salt of the semicarbazido-acid, which, treated like the 
disodium salt, was obtained as a white, crystalline powder, decomp. 
235° [Found: C, 47-2 (corrected for the percentage of carbon 
which remained unburnt as sodium carbonate); H, 5-85; Na, 7-4. 
C,,H,,0,N,Na requires C, 47:0; H, 5-9; Na, 7-5%]. 

A Correction.—The acid X (this vol., p. 987), described as a 
bicycloheptane derivative, has since been found to be a lactonic acid 
derived from this by hydrolytic fission of the three-membered ring. 
The mechanism of the reaction is being further investigated. 


The author desires to express his gratitude to Professor C. K. 
Ingold, F.R.S., for his kindly interest and advice during the progress 
of this investigation, and to the Research Fund Committee of the 
Chemical Society for a grant. by which most of the expenses incurred 
in this research were met. 


THE UNIVERSITY, LEEDS. [Recewed, May 27th, 1925.] 


CCX XV.—T ridentate Groups in Complexes of Tetrahedral 
and Octahedral Symmetry. 


By J. D. Marn Smrira. 


Untin 1912, the property of rotating the plane of propagation of 
polarised light had been invariably ascribed to the presence of 
“asymmetric atoms”’ in the molecules of compounds. In every 
case, each such characteristic atom was discernible as in direct 
association with four different atoms or atomic groups arranged 
tetrahedrally about the active atom. In 1911, Werner showed that 
optically active compounds could contain an ‘‘ asymmetric atom ” 
with which six atoms or atomic groups were octahedrally associated. 
His demonstration in 1912 of the existence of optically active com- 
pounds containing a cobalt atom octahedrally associated with three 
identical groups of atoms (chelate ethylenediamine molecules) led 
him to abandon the conception that optical activity is due to the 
presence of “ asymmetric atoms” and to attribute optical activity 
to molecular asymmetry. Subsequent chemical evidence points 
strictly to the existence in optically active compounds generally, 
not of asymmetric atoms, but of asymmetric molecules, and, in the 
light of recent knowledge of the structure of atoms, it appears 
probable that every atom, at least so far as the outer structure is 
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concerned, possesses at least one plane of symmetry. Neverthe- 
less, it is possible to discern in the molecule of every known optically 
active compound a central or nuclear atom about which the asym- 
metry of the molecule is focussed. This nuclear atom is the so-called 
asymmetric atom. In the case of optically inactive compounds, it 
is similarly possible to discern a central or nuclear atom about 
which the symmetry of the molecule is focussed. This atom, almost 
invariably that directly combined with the largest number of atoms 
or atomic groups, is the nuclear atom of Werner’s co-ordination 
theory. 

For the purposes of classification and nomenclature of chemical 
compounds it is necessary to select certain atoms in molecules as 
points of reference to which all other atoms in the molecule may 
be regarded as related. As the spatial relationships of atoms in 
molecules can be ascertained almost solely from considerations of 
symmetry, it is necessary to select the nuclear atom of a co-ordina- 
tion complex as the point of reference, and to regard separately each 
atom directly attached thereto. An atom directly attached to a 
nuclear atom may itself be multivalent and may become the end 
member of an atomic group which may be considered as an entity 
or radical directly attached to the nuclear atom. Obviously such 

an atomic group may be attached directly to the nuclear atom by 

Means of more than one atom, and atomic groups may thus be 
classified as unitary, chelate, and tridentate, respectively, according 
as they contain one, two, and three atoms directly attached to the 
nuclear atom. 

The term “ chelate group,’ used by Professor G. T. Morgan to 
indicate its claw-like attachment to a nuclear atom to form a cyclic 

system of linked atoms, may logically be extended to any atomic 

group which combines with a single atom to form a cyclic system, 
but it is convenient to restrict its use to those groups which yield 
heterocyclic systems when combined with nuclear atoms, usually 
metallic atoms. 

Tridentate groups may be regarded as comprising three fused 

| chelate groups and may be symbolised as ABC to indicate the three 
comprised chelate groups AB, AC, BC. Tridentate groups may be 

Classified according to the number of different chelate groups com- 
prised, and can be of only three types symbolised by AAA, AAB, 
and ABC, the first comprising three similar chelate groups, the second 

two similar chelate groups, and the third three different chelate 
groups. 

_ Tridentate groups have long been known in organic chemistry, 

but invariably associated with so-called tetrahedral atoms. Removal 

of one of the median carbon atoms of naphthalene, for example, 
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leaves a typical tridentate group. Tridentate groups in inorganic 
chemistry were first identified by Werner in association with an 
octahedral nuclear atom, or more properly, with a nuclear atom 
having the co-ordination number six. The group (NH,),;Co(OH),, 
for example, was proved to be capable of uniting with another 
nuclear cobalt atom, both having the co-ordination number Six, 
as in the complex ion 


OH 
(NH,),CoOHCo(NHs)s, 
OH 


in which each (NH,),Co(OH), group is a tridentate group to the 
other Co atom. Prior to 1924, all the tridentate groups identified 
were found in complexes containing at least two octahedral nuclear 
atoms, as in the foregoing example. In that year, Pope and Mann 
(Compt. rend., 1924, 178, 2085) proved that «fy-triaminopropane 
was a group capable of triple attachment to a single metallic atom 
having the co-ordination number six, the cobaltic and rhodium 
compounds containing only two molecules of the tri-acidie base per 
metallic atom. 

In view of the interest attaching to such compounds containing 
tridentate groups in uni-nuclear octahedral complexes, the results 
of the examination some years ago of the possibilities of tetrahedral 
and octahedral isomerism, due to association of tridentate groups 
with a single nuclear atom, are now published. A complete examin- 
ation of the possibilities of tetrahedral and octahedral isomerism in 
complexes containing single atoms or unitary groups and also those 
containing chelate groups has already been published (‘‘ Chemistry 
and Atomic Structure,’ 1924, ch. VIL). The following tables are 
based on the system of symbolisation there presented, with the 
necessary modifications for tridentate groups. 

Only one main type of tetrahedral complex containing tridentate 
groups is possible, and consists of one tridentate group (symbolised 
by three capitals) and one unitary group (symbolised by lower-case 
letters). As shown above, only three variants of tridentate groups 
are possible, symbolised by AAA, AAB, and ABC, to indicate the 
various possible combinations of three fused chelate groups. This 
single type of tetrahedral complex is thus divisible into only three 
classes, (i) AAAb, (ii) AABc, and (iii) ABCd. The first class 
consists of a single optically inactive form, and the second and third 
each of two optically active (enantiomorphous) isomerides. 

Three main types of octahedral complexes containing tridentate 
groups are possible, the first containing three single atoms or three 
unitary groups, the second containing one chelate group (indicated 
by two capitals) and one single atom or unitary group, and the third 
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‘containing two tridentate groups. Three single atoms or three 


unitary groups considered together can have only three variants, 
symbolised by aaa, aab, and abc. There can thus be no more 
than nine variants of one tridentate group with three unitary 
groups, and no more than nine variants of two tridentate groups. 
These two sets each of nine classes are shown in Table 1. As 
chelate groups can be of no more than two variants, symbolised by 


AA and AB, there can be no more than six variants of one tridentate 


group with one chelate group and one unitary group. These six 
classes are also shown in Table 1. The octahedral configuration 


‘containing tridentate groups can thus give rise to no more than 


three main types comprising 24 separate classes. 
The various possible isomeric forms of any one class are differen- 


tiated into cis- and trans-forms according to whether the tridentate 


group is attached to three adjacent points forming a triangle on 
an imaginary octahedron about the nuclear atom or to three points 
two of which are octahedrally polar. In the cvs-configuration the 
nuclear atom lies outside and in the frans-configuration within the 
plane containing the tridentate group. 

With one exception, every optically inactive form containing a 
tridentate group contains at least one plane of symmetry. The 
exception is in the case of the inactive cés-form of the combination 


_ABC ABC, which contains a centre of symmetry. This configuration 


is unique in that it is the sole inactive form of the 430 octahedral 
forms so far examined (75 with only unitary groups, 206 with chelate 
groups, and 149 with tridentate groups) which does not contain a 


plane of symmetry. 


The following tables relate only to complexes which contain 


one nuclear atom, but the correct number of isomerides even for 


binuclear cases may be simply deduced by aid of the tables. li a 
tridentate group, or the chelate group, or a unitary group contain a 
nuclear atom so that the group as a whole is asymmetric, 7.¢., not 
superposable on its mirror-image, every form shown in the tables 


_as optically inactive will be optically active and an enantiomorphous 


: 


form will be possible. The number representing the inactive forms 
is thus simply doubled and added to the number of active forms. 


_ Only one other special case need be considered. If in the combina- 


| 


tion ABC DEF, the tridentate groups are each asymmetric and in 
addition are mirror-images of one another, the number of possible 
optically active cis-forms will be reduced by two and one optically 
inactive form will take their place and will, like the inactive czs- 
combination ABC ABC, contain a centre of symmetry. 

To illustrate the use of the tables in the determination of the 
number of possible isomeric forms of uni-nuclear complexes con- 
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taining tridentate groups, the compounds containing triamino- 


propane may be taken. 


This tridentate group comprises three 


chelate groups, of which two are similar, and the symbol for the 
group is thus AAB. The compounds prepared contained two 
tridentate groups per metallic atom, and thus belong to type 3, 


TABLE I. 


Types and Classes of Octahedral Symmetry. 


One tridentate group and 


No chelate group. One chelate group. 


Class. Type l. Type 2. 
(i) AAA bbb AAA b CC 
(11) AAA bbe AAA b CD 
(iii) AAA bed AAB ec DD 
(iv) AAB ccc AAB c DE 
(v) AAB ccd ABC d EE 
(vi) AAB cde ABC d EF 
(vii) ABC ddd oo 

(Viil) ABC dde — 
(ix) ABC def — 

Tasye Il. 


Two 
tridentate 
groups. 
Type 3. 
AAA 
AAA 
AAA 
AAA 
AAB 
AAB 
AAB 
ABC 
ABC 


AAA 
BBB 
BBC 
BCD 
AAB 
CCD 
CDE 
ABC 
DEF 


Isomeric Forms of Type 1 with One Tridentate Group and 


No Chelate Group. 
Optically active. 


Classes of 


type 1. Trans. Total. 


Cis. Cis. 


| | | 


| v9 | 


1 
1 
1 
1 
4 
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2 
6 
8 
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Optically inactive. 


Trans. Total. 


ae He Oh OO be 
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Grand — 
Total. 
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Isomeric Forms of Type 2 with One Tridentate Group and 


One Chelate Group. 
Optically active. 


Optically inactive. 


Classes of 


type 2. Cis. Trans. Total. Cis. Trans. Total. 

(i) AAA b CC a — — 1 1 2 
(ii) AAA b CD 2 — 2 — 2 2 
(iii) AAB ec DD 2 — yA 1 1 2 
(iv) AAB c DE 6 — 6 —- 2 2 
(v) ABC d EE 6 2 8 — — a 
(vi) ABC d EF 12 4 16 a a _- 

Totals sia. .s 28 6 34 2 6. 8 


Grand | 
Total. 
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TaBie IV. 
Isomeric Forms of Type 3 with Two Tridentate Groups. 
Optically active. Optically inactive. 
Classes of 5 vite WaT: ape — ~ Grand 
type 3. Cis. Trans. Total. Cis.. Trans. Total. Total. 
(i) AAA AAA — — — 1 1 2 2 
(ii) AAA BBB — — 1 1 2 2 
(iii) AAA BBC — — — ] 1 2 2 
(iv) AAA BCD 2 — 2 — 1 1 3 
(v) AAB AAB 2 — 2 1 1 2 4 
(vi) AAB CCD 2 — 2 ] 1 .2 4 
(vii) AAB CDE 6 — 6 —- 1 1 i 
(viii) ABC ABC 10 2 12 1 — i 13 
(ix) ABC DEF 12 2 14 oe — — 14 
WOtals.....0.:2. 34 4 38 6 7 13 51 


class (v), AAB AAB. Reference to Table IV shows that this class 


represents four isomeric forms, two optically active (enantiomorph- 
ous, cis-forms, one inactive cis-form, and one inactive trans-form. 
Pope and Mann’s compounds may thus have been one or both of the 
inactive forms, the mixture (racemoid) of active forms, or a mixture 
of the racemoid forms with either or both of the inactive forms. 

The results of the examination of the types, classes, and isomeric 
forms of tetrahedral and octahedral complexes containing a group 
contributing four to the co-ordination number of a nuclear atom will 
be communicated later, conclusive evidence having been obtained 
in these laboratories of the existence of a quadridentate group 
in both octahedral and tetrahedral complexes. 


THE UNIVERSITY, EDGBASTON, 
BIRMINGHAM. [Received, May 12th, 1925.] 


CCXXVI.—The Action of Halogens wpon m- and 
p-Nitrobenzaldehydephenylhydrazones. 


By Freprerick DaNnreL Coatraway and ARTHUR JOHN WALKER. 


THE action of chlorine upon some arylhydrazones has been shown 
(Biilow, Ber., 1918, 54, 399) to result in the complete disruption of 


the hydrazone molecule and the formation of a diazonium chloride. 


This result might have been expected, since it had already been 
shown (Chattaway, J., 1908, 93, 852; 1909, 95, 958, 1065) that 
diazonium chlorides are produced quantitatively by the action of 
chlorine on arylhydrazines. 

The stable nature of the nitrobenzaldehydephenylhydrazones 
renders it possible to follow more closely the action of chlorine upon 
them, since no appreciable breaking down of the molecule takes 


place during chlorination at the ordinary temperature. 
3M 2 
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When chlorine is passed in excess into a fine suspension in chloro- 
form of m- or p-nitrobenzaldehydephenylhydrazone, the final 
product in each case is a tetra-substituted hydrazone, containing 
chlorine in the 2: 4: 6-positions of the hydrazine residue and also 
in the w-position of the aldehyde residue : 

C,H,Cl,-NH-N:CCL-C,H,-NO,. 

If the chlorination be effected slowly, at various stages compounds 
can be isolated, the constitutions of which show that substitution 
in the two parts of the hydrazone molecule follows a similar course 
to that taken when acetanilide and benzaldehyde, respectively, are 
chlorinated. ) 

Substitution in the w-position of the aldehyde residue probably 
occurs to some extent from the first, but becomes more and more 
predominant as halogen enters the hydrazine nucleus. The main 
course of the substitution may be represented as follows, compounds 
not actually isolated being written in brackets (R = C,H,*NO,) : 


~ NH-N:‘CHR)] NH-N:CHR NH-N:CCIR 
NE-N:CHR © Gi cou ie Si, 
fain NH-N-CHR 7 sek oe 
De a eau Ye eat q 

& J >| a Ck ‘ep 

Ld A one 


As might be expected, the situation of the nitro-group in the 
aldehyde residue somewhat affects the course of the reaction, the 
chlorine entering the w-position more easily when the nitro-group 
occupies the para-position. 

As in the chlorination of the acetarylamides, the chlorine probably 
first replaces the hydrogen of the imino-group, and becomes trans- 
ferred to the nucleus by a process of intramolecular rearrangement. 
These transformations must take place with great ease, for the pro- 
duct of the action of an excess of hypochlorous acid upon m-nitro- 
benzaldehydephenylhydrazone in the presence of potassium bicar- 
bonate gives all the reactions of a nitrogen chloride and is very 
probably a mixture of w-chloro-m-nitrobenzaldehydechloroimino-o- and 
-p-chlorophenylhydrazones, since on warming with hydrochloric acid 
it yields w-chloro-m-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. 

All the w-chloro-m- and -p-nitrobenzaldehydechloropheny]- 
hydrazones, when heated with sodium acetate and acetic acid, are 
converted quantitatively into «-acetyl-B-nitrobenzoylchlorophenyl- 
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hydrazines identical with the compounds obtained by acetylating 
the corresponding ee en €.g., 


C,H.Cl,,NH°N:CCL-C,H,: Tae cheng: Wain *NAc-NH-CO-C,H,NO,. 


The «-acetyl-6-nitrobenzoyl-p- and -2:4-dichlorophenylhydrazines, 
when heated with concentrated hydrochloric acid, are readily and 
completely hydrolysed into acetic acid, m- or p-nitrobenzoic acid, 


_ and the corresponding p- or 2 : 4-dichlorophenylhydrazine ; e.9., 
O,H,Cl,"NAc-NH-CO-C,H,-NO, “2S 


CH,-CO,H + C,H,Cl,,NH-NH, + NO,C,H,CO,H. 


Under similar conditions the corresponding «-acetyl-m- or -p- 


_nitrobenzoyl-2 : 4 : 6-trichlorophenylhydrazine is not hydrolysed 
completely as might be expected, but yields m- or p-nitrobenzoic 


acid, and «-acetyl-2 : 4 : 6-trichlorophenylhydrazine, which is not 
easily broken down further; ¢.g., 
C,H,Cl,-NAc:NH-CO-C,H,:NO, #2 
C,H,Cl,,NAc-NH, + NO,°C,H,°CO,H. 

It seems probable that the firm attachment of the acetyl group 
in these compounds is to be attributed to the steric effect of the two 
o-substituted halogen atoms. 

All -chloro-m- and -p-nitrobenzaldehydephenylhydrazones react 
with ammonia, forming hydrazidines by the replacement of the 
w-Chlorine atom by the amino-group; e¢.g., 


C,H,Cl,-NH-N:CCI-C,H,NO, ““2 C,H,Cl,-NH-N:C(NH,)-C,H,-NO,. 


These are yellow or deep red capes compounds which all form 
colourless, well-crystallised hydrochlorides. 
The action of bromine is similar to that of chlorine, although less 


energetic, direct substitution only leading to the introduction of 


} 
i 
? 


two halogen atoms into the hydrazine residue, thus : 
NH-N°:CH-C,H,-NO, NH-N:CBr-C,H,-NO, NH-N:CBr-C,H,'NO,. 


/ wi bats 
q rl ek gi > L | 
Wg id if 
Br Br 


o-Bromo-m- and -p-nitrobenzaldehyde-2 : 4 : 6-iribromophenylhydr- 
azones are, however, easily obtained by the direct bromination 


of m- and p-nitrobenzaldehyde-?2 : 4 : 6-tribromophenylhydrazones. 


The behaviour of the w-bromo-m- and -p-nitrobenzaldehyde-_ 
bromophenylhydrazones towards acetic acid and sodium acetate, 
and of the «-acetyl-§-nitrobenzoylbromophenylhydrazines towards 
hydrochloric acid, is exactly like that of the corresponding chloro- 
compounds. 


1690 OCHATTAWAY AND WALKER: THE ACTION OF HALOGENS 


The direct chlorination or bromination of any of the m- or p-nitro- 
benzaldehyde halogen-substituted phenylhydrazones naturally 
leads to the formation of an w-substituted derivative; ¢.g., 


C,H,Cl‘NH-N:CH-C,H,-NO, 2% C,H,Cl-NH-N:CBr-C,H,NO,. 
The w-bromo-m- and -p-nitrobenzaldehydebromophenylhydrazones 


react with ammonia, forming hydrazidines, which are mostly deep 
red, basic compounds, which yield colourless salts. 


HXPERIMENTAL. 
Action of Chlorine upon m-Nitrobenzal.ichydephenylhydrazone. 


Unless effected cautiously, chlorination of m-nitrobenzaldehyde- 
phenylhydrazone resulted only in the separation of the final product, 
w-chloro-m-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone. When 
carried out slowly, at intermediate stages m-nitrobenzaldehyde- 
2 : 4-dichlorophenylhydrazone and w-chloro-m-nitrobenzaldehyde-2 : 4- 
dichlorophenylhydrazone separated from the solution. A smaller 
quantity of w-chloro-m-nitrobenzaldehyde-p-chlorophenylhydrazone 
was also obtained. 

w - Chloro - m - nitrobenzaldehyde - 2 : 4: 6 - trichlorophenylhydrazone, 
C,H,Cl,,NH-N:CCl-‘C,H,°-NO,. Chlorine was passed to saturation 
into a cooled suspension of 5 g. of m-nitrobenzaldehydephenyl- 
hydrazone in 30 c.c. of chloroform, the dark solution which was first 
formed finally lightening in colour, and depositing the w-chloro-m- 
nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone as a grey, crystal- 
line mass. This separated from acetic acid, in which it was only 
moderately soluble, in fine, colourless, hair-like needles, m. p. 157° 
(yield 5 g.) (Found: Cl, 37-6. C,,H,O,N,Cl, requires Cl, 37-4%). 

The same compound separated when chlorine was passed into a 
suspension of m-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone 
in chloroform. A small quantity of the substance, when boiled with 
an alkaline solution of potassium permanganate, yielded m-nitro- 
benzoic acid, m. p. 140°, thus showing the absence of halogen in the 
aldehyde nucleus. 

Isolation of m-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone and 
w-chloro-m-nitrobenzaldehyde-p-chlorophenylhydrazone, 

C,H,Cl,,NH-N:CH:C,H,'NO, and C,H,Cl-NH-N:CCl-C,H,"NO,. 
Chlorine was cautiously passed into a suspension of m-nitrobenzalde- 
hydephenylhydrazone (5 g.) in chloroform (80 c.c.) until the solution 
formed darkened and set to a solid brown mass, probably containing 
unstable compounds of the hydrazones with hydrogen chloride. 
On the addition of an equal volume of alcohol, it changed to a clean 
yellow, crystalline mass of m-nitrobenzaldehyde-2 : 4-dichloro- 
phenylhydrazone, m. p. 211° after recrystallisation from aceti¢ 


y 
| 
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acid. The chloroform and alcohol mother-liquor slowly deposited 
erystals containing w-chloro-m-nitrobenzaldehyde-p-chlorophenyl- 
_hydrazone. After two recrystallisations from acetic acid this melted 


at 130°, but since further purification in this way was difficult, 
it was dissolved in boiling alcohol, a few c.c. of concentrated ammonia 


| solution were added, the solution was acidified with concentrated 
hydrochloric acid, diluted with hot water, filtered, and made alkaline 


with ammonia; the m-nitrobenzaldehyde-p-chlorophenylhydrazid- 
ine which separated crystallised from alcohol in deep red needles, 


-m. p. 150°, identical with the hydrazidine obtained from w-bromo- 
-m-nitrobenzaldehyde-p-chlorophenylhydrazone (p. 1694). 


Isolation of w-chloro-m-nitrobenzaldehyde-2 : 4-dichlorophenyl- 
hydrazone, C,H,Cl,,NH-N:CCL-C,H,-NO,. In another experiment, 


the passage of chlorine was cautiously continued until the brown 
precipitate containing m-nitrobenzaldehyde-2 : 4-dichloropheny]l- 


hydrazone (above) just redissolved. The solution on standing, or 
on the addition of an equal volume of alcohol, yielded pale yellow 
erystals of w-chloro-m-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. 
This crystallised from acetic acid, in which it was moderately soluble, 
in long, pale yellow needles, m. p. 158° (yield 4 g.) (Found: Cl, 
31:0. C,,H,O,N,Cl, requires Cl, 30-9%). 

‘The constitution of the compound was confirmed as follows : 
A mixture of 2 g. of §-m-nitrobenzoyl-2 : 4-dichlorophenylhydrazine 
and 3 g. (2 mols.) of phosphorus pentachloride was maintained for a 


few minutes at 190°, and the cooled product treated with water and 
extracted with ether. To the residue after evaporation were added 


a few c.c. of alcohol; the yellow solid which separated, m. p. 158° 
after recrystallisation from acetic acid, was identical with the 


chlorination product described above. 


Action of Chlorine upon p-Nitrobenzaldehydephenylhydrazone. 
w-Chloro-p-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone. <A 


cooled suspension of 5 g. of p-nitrobenzaldehydephenylhydrazone in 


100 ¢.c. of chloroform was saturated with chlorine. The crystalline 


-wnass) «of = w-chloro-p-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydr- 


azone obtained separated from acetic acid, in which it was sparingly 
soluble, in fine, pale yellow needles, m. p. 164° (yield 6 g.) (Found : 
Cl, 37-5. C,,.H,O,N,Cl, requires Cl, 37-4°%). 

The same compound was obtained by the chlorination under 
similar conditions of -nitrobenzaldehyde-2 : 4 : 6-trichlorophenyl- 
hydrazone. : 

When boiled with an alkaline solution of potassium permanganate, 
it yielded p-nitrobenzoic acid, m. p. 238°. 

Isolation of intermediate products in the chlorination of p-nitro- 


x | 
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benzaldehydephenylhydrazone. These products can be obtained wit) 
much greater ease than the analogous compounds formed in th 
chlorination of m-nitrobenzaldehydephenylhydrazone, the maiz 
products, w-chloro-p-nitrobenzaldehyde-p-chlorophenylhydrazone anc 
w-chloro-p-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone, separating 
in good quantity at different stages of the reaction. | 

w-Chloro-p-mtrobenzaldehyde-p-chlorophenylhydrazone. Chlorin« 
was cautiously passed into a fine suspension in chloroform (5 g. ir 
100 c.c.) of p-nitrobenzaldehydephenylhydrazone, until the rec 
solution first formed just became brown. Orange crystal 
of w-chloro-p-nitrobenzaldehyde-p-chlorophenylhydrazone separated 
slowly, and a further quantity on addition of alcohol. It crystallisec 
from acetic acid, in which it was moderately soluble, in orange needles 
m. p. 213° (yield 3 g.) (Found: Cl, 23-0. C,,H,O,N.,Cl, require; 
Cl, 22:99). The same compound separated when p-nitrobenzalde. 
hyde-p-chlorophenylhydrazone was similarly chlorinated. On boil. 
ing with alkaline permanganate solution, it yielded p-nitrobenzoi 
acid, m. p. 238°. 

w-Chloro-p-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. The 
cautious passage of chlorine was continued beyond the stage 
described above, until the orange crystals of w-chloro-p-nitro. 
benzaldehyde-p-chlorophenylhydrazone just redissolved. The 
solution almost immediately set to a mass of bright yellow crystals 
of w-chloro-p-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone. This 
crystallised from acetic acid, in which it was sparingly soluble, in 
long, bright yellow, hair-like needles, m. p. 199° (yield 6 g.) (Found 
Cl, 31-2. C,,H,O,N,Cl, requires Cl, 30-99). 

The same Band separated when p-nitrobenzaldehyde. 
2 : 4-dichlorophenylhydrazone was similarly chlorinated. | 

Conversion of w-Chlorohydrazones into a-Acetyl-8-nitrobenzoyl- 
phenylhydrazines.—When the w-chloro-m- and -p-nitrobenzaldehyde- 
chiorophenylhydrazones are boiled for 2 hours with an excess of 
anhydrous sodium acetate and acetic acid, they are quantitatively 
converted into the corresponding «-acetyl-8-nitrobenzoylchloro- 
phenylhydrazines, which separate as solids when the acetic acid 
solutions are poured into water. They are best recrystallised from 
alcohol, in which the p-chloro-derivatives are easily soluble and 
the di- and tri-chloro-derivatives moderately easily soluble. These 
a-acetyl-B-nitrobenzoylchlorophenylhydrazines are readily hydro- 
lysed when heated with a mixture of alcohol and hydrochloric 
acid, yielding ethyl acetate, the corresponding nitrobenzoic acid, 
and the hydrochloride of the corresponding hydrazine, a procedure 
which provides the easiest method of determining their constituaiiS | 
and consequently that of the original w-chlorohydrazones. 


UPON m- AND p-NITROBENZALDEHYDEPHENYLHYDRAZONES. 1693 


a-Acetyl-B-m-nitrobenzoyl-2 : 4-dichlorophenylhydrazine, 
C,H,Cl,-NAc-NH-CO-C,H,°NO,, 
was obtained as described above from w-chloro-m-nitrobenzaldehyde- 
2: 4-dichlorophenylhydrazone, and also directly from (-m-nitro- 
benzoyl-2 : 4-dichlorophenylhydrazine by boiling for a few minutes 
with acetyl chloride. It forms colourless plates, m. p. 155—156° 
(Found: Cl, 19-3. C,,H,,0,N,CL, requires Cl, 19-3%). 

The substance (1 g.) was boiled for 3 hours with 50 c.c. of alcohol 
amd 20 c.c. of hydrochloric acid. The crystals of 2 : 4-dichloro- 
phenylhydrazine hydrochloride that separated on cooling were 
identified by conversion into o-nitrobenzaldehyde-2 : 4-dichloro- 
ohenylhydrazone, m. p. 192-5°. The mother-liquor was neutralised 
and alcohol and ethyl acetate were distilled off. On acidifying the 
residue and cooling, crystals of m-nitrobenzoic acid, m. p. 140°, 
separated. 

a-Acetyl--p-nitrobenzoyl-p-chlorophenylhydrazine, obtained simi- 
larly, forms long prisms:‘with domed ends, m. p. 167° (Found: Cl, 10-7. 
0,5H,.0,N,Cl requires Cl, 10-694). When boiled with alcohol and 
hydrochloric acid it yielded acetic acid, p-nitrobenzoic acid, and 
p-chlorophenylhydrazine. 

_ «-Acetyl-8-p-nitrobenzoyl-2 : 4-dichlorophenylhydrazine crystallises 
in long, colourless, six-sided plates, m. p. 158° (Found: Cl, 19-4. 
C,;H,,0,N.,Cl, requires Cl, 19-394). When boiled with a mixture 
at hydrochloric acid and alcohol it yielded acetic acid, p-nitrobenzoic 
acid, and 2 : 4-dichlorophenylhydrazine. 
_ «-Acetyl-8-m-nitrobenzoyl-2 : 4 : 6-trichlorophenylhydrazine was pre- 
pared as described above from w-chloro-m-nitrobenzaldehyde-2 : 4 : 6- 
trichlorophenylhydrazone, and also directly from 8-m-nitrobenzoyl- 
2:4:6-trichlorophenylhydrazine by boiling for a few minutes with 
acetyl chloride. It crystallises in small, colourless prisms, m. p. 143° 
(Found: Cl, 26-3. C,;H,,0,N;Cl, requires Cl, 26-4%). 
_ Hydrolysis of «-Acetyl-8-m-nitrobenzoyl-2 : 4 : 6-trichlorophenyl- 
hydrazine to m-Nitrobenzoic Acid and «-Acetyl-2 : 4 : 6-trichloro- 
vhenylhydrazine.—«. - Acetyl - 8 - m - nitrobenzoyl - 2: 4 : 6 - trichloro- 
ohenylhydrazine (4 g.) was boiled for 3 hours with 30 c.c. of alcohol 
and 20 ¢.c. of hydrochloric acid. On making alkaline with sodium 
sarbonate and diluting with water, a colourless, oily liquid separated, 
which was removed. From the aqueous layer, on acidification, 
n-nitrobenzoic acid crystallised. The oily liquid did not crystallise 
ilone or in contact with solvents. To its solution in warm alcohol 
n-nitrobenzaldehyde (2 parts) was added; on cooling, acetyl-m- 
utrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone, 
C,H,Cl,-NAc*-N:CH:-C,H,-NO,, 
separated in colourless, rectangular plates, m. p. 204°, identical with 
3 M* 
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the substance obtained by the acetylation of m-nitrobenzaldehyde. 
2:4: 6-trichlorophenylhydrazone. The yield was 70%, and ‘the! 
original oily liquid from the hydrolysis must therefore have been 
mainly «-acetyl-2 : 4: 6-trichlorophenylhydrazine, C,H,Cl,;NAc ‘NH,. 
a-A cetyl-B-p-nitrobenzoyl-2 : 4 : 6-trichlor opliena aie. was pre- 
pared as above from w-chloro-p-nitrobenzaldehyde-2 : 4 : 6-trichloro- 
phenylhydrazone, and also directly by boiling p-nitrobenzoyl- 
2:4: 6-trichlorophenylhydrazine for a few minutes with acetyl 
chloride. It forms flat, colourless needles, m. p. 121° (decomp.) 
(Found : Cl, 26-4. C,,;H,)0,N,Cl, requires Cl, 26-59%). When boiled 
_ with hydrochloric acid and alcohol, it behaves like the correspond- 
ing m-nitrobenzoyl derivative, yielding «-acetyl-2 : 4 : 6-trichloro- 
phenylhydrazine as a colourless oil, and p-nitrobenzoic acid. 
Conversion of w-Chlorohydrazones into Hydrazidines.—In each case 
the w-chloro-compound was boiled with alcohol and a slight excess of 
concentrated aqueous ammonia until the original solid had com- 
pletely dissolved. The hydrazidine formed separated either during 
the reaction or on subsequent cooling. These hydrazidines are 
strongly coloured compounds which combine with hydrochloric acid 
(1 mol.) to form colourless salts that crystallise well when solutions 
of the bases in hot dilute hydrochloric acid are allowed to cool. 
m-Nitrobenzaldehyde-p-chlorophenylhydrazidine, 
C,H,Cl-NH-N:C(NH,):C,H,"NO,, 
is very soluble in alcohol, from which it separates in deep red 
needles, m. p. 150° (Found: Cl, 12:3. C,,H,,0,N,Cl requires 
Cl, 12-294). 
m-Nitrobenzaldehyde-2 : 4-dichlorophenylhydrazidine, 
C,H,Cl,-NH°N:C(NH,)-C,H,-NO,, 
crystallises from alcohol, in which it is moderately easily soluble, 
in thin, irregular, orange plates, m. p. 154° (Found: Cl, 21-9. 
C,,H,)0,N,Cl, requires Cl, 21-75%). The hydrochloride is easily 
soluble in alcohol, less easily soluble in water. It separates from 
a mixture of these solvents in clusters of colourless needles, m. p. 
220° (decomp.). 
m-Nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazidine is sparingly 
soluble in alcohol, separating in fine, yellow leaflets, m. p. 194°: 
(Found: Cl, 29:9. C,,H,O,N,Cl, requires Cl, 29-6%). The 
hydrochloride forms colourless plates, m. p. 230° (decomp.), sparingly 
soluble in water and more soluble in alcohol... 
p-Nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazidine crystallises 
from alcohol, in which it is moderately easily soluble, in dark red 
needles, m. p. 157° (Found : Cl, 29-8%). The hydrochloride, which 
is sparingly soluble in water, forms colourless, compact prisms, 
m. p. 260° (decomp.). 
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Action of Bromine upon m- and p-Nitrobenzaldehydephenyl- 
hydrazones.—The bromination of the nitrobenzaldehydepheny]- 
nydrazones was studied by Ciusa and Vecchiotti (Gazzetta, 1916, 46, 
|, 240), who obtained the final products and, in the case of the m- and 
p-nitrobenzaldehydehydrazones, correctly regarded them as o- 
promonitrobenzaldehyde-2 : 4-dibromophenylhydrazones. They did 
not isolate the intermediate w-bromonitrobenzaldehyde-p-bromo- 
pbhenylhydrazones. 
_w-Bromo-m-nitrobenzaldehyde-p-bromophenylhydrazone, 

C,H,Br-NH-N:CBr-C, H,-NO,. 

To a suspension of 5 g. (1 mol.) of m-nitrobenzaldehydephenyl- 
hydrazone in 100 c.c. of acetic acid was added a solution of 6 g. of 
bromine (slightly less than 2 mols.) in acetic acid. As the hydrazone 
dissolved, a yellow precipitate of the dibromo-compound separated, 
which crystallised from acetic acid, in which it was moderately easily 
soluble, in glistening, yellow plates, m. p. 146-5° (yield 6 g.). The 
use of less bromine caused the separation of the same compound 
in smaller amount, whilst the use of exactly 2 mols. of bromine led 
to the formation of small quantities of the tribromo-compound 
(Found : Br, 40-3. C,,H,O,N,Br, requires Br, 40-1%). The same 
compound was also obtained by similarly brominating m-nitro- 
penzaldehyde-p-bromophenylhydrazone. 

w-Bromo-m-nitrobenzaldehyde-2 : 4-dibromophenylhydrazone. In a 
second experiment a larger quantity of bromine, 10 g. (3 mols.), was 
added, the w-bromo-m-nitrobenzaldehyde-2 : 4-dibromophenyl- 
hydrazone finally separating as a thick, crystalline mass. It 
erystallised from acetic acid in bright yellow needles, m. p. 179° 
(yield 7 2.) (Found: Br, 50-4°%%). The same compound was obtained 
by similarly brominating m-nitrobenzaldehyde-2 : 4-dibromo- 
phenylhydrazone. When boiled with alkaline permanganate solu- 
tion, it yielded mi-nitrobenzoic acid, m. p. 140°. 

The following w-bromo-hydrazones were similarly prepared by the 
addition of bromine (1 mol.) to a suspension of the appropriate 
m-nitrobenzaldehydephenylhydrazone : 

o - Bromo - m - nitrobenzaldehyde - 2 : 4 : 6 - tribromophenylhydrazone 
erystallises in long, colourless, hair-like needles, m. p. 173°, sparingly 
soluble in acetic acid and alcohol (Found: Br, 57-7. C,,H,O,N;Br, 
requires Br, 57-5%). | 

o-Bromo-m-nitrobenzaldehyde-p-chlorophenylhydrazone crystallises 
from acetic acid, in which it is moderately easily soluble, in bright 
yellow, rectangular plates, m. p. 133° (Found: Cl-+ Br, 32-6. 
Ci3H,O,N.CI1Br requires Cl + Br, 32-6%). 

o-Bromo-p-nitrobenzaldehyde-p-bromophenylhydrazone, 
C,H,Br-NH-N:CBr-C, HNO, 
3 M* 2 
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was prepared by the two methods described in the case of the isomeric 
m-nitro-derivative. It crystallises from acetic acid, in which it is 
moderately easily soluble, in light orange leaflets, m. p. 224° (Found ; 
Br, 40-0%). | 

wo-Bromo-p-nitrobenzaldehyde-2 : 4- dibromophenylhydrazone sep- 
arated when a solution of bromine (10 g.; 3 mols.) was added to a 
suspension in acetic acid of 5 g. of p-nitrobenzaldehydephenyl. 
hydrazone (1 mol.), or when bromine (1 mol.) was added to p-nitro- 
benzaldehyde-2 : 4-dibromophenylhydrazone (1 mol.). It crystal- 
lises from acetic acid, in which it is sparingly soluble, in long, deep 
yellow needles, m. p. 214° (Found: Br, 50:2. C,,H,O,N,Bre 
requires Br, 50-294). When boiled with alkaline permanganate, 
the compound yielded p-nitrobenzoic acid, m. p. 238°. 

By boiling the w-bromohydrazones with sodium acetate in acetic 
acid «-acetyl-6-nitrobenzoylbromophenylhydrazines were obtained. 
These were recrystallised from alcohol, in which the monobromo- 
derivatives are more easily soluble than the dibromo-derivatives. 

a-A cetyl-B-m-nitrobenzoyl-p-bromophenylhydrazine, 

C,H,Br-NAc*-NH-CO'C,H,-NO,, ; 
was obtained a w- Eb roto! m- nifrobenzaldehyaieae bromophenyl. 
hydrazone as a colourless, amorphous solid which could not be made 
to crystallise. When boiled in alcohol with hydrochloric acid, it 
yielded acetic acid, p-bromophenylhydrazine, and m-nitrobenzoi¢e 
acid. 

a-Acetyl -8-m -nitrobenzoyl -2:4-dibromophenylhydrazine was 
obtained from w-bromo-m-nitrobenzaldehyde-2 : 4-dibromophenyl- 
hydrazone, and also from 8-m-nitrobenzoyl-2 : 4-dibromophenyl- 
hydrazine, by boiling with acetyl chloride. It forms colourless, 
compact prisms, m. p. 169° (Found: Br, 35-1. C,,;H,,0,N,Br, 
requires Br, 35-0°4). When boiled with alcohol and hydrochloric 
acid, it yielded acetic acid, 2: 4-dibromophenylhydrazine, and 
m-nitrobenzoic acid. 

a-Acetyl-8-m-nitrobenzoyl-2 : 4 : 6-tribromophenylhydrazine  cryst- 
allises from acetic acid, in which it is moderately easily soluble, in 
fine, colourless prisms, m. p. 180° (Found : Br, 44:7. C,;H,,0,N,Brs 
requires Br, 448°). On boiling for 3 hours with hydrochloric 
acid and alcohol, it yielded m-nitrobenzoic acid and a colourless, 
oily liquid. This formed a crystalline hydrazone (m. p. 230°) 
with m-nitrobenzaldehyde, identical with acetyl-m-nitrobenzalde- 
hyde-2 : 4: 6-tribromophenylhydrazone, ; 

C,H,Br,-NAc’-N:CH-C,H,"NO,, 
obtained by the acetylation of m-nitrobenzaldehyde-2 : 4: 6- 
tribromophenylhydrazone. The original oily liquid must therefore 
have been «-acetyl-2 : 4 : 6-tribromophenylhydrazine. 
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a-Acetyl-B-p-nitrobenzoyl-p-bromophenylhydrazine crystallises in 
colourless prisms, m. p. 169—170° (Found : Br, 21-25. C,;H,,.0,N,Br 
requires Br, 21-2). When boiled with alcohol and hydrochloric 
acid, it yielded acetic acid, p-nitrobenzoic acid, and p-bromopheny]l- 
hydrazine. 

a-Acetyl-B-p-nitrobenzoyl-2 : 4-dibromophenylhydrazine forms stout, 
colourless octahedral crystals, m. p. 201—202° (Found: Br, 35-2. 
©,;H,,0,N;Br. requires Br, 35-0°%). When boiled with hydro- 
chloric acid and alcohol, it yielded acetic acid, p-nitrobenzoic acid, 
and 2:4-dibromophenylhydrazine. The same compound was 
prepared by boiling 8-p-nitrobenzoyl-2 : 4-dibromophenylhydrazine 
with acetyl chloride for a few minutes. 

The following hydrazidines were prepared from the corresponding 
w-bromohydrazones by warming them with alcoholic ammonia. 

_m-Nitrobenzaldehyde-p-bromophenylhydrazdine, 
C,H,Br-NH-N:C(NH,)-C,H,-NO,, 
separates from alcohol, in which it is moderately easily soluble, in 
fine, dark red plates, m. p. 145° (decomp.). The hydrochloride 
erystallises in colourless plates, m. p. 200° (decomp.). 
m-Nitrobenzaldehyde-2 : 4-dibromophenylhydrazidine separates 
from alcohol, in which it is very sparingly soluble, in small, dark 
ted plates, m. p. 182° (decomp.) (Found: Br, 38-8. C,,H,,O,N,Br, 
requires Br, 38-6%%). The hydrochloride forms colourless leaflets, 
m. p. 225° (decomp.). 

p-Nitrobenzaldehyde-p-bromophenylhydrazidine crystallises from 

alcohol, in which it is moderately easily soluble, in almost black 
needles, m. p. 155° (decomp.) (Found: Br, 24-0. C,,H,,0,N,Br 
requires Br, 23-9%). Its Aydrochloride crystallises in colourless 
plates, m. p. 210° (decomp.). 
_ p-Nitrobenzaldehyde-2 : 4-dibromophenylhydrazdine crystallises 
from alcohol, in which it is moderately easily soluble, in dark bronze- 
red needles, m. p. 175° (Found : Br, 38-7. C,,H,)O,N,Br, requires 
Br, 38-6%). The hydrochloride forms colourless, compact, rhombic 
plates, m. p. 200° (decomp.). 

The following is a brief description of the hydrazones and 
hydrazines employed in confirming the structure of the «-acetyl- 
phenylhydrazines : 

Acetyl-m-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone, pre- 
pared by boiling m-nitrobenzaldehyde-2 : 4 : 6-trichlorophenyl- 
hydrazone for a short time with acetic anhydride, separates from 
alcohol, in which it is moderately easily soluble, in colourless, 
rectangular plates, m. p. 204° (Found: Cl, 27-4. C,;H,)03N,Ci, 
requires Cl, 27-5%,). 

Acetyl-m-nitrobenzaldehyde-2 : 4 : 6-tribromophenylhydrazone, pre- 
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pared in a similar manner, crystallises from acetic acid, in which it 
is moderately easily soluble, in thick, colourless tablets, m. p. 230° 
(Found : Br, 46:0. C,;H,,03;N;Br, requires Br, 46-1%%). 

The following nitrobenzoylphenylhydrazines, prepared directly 
by the Schotten-Baumann method, were all crystallised from 
alcohol, in which they are moderately easily soluble. 

B-m- N itrobenzoyl-2 : 4 : 6-trichlorophenylhydrazine ; long, six-cidial 
needles, m. p. 205° isle : Cl; 29:6.0 CBO LN GT nis | 
Cl, 29-5%). 

8-p-Nitrobenzoyl-2 : 4 : 6-trichlorophenylhydrazime ; stout, colown| 
less plates, m. p. 203° (Found: Cl, 29-7. C,,H,O,N,Cl, requires 
Cl, 29:5%). 

8-m-Nitrobenzoyl-2 : 4-dichlorophenylhydrazine ; elongated, colour: 
less plates, m. p. 196°. | 

8-m-Nitrobenzoyl-2 : 4-dibromophenylhydrazine ; colourless needles, 
m. p. 210° (Found: Br, 38-8. C,;H,O,N,Brs requires Br, 38-5%). 

8-p-Nitrobenzoyl-2 : 4-dibromophenylhydrazine ; pale = yellow 
needles, m. p. 227°. 
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CCXXVII.—The Tautomerism of Dyads. Part IV. 
New Evidence of the Tautomeric Mobility of Oximes. 


By JoHN PREEDY GRIFFITHS and CHRISTOPHER KeELK INGOLD. 


THE purpose of this paper is to place dyad migration in oximes 
on a secure experimental basis such as has been provided in the’ 
cases of hydrogen cyanide, acetylene, and some monosubstitution 
products of the latter (E. H. Ingold, J., 1922, 121, 1604; 1924, 
125, 1528; this vol., p. 1199), and to emphasise the suggestion, 
already made or foreshadowed by others (notably Brady and Dunn, 
J., 1916, 109, 659; 1924, 125, 291) that tautomerism of the dyad 
type, alate on the stereochemical theory of Hantzsch and 
Werner, constitutes the explanation of the isomerism and reactions 
of oximes. 


[HIGN — = C:NH (HICIG —= CiOPH] 
(L.) [HINIO == N-O[H] dh) 1) 7) ee 


Whilst the retention of Hantzsch and Werner’s stereochemical 
hypothesis is, for strong reasons, necessary to explain the isomerism 
of the oximes themselves, a structural addition to the theory is 
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just as imperatively required to account for their ethers (Ann. 
Report, 1924, p. 111). 


az) B®¢R’ R-C-R’ (IV.) 
Alk-N:O N:OAIk. 
(N-Ethers: syn- and anti-forms.) (O-Ethers: syn- and anti-forms.) 


Formula (IV) for the O-ethers has long been generally approved, 
and, in view of evidence recently accumulated,* and of analogy 
with azoxy- and aliphatic diazo-compounds, no apology is necessary 
for using the “nitrone’’ formula (III), rather than the older 
isooxime formula RE Seam for the N-ethers.7 

The study of tautomerism in numerous other cases has shown 
that the isolation of isomeric alkyl derivatives may be taken as an 
indication of the possibility of tautomeric interchange between 
parent hydrogen compounds of corresponding constitution. If, 
therefore, the structures given to the oxime-ethers (III) and (IV) 
be accepted, a prima facie case in favour of tautomerism of the 
dyad type between corresponding parent forms (I and II) is estab- 
lished (equation A).{ 

Physical methods, which have the advantage of avoiding all the 
unknown disturbances attending the use of a chemical reagent, 
were applied to the problem; but, probably owing to the mobility 
of the oxime system, success was not achieved. Another method 


* Thus towards diphenylketen, an almost universal reagent for double 
linkings, both the double bonds act separately (Staudinger and Miescher, 
Helv. Chim. Acta, 1919, 2, 554) : 


_ OPh, CO CPh, 
alt eA ee A\N7\ 
>C:N:0 —> ee > OPh, va Se 

= 


Many other examples might be given. Sugden’s work (this vol., p. 1177) 
supplies strong confirmation from the physical side. 

7 If the nitrone structure be adopted, the existence of syn- and anti-N- 
ethers does not require an ad hoc extension of the Hantzsch-Werner hypo- 
thesis : it follows automatically from the optical resolution of amine-oxides, 
R,R,R,N:0, just as the geometrical isomerism of ethylenes follows from the 
optical activity of methanes of the type R,R,R,R,C. 

t It is not intended to preclude the intervention of the ring-form 
>C—NR . , aly : : 

\,/. in certain decompositions, and, as an intermediate, in a few 
methods of formation of N-ethers and of oximes. Similarly, one cannot 
dismiss the nitroso-isomeride >CH-N:0, which often constitutes an inter- 
mediate stage in reactions leading to oximes. All the available evidence 
shows, however, that these structures represent comparatively unstable 
oxime-forms, and may be looked upon as constituting minor ramifications of 
the tautomeric system, the main reversible reaction in which is, as_will be 
shown, that represented by equation A. . 
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of investigation was therefore sought, which, whilst still avoiding 
so far as possible, the complications arising from the use o 
reagents, would clearly and certainly distinguish between the tw: 
expected forms and detect any equilibrium between them. 

The object in view was ultimately attained by utilising th 
special properties of phthalaldehydemonoxime. This substance 
ordinarily represented by (V), contains all the essential feature, 
which give ring-chain tautomeric character to a sugar, th 
residues -CH:O and -OH being present in such relative position 
that they can interact with the formation of an “ oxide” rim 
and a “‘ glucoside-yielding ’’ hydroxyl group. If, therefore, thi 
structure -CH:NOH, present in (V), be really one of the tauto 
meric forms of the oxime group, we should expect, just as in th 
case of a sugar, to be able to crystallise the cyclic tautomeric forn 
(VI). This individual, moreover, although a tautomeric substance 
should be sufficiently well differentiated chemically from any othe 
possible isomeride as to leave no doubt about its constitution, anc 
therefore none about the particular oxime structure from whiel 
it is derived. 

On the other hand, if an isomeride of the constitution (VIL 
should also be present in any considerable quantity, the fact shoule 
be rendered evident by the tendency, possessed by this individua. 
also, to pass into, and crystallise in the form of, its ring tautomeride 
(VIII). This structure, based on the isoindole ring system, alsc 
is strikingly differentiated from any other possible isomeride : 


A if ous NOFH] |) uae) GON 
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(dyad | | change) 


(VII.) OR N(HJO . Neo (VIII) 


Le 
CH-O[H] 


Thus the chemical differences to be expected from the simple 
dyad change (V) == (VII) become magnified by the production, 
through ring closure, of the more distinctive structures (V1) and 
(VIII). At the same time, the mobile dyad equilibrium becomes 
partly “ set ’’ through association with the slower ring-chain changes. 
These are just the conditions which are required to render the dyad 
change open to experimental confirmation. 

All these theoretical anticipations have been realised expel 
mentally. 


4q 
? " f 
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The ring form (VI), which was isolated in the crystalline condition, 
exhibited clear evidence of its constitution and of its structural 
analogy with the reducing sugars; it showed the usual aldehydic 
reactions (of the open-chain form V), yielding, for instance, the 
semicarbazone (IX), and also united readily with methyl alcohol, 
giving a methyl derivative devoid of aldehydic properties. This 
must therefore be derived from (VI) by the replacement of the 
bracketed hydrogen atom, and all its reactions, for instance, the 
ease with which it is hydrolysed back to the parent substance by 
a small quantity of mineral acid, emphasise its resemblance to a 
glucoside and leave no doubt as to the correctness of formula (X). 


CH 
CEES cos Se: 
RA iN ik STAN 

CH-O-CH, 
(IX; derivative of V.) (X; derivative of VI.) 


It is clear, therefore, that in solutions of the substance under 
discussion we have the ring-chain tautomeric system (V) == (VI). 

A closer study proved, moreover, that the principal phase in 
solution, as well as the solid substance itself, is represented by the 
ring-formula (VI). Thus, in contrast to the completeness and 
rapidity with which the “glucosidic’’ methyl derivative (X) is | 
formed from freshly-prepared solutions of the parent, the aldehydic 
reactions of the latter, e.g., the formation of the semicarbazone (IX), 
are noticeably sluggish : a solution of (VI), treated after some time 
with semicarbazide acetate, deposits a small quantity of the semi- 
carbazone, but the complete precipitation of this substance requires 
a considerable period; and if a freshly-prepared solution of (VI) 
is used, no initial deposition is observed. It is noteworthy also 
that, although the main product of the oxidation of (VI) by cold 
neutral permanganate is o-carboxybenzaldoxime anhydride (XII), 
evidently derived directly from the ring compound, a small amount 
of the oxime-acid (XI), the normal product of oxidation of (V), 
is formed simultaneously. Observations of this kind make it 
quite evident that, as with sugars, the ring phase is the more 
stable one. 


CH 
\CH:NOH f\/\N 
( Jo roa Yas 
oH WON 
(XI; by-product.) (XII; main product.) 


' Evidence of the existence of a second oxime structure (VII) wag 
obtained by the isolation of a second ring-compound (VIII), which 


= 
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resembled the first in certain respects (for instance, in the absenc 
from its methylation product of all aldehydic properties), but 
differed markedly from it in others. The key to its constitutior 
was found in the fact that on reduction it gave phthalimidine (XIII), 
thus revealing the presence of the heterocyclic nucleus on whieh 
the anticipated formula (VIII) is based. 


CH, CO 
TAS aha 7 

(RTL) yi Pte NE [oc NS 
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On oxidation ao (XIV) was obtained. 

Closer examination showed, however, that the substance is nk 
adequately represented by formula (VIII) alone, but that it ig 
capable of reacting in several forms. This is to be expected, 
Obviously a Ae en of formula (VIII) would be susceptible to 
the type of triad change which is apparently common to all com- 
pounds containing an unsaturated five-membered ring fused to the 
benzene nucleus, as in indene, benzimineazole, and aziminobenzene 
(Ingold and Piggott, J., 1922, 124, 2381). The second individual 
involved in this kind of tautomeric interchange would have formula 
(VIII4). This, however, contains a system of the type known to 
undergo the “ tetrad”? change into an N-hydroxy-isomeride (Bam- 
berger, Annalen, 1920, 420, 137), and it should therefore pass 
reversibly into an individual of the formula (VIIIs). | 


C(H)-OH C-O[H] C:0 
Kimya awit ‘Ao vehicle ANd 
ie EL NL ip | ONO Se 
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CH CH(H) 
(VIII.) (VIITa.) (VIIIs.) 


There is experimental evidence favouring all these formule. 
First, whilst any of the three forms might yield phthalimidine on 
reduction, only (VIII) can adequately account for aldehydic reac- 
tions depending on the opening of the heterocyclic ring. In 
addition, however, the compound forms a yellow sodium salt and 
an intensely coloured iron salt; and (VIII) cannot account for this, 
although either of (VIIIa) and (VIIIs) can do so. Finally, the 
compound forms two isomeric methyl derivatives. One of these, 
the main product, is obviously an N-methoxy-compound, derived | 
from (VIIIs), for, unlike its isomeride, it cannot be reduced to a 
phthalimidine without previous hydrolysis; this methyl derivative 
is therefore represented by formula (XVB). The second methyl 
derivative (by-product) is a C-methoxy-compound, derived from 


either (VIII) or (VIII), as is proved by the fact that it yields 
O-methylphthalimidine (XVI or XVIA) on reduction; the by- 


product must therefore be represented either by (XV) or by (XVa), 
or, more probably, by both. 
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_ O-Methylphthalimidine readily passes into V-methylphthalimidine 

(XVII), a type of isomeric change which is not uncommon and has 
for long been exemplified by the transformation of cyanuric into 
wocyanuric esters on heating. 

Further details with regard to the cyclic and aldehydic reactions 
of the compounds (VI) and (VIII), and the conditions of their 
interconversion, will be found in the experimental portion of this 
paper; but the summary already given will be sufficient indication 
as to the manner in which the isolation and study of these compounds 
establishes the fundamental dyad change of the oxime group. 


EXPERIMENTAL. 


Phthalaldehyde was prepared by hydrolysing with aqueous 
alcoholic potassium oxalate the www'w’-tetrabromoxylene obtained 
by brominating boiling o-xylene (Thiele and Gunther, Annalen, 
1906, 347, 107). 

1-Hydroxy-2 : 3-benzoxazine (V1).—Phthalaldehyde (13-4 g.), dis- 
solved in 30 c.c. of methyl alcohol, was gradually mixed in the cold 
with an aqueous solution (200 c.c.) of hydroxylamine prepared from 
6-9 g. of hydroxylamine hydrochloride and 5-4 g. of anhydrous 
sodium carbonate. After a few minutes, the solution was extracted 
with much ether, and the extract washed with water, dried with 
calcium chloride by shaking, concentrated, and seeded with a 
crystal of hydroxybenzoxazine obtained from a previous experiment, 
when the substance crystallised (70% yield). A further quantity 
could be obtained from the ethereal mother-liquor, which also 
contained, however, some of the isomeric hydroxyisoindole oxide. 
Extraction of the aqueous mother-liquor with ethyl acetate yielded 
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a further quantity of the latter substance. If, however, at an 
stage of these extractions the aqueous solution was set aside ic 
a time, the unextracted material became converted into the methoxy 
benzoxazine described below. | 

On one or two occasions the preparation of hydroxybenzoxazin 
by the process described above failed for reasons that we have no 
been able to discover, almost the sole product being hydroxyiso 
indole oxide. Other cases of failure, resulting in the productio) 
of the methoxy-compound, were traced to undue delay in pro 
ceeding with the extraction or removing the methyl alcohol fron 
the ethereal extract. On the other hand, during the preliminan 
experiments the desired hydroxybenzoxazine could sometimes bi 
produced under quite a variety of conditions (see p. 1705). 

1-Hydroxy-2 : 3-benzoxazine separates from ether—ligroin in prisms 
m. p. 114—115° (Found: C, 645; H, 4:7; N, 9-5. C,H,O,) 
requires C, 64:4; H, 4:7; N, 9-4%). It is very soluble in ethy 
acetate, easily soluble in chloroform or ether, but almost insolubk 
in ligroin. It reduces Fehling’s solution. Its action towards methy, 
and ethyl alcohols, oxidising agents, and other ketone reagents i 
described below. Attempts were made to reduce it both in aci¢ 
and in alkaline solution under various conditions, including those 
described on pp. 1706-7, but without success, deeply coloured, 
amorphous products being obtained which could not be purified 
No phthalimidine was obtained. 

1-Methoxy-2 : 3-benzoxazine (X).—This may be obtained (a) by 
leaving phthalaldehyde in contact with hydroxylamine (1 mol.) 
in 30% methyl alcohol, when the compound crystallises; (6) from 
hydroxybenzoxazine by boiling with methyl alcohol, preferably 
in the presence of a trace of hydrochloric acid; (c) from hydroxy- 
isoindole oxide by digesting for several days with faintly acidified 
aqueous methyl alcohol, and then diluting. It separates from ether 
in glistening plates, m. p. 77° (Found: C, 66:3; H, 5:6; N, 87. 
C,H,O,N requires C, 66-3; H, 5-5; N, 86%). It is hydrolysed 
with great ease with dilute hydrochloric acid, giving hydroxy- 
benzoxazine. 

1-Hthoxy-2 : 3-benzoxazine was prepared like the methoxy-com- 
pound, ethyl alcohol being used in place of methyl alcohol. It was 
obtained crystalline, but, as it tended to separate as an oil from 
all solvents in which it was not extremely soluble, it was not purified 
for analysis. 

Phthalaldehyde-1-oxime-2-semicarbazone (IX).—The formation of 
this substance from hydroxybenzoxazine was studied in some detail 
and the main results have already been described (p. 1701). The 
semicarbazone itself can be purified in small quantities by rapid 
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erystallisation from ethyl acetate, from which a microcrystalline 
powder separates, m. p. 235° (decomp.) (Found: C, 52-7; H, 5-0. 
©,H,,0,N, requires C, 52-4; H, 4-9%). 

Phthalaldehyde-1-oxime-2-p-nitrophenylhydrazone, prepared from 
hydroxybenzoxazine like the corresponding semicarbazone, and 
also from hydroxyzsoindole oxide by digesting with p-nitropheny]l- 
hydrazine in acetic acid solution, separated from ethyl acetate in 
small, yellow prisms, m. p. 175° (decomp.) (Found: C, 59-0; 
H, 4-4. C,,H,,.0,N, requires C, 59-2; H, 4:2%). 

Oxidation of 1-Hydroxy-2 : 3-benzoxazine : Formation of o-Carb- 
oxybenzaldoxime and its Anhydride (XI and XIT).—The hydroxy- 
benzoxazine, dissolved in pure ether, was shaken with successive 
small quantities of 1% potassium permanganate solution (in all, 
equiv. to 1 atom of oxygen) containing an excess of magnesium 
sulphate, the mixture was filtered, extracted with ether, and the 
aqueous. solution acidified and again extracted. o-Carboxybenz- 
aldoxime anhydride was recovered from the first extract and was 
identified by its m. p. (186°) and by its conversion into phthalimide 
on heating. The small amount of o-carboxybenzaldoxime obtained 
from the second extract was identified by its m. p. (120°) and by 
converting it into the anhydride. 

l(or 3) -Hydroxyisoindole-2-oxide (N- Hydroxyphthalimidine) 
(VIII, etc.).—It is difficult to give precise directions for the prepar- 
ation of this substance, for not only was it frequently obtained as 
almost the sole product on repeating as exactly as possible an 
experiment which had previously yielded hydroxybenzoxazine, 
but, on other occasions, attempts to repeat a successful preparation 
of hydroxyisoindole oxide gave hydroxybenzoxazine instead. It 
is believed that accidental] seeding is, at any rate partly, responsible 
for these erratic results. Two circumstances, however, appear 
definitely to increase the chances of producing hydroxyisoindole 
oxide, namely, (a) the presence of alkalis, (b) a high temperature. 
Condition (@) can readily be understood, since hydroxyisoindole 
oxide yields a rather stable sodium salt, the formation of which 
would disturb any equilibrium involving hydroxyzsoindole oxide, 
in such a way as to favour the ultimate isolation of this substance 
at the expense of hydroxybenzoxazine. Condition (6) is explicable 
if, in the dyad equilibrium between (V) and (VII) (p. 1700), a rise 
of temperature favours the (usually) less permanent form (namely, 
VII) just as in the cases of hydrogen cyanide and acetylene. The 
following typical experiments illustrate the employment of these 
two methods. 

(i) The procedure leading to the formation of hydroxybenzoxazine 
(p. 1703) was repeated, excepting that 6-5 g. of anhydrous sodium 
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carbonate were employed instead of 5:4 g., the solution being | 
neutralised before the extraction, which was carried out with | 
chloroform in place of ether. | 

(it) The procedure detailed on p. 1703 was followed with the 
exception that all solutions were previously heated at 60°, and 
mixed at this temperature. The extraction was carried out with 
ethyl acetate instead of ether, the extract being washed with water 
and roughly dried by sodium sulphate before evaporation. | 

The same substance can also be prepared by allowing hydroxy- 
benzoxazine to remain dissolved in solvents (other than alcohols 
or ketones), or by digesting it with dilute aqueous sodium carbonate 
and acidifying. 1-Hydroxyisoindole-2-oxide separates from chloro- | 
form in well-defined prisms, m. p. 181° (Found: ©, 64:3; H, 4:35 
N, 9-4. C,H;0,N requires C, 64-4; H, 4:7; N, 9:4%). It is. 
readily soluble in chloroform or ethyl acetate, sparingly soluble in 
ether, and nearly insoluble in water or ligroin. It is soluble in 
dilute mineral acids, giving colourless solutions, and it is also 
dissolved by aqueous sodium carbonate (or sodium hydroxide), 
giving a yellow solution containing a sodium salt, which is pre- 
cipitated as a yellow powder when an ethyl acetate solution of the 
hydroxy-compound is mixed with ethereal-alcoholic sodium 
ethoxide. Ferric chloride gives an intense violet colour, the reaction 
constituting a delicate test for the substance in dilute solution. 
it also readily reduces Fehling’s solution on warming, and, on 
digesting with an acetic acid solution of p-nitrophenylhydrazine 
acetate, gives the hydrazone above mentioned. Its action towards 
oxidising and reducing agents and its behaviour on methylation 
are described below. 

feduction of 1-Hydroxyisoindole-2-oxide to Phihalimidine (XII1).— 
(i) The substance (1 g.), dissolved in 3 c.c. of methyl alcohol, was 
treated gradually at 50—60° with 32 g. of 3°% sodium amalgam, 
the solution being kept only faintly alkaline by successive additions 
of glacial acetic acid. After removal of the mercurial layer, the 
liquid was evaporated to dryness in a vacuum, and the solid residue 
extracted with warm ethyl acetate, from which crystals of nearly 
pure phthalimidine separated (m. p. 145—149°). On crystallisation 
from benzene, it had the correct m. p. (150—151°), and it was then 
definitely identified by analysis (Found: ©, 71:9; H, 5-5. Cale., 
C, 72:2; H, 55%), and by conversion into its nitroso-derivative 
(m. p. 156°). 

(ii) The hydroxyisoindole oxide was dissolved in dilute acetic 
acid and treated with an excess of zinc dust, added sufficiently 
rapidly to bring the solution to its boiling point towards the end 
of the process. An excess of ammonia was then added and the 
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solution extracted with ether, when an almost quantitative yield 
of phthalimidine was obtained. 

(iii) Hydroxyisoindole oxide was dissolved in dilute acetic acid 
and treated with sodium amalgam in the cold, glacial acetic acid 
being added as required to keep the solution acid. The mercury 
was separated, an excess of sodium hydroxide added, and the 
phthalimidine extracted with ether (yield nearly quantitative). 

Oxidation of 1-Hydroryisoindole-2-oxide to Benzaldoxime-o- 
carboxylic Acid (X1) and Phthalimide.—This oxidation was carried. 
out like that described on p. 1705 excepting that ethyl alcohol was 
used in place of ether and that no magnesium sulphate was added. 
No product was obtained on extracting the filtered solution with 
ether, but on acidifying and again extracting, a mixture of phthal- 
imide and benzaldoxime-o-carboxylic acid was obtained, from which 
the former was readily separated owing to its smaller solubility 
in water. 

N-Methoxyphthalimidine (IXB).—The hydroxyisoindole oxide 
was dissolved in methy! alcohol and treated with the theoretical 
quantity of methyl-alcoholic sodium methoxide, and then with 
twice the theoretical amount of methyl iodide. After heating on 
the water-bath for } hour, the excess of methyl iodide and the 
methyl alcohol were evaporated and the residue was mixed with 
water and extracted with ether, from which, on evaporation, long 
needles were obtained, m. p. 74° after crystallisation from ether— 
ligroin (a mixture with the isomeric methoxy-compound of m. p. 77° 
melted at 45°) (Found: C, 66:1; H, 5-6. C,H,O,N requires 
C, 66:3; H, 55%). The substance is readily soluble in benzene, 
ethyl acetate, chloroform, or ether, moderately soluble in ligroin, and 
insoluble in water. It does not disso]ve in alkalis, gives no colour 
with ferric chloride, does not reduce Fehling’s solution, and gives 
no condensation products with semicarbazide or the arylhydrazines. 

Reduction of N-Methoxryphthalimidine to Phthalimidine—Attempts 
to reduce this substance in neutral solution with zinc dust, ammon- 
ium chloride and aqueous methyl alcohol, or in water or dilute 
acetic acid with sodium amalgam, resulted in the recovery of 
unchanged material. Reduction took place, however, with tin 
and hydrochloric acid, and, on pouring the solution into an excess 
of alkali and extracting with ether, phthalimidine was obtained. 

Oxidation of N-Methoxyphthalimidine to Hydroxyisoindole Oxide and 
Phthalimide—The oxidation was carried out in neutral solution 
by permanganate in presence of magnesium sulphate as described 
on p. 1705, excepting that sufficient permanganate solution was 
used to supply three atoms of oxygen. On extraction with ether, 
a mixture of hydroxyisoindole oxide and phthalimide was obtained, 
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which were separated from each other by fractional crystallisatior 
from ethyl acetate and identified by direct comparison with authentic 
specimens. 

(or 3)-Methoxyisoindole-2-oxide (IX or IXa) was obtained from 
the ultimate ether and ether—ligroin residues obtained in the 
methylation experiment described on p. 1707. The residues from 
several such experiments were evaporated and then extracted 
repeatedly with hot ligroin (b. p. 60—70°). On cooling in a freezing 
mixture, small prisms separated, m. p. 52—53° after softening at 
48°, and from the oily residue obtained by evaporation of the 
ligroin a further quantity of the same substance was isolated by 
seeding (Found: C, 66:0; H, 5-7. C,H,O,N requires C, 66:3: 
H, 5:5%). It is readily soluble in all organic solvents, even ligroin, 
but insoluble in water. It is also insoluble in sodium carbonate 
solution, but readily soluble in dilute acids. It does not give a 
colour with ferric chloride, does not reduce Fehling’s solution, and 
gives no condensation products with semicarbazide or the aryl- 
hydrazines. 

Reduction of Methoxyisoindole-2-oxide to o-Methylphthalimidine 
(XV or XVa).—The substance was treated with successive quan- 
tities of zinc dust in a boiling aqueous methyl-alcoholie solution of 
ammonium chloride, and the filtered solution was evaporated to 
remove methyl alcohol and extracted with ether. The residue from 
the ether yielded crystals, which, after draining, melted at about 
40°, but owing to their tendency to liquefy under all solvents in 
which they were not extremely soluble, they were not recrystallised 
(Found: C, 73:0; H, 6-4. C,H,ON requires C, 73-4; H, 6:1%). 
The constitution of the substance was established by the obsery- 
ations (i) that, on boiling with concentrated hydrochloric acid, it 
yields phthalimidine, (ii) that, on heating in an open tube until 
visible decomposition commences, N-methylphthalimidine (XVI) 
is produced. The latter substance was isolated by crystallisation 
from ether and identified by direct comparison with a specimen 
prepared by the reduction of N-methylphthalimide. 

Oaidation of  Methoxyisoindole-2-oxide io Phthalimide.—This 
oxidation was carried out like that described on p. 1705, using, 
however, sufficient permanganate to supply rather more than four 
atoms of oxygen. On working up the product, phthalimide was 
obtained and identified in the usual way. 


The authors desire to thank the Chemical Society for a grant with 
the aid of which the expenses of this investigation have been met. 
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CCOXXVIII.—Synthetical EHzxperiments in the  iso- 
Quinoline Group. Part V. Synthesis of Substances 
allied to Oxyberberine. 


By Rospert Downs Haworts, Wint1am Henry PERKIN, jun., 
and HERBERT SHEPPARD PINK. 


Durine the course of these synthetical experiments in the group 
of the berberine alkaloids, it was thought probable that 3 : 4-di- 
methoxyhomophthalic acid (I) would condense with homopiper- 
onylamine (1a) with the formation of 2-homopiperonyl-7 : 8-di- 
methoxyhomophthalimide (II) and that this substance, under the 
influence of a suitable dehydrating agent, might yield oxyberberine 
(IIT). 


 CH,-CO,H NO te Ge 
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This plan is independent of, but on similar lines to, the successful 
synthesis of oxyberberine by Perkin, Ray, and Robinson (this vol., 
p. 740) and as we have now succeeded with its aid in preparing 
several substances allied to oxyberberine, there can be little doubt 
that, when it is extended, it will ultimately lead to the synthesis 
not only of oxyberberine but also of oxypalmatine and allied 
substances and therefore indirectly to the synthesis of the corre- 
sponding alkaloids. The 3:4-dimethoxyhomophthalic acid re- 
quired for the suggested synthesis was unknown and, while we were 
working out a method for its preparation, we decided to carry out a 
preliminary investigation with homophthalic acid itself and with 
4: 5-dimethoxyhomophthalic acid, both of which were available. 

Homophthalic acid may be made from phthalide and potassium 
cyanide (Wislicenus, Annalen, 1886, 233, 102), a method which, 
owing to the difficulty in controlling the temperature of interaction, 
can only be used on a small scale. It may also be prepared by the 
action of phosphorus pentachloride on 2-isonitroso-1-hydrindone, as 
deseribed by Perkin and Robinson (J., 1907, 91, 1073), but the best 
method is that recommended by Ingold and Piggott (J., 1923, 123, 
1483), namely, from 1-hydrindone by oxidation. 

Homophthalic acid condenses readily with @-phenylethylamine 
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to give 2-8-phenylethylhomophthalimide (IV), which dissolves | 
alkali to a yellow solution with a green fluorescence and condense 
with aldehydes at the -CH,:CO- group. When treated with methy 
iodide and sodium hydroxide, it yields the 4 : 4-dimethyl derivatiy 
(V) and all attempts to obtain the monomethyl derivative, whic 
would have been useful in the synthesis of substances of the coryd 
aline type, were unfortunately unsuccessful. A series of experi 
ments, made with the object of converting this imide into th 
parent of oxyberberine (X, oxyprotoberberine, compare this vol, 
p. 1462) by the action of dehydrating agents such as hydroge, 
chloride, thionyl chloride, phosphoyus pentoxide or oxychloride 
was without success. It is interesting that this imide, when treate 
with phosphorus oxychloride in boiling toluene solution, suffer 
disruption and is converted to some extent into the 1 : 3-dichloro 
vsoquinoline (VI) described by Gabriel (Ber., 1886, 19, 1655). 


CH, CMe, CH 
(\/ S90 oats 90 ot, Neat 
RNS OR ON ANY 7 OR 

OO.) (CH COB vOR CCl 
(IV.) (V.) (VI.) 

The stability of the imide (IV) to dehydrating agents is probably 
due to the carbonyl group in the 1-position in the isoquinoline ring 
and attempts were made to reduce this group without reducing th 
carbonyl group in the 3-position. It was found that zinc dust anc 
sodium amalgam have no action on alkaline solutions of the imide 
under mild conditions and that, under vigorous conditions, it slowly 
undergoes hydrolysis. The imide may, however, be reducec 
electrolytically to a mixture of 2-8-phenylethyl-3 : 4-dihydro-l. 
isoguinolone (VII) and’ 2-8-phenylethyl-1: 2:3 : 4-tetrahydroiso. 
quinoline (VIII). The former is insoluble in alkali, does not con- 
dense with aldehydes or suffer internal condensation when it ik 
treated with phosphorus oxychloride, and cannot therefore be the 
isomeric 3-isoquinolone. It is clearly the carbonyl group in the 3- 
position in the imide which is the more readily reducible and, sc 
far, it has not been found possible to leave this intact and reduce 
the group in the 1-position. Experiments are, however, in progress 
with the object of preparing the 3-keto-derivative synthetically. 

When the imide (IV) is heated for several hours with sodium 
hydroxide, the yellow colour gradually disappears and an N-f- 
phenylethylhomophihalamic acid is produced which probably has 
structure (IX), but direct evidence of this view of its constitution 
is not yet available (compare, however, Gabriel and Posner, Ber., 
1894, 27, 2504). 
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The methyl ester of the acid (IX) yields, on treatment with 
phosphorus oxychloride, a small quantity of a substance (m. p. 
234°) which has the composition, C,,H,,ON, of oxyprotoberberine 
(X). The bright yellow colour of this substance is, however, not 
in accord with this structure and we are of the opinion that it is the 
oxyisoprotoberberine of the formula (XI; compare XVIII), but the 
detailed investigation of this substance was rendered difficult on 
account of the small yield obtained. 
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It is well known is derivatives of isoquinoline are formed with 
difficulty from unsubstituted 8-phenylethylamine derivatives and 
that ring closure is much facilitated by the introduction of methoxy- 
or methylenedioxy-groups. With the view of obtaining increased 
yields of substances similar to those just described, a series of experi- 
ments was next carried out using homopiperonylamine (IA) in the 
place of 6-phenylethylamine, and 2-homopiperonylhomophthalimide 
(XI) was readily obtained by condensing this with homophthalic 
acid. It is curious that this imide could not be converted into a sub- 
stance of the oxyberberine type (XIII) by the action of dehydrating 
agents and also that, while the imide (IV) yields 1 : 3-dichloroiso- 
quinoline (VI) on treatment with phosphorus oxychloride, the 
imide (XIT) does not suffer disruption under these conditions but 
is converted into 3-chloro-2-homopiperonyl-1-isoquinolone (XIV). 
Attempts to convert this chloro-derivative into the substance (X ITT) 
by treatment with copper powder and quinoline were unsuccessful. 


O-CH, O-CH, O-CH: 
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(XII.) (XIII.) (XIV.) 
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The imide (XII) is converted into the corresponding N-8-hoi 
piperonylhomophthalamic acid (compare 1X) on warming with alk 
and the investigation of the action of phosphorus oxychloride on: 
methyl ester of this acid has given interesting results. Two si 
stances, A and B, are produced and of these, A (m. p. 180°) 
colourless, feebly basic substance, has all the properties to | 
expected of 2: 3-methylenedioxyoxyprotoberberine (XIII). It 1d 
be reduced electrolytically to the corresponding 2: 3-methyle 
dioxytetrahydroprotoberberine (XV, m. p. 129°). ; 


O-CH, O-CH, 0-C 
Monk va Lae | 
CH, | | COE cl hclawenl 
GAG on. aN 
| | 
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CH, CH, \/ NH H, 
CH. 
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The correctness of the expression (XIII) for the substance A receit 
confirmation from the following independent synthetical expe 
ments. V-Phenylacetylhomopiperonylamine (XVI), prepared — 
the method described by Decker (Annalen, 1913, 395, 294), w 
converted, by treatment with phosphorus oxychloride, into 6: 
methylenedioxy-1-benzyl-3 : 4-dihydroisoquinoline, and this reduc 
to 1-benzylnorhydrohydrastinine (XVII). This base, owing doubtle 
to the absence of methoxy-groups in the ring, does not condense wi 
formaldehyde and hydrochloric acid, and heating with formaldehy: 
and formic acid in a sealed tube leads exclusively to the formation 
the N-methyl derivative (benzylhydrohydrastinine, p. 1721). Whe 
however, the V-formy] derivative of the base (XVII) is treated wi 
phosphorus oxychloride, it yields 2: 3-methylenedioxydihydroprotobe 
berine and this, on reduction, is converted into the tetrahydr 
derivative, which melts at 129° and is identical with the substan 
(XV) produced by the reduction of A. Consequently, 4 mu 
have the constitution (XIIT).* The second substance, B, produce 
by the action of phosphorus oxychloride on the methyl ester | 
N -8-homopiperonylhomophthalamic acid (see above), has properti 
similar to those of oxyisoprotoberberine (XI) and it is suggeste 
that it is 2 : 3-methylenedioxyoxyisoprotoberberine (XVIII). It is 

* If further evidence is required, it is supplied by the fact that 2:: 
methylenedioxytetrahydroprotoberberine, on treatment with iodine followe 
by silver chloride, yields the corresponding protoberberinium chloride, whic 
is decomposed by alkalis, in the same manner as ordinary berberinium chlorid 


yielding 2: 3-methylenedioxydihydroprotoberberine and 2: 3-methylened 
oxyoxyprotoberberine, the latter being identical with A (compare p. 1723) 


EXPERIMENTS IN THE 78OQUINOLINE GROUP. PART Vv. 1713 


rlet, crystalline substance (m. p. 225°), dissolving with difficulty 
hydrolytic solvents, from witch | it separates in the hydrated form 
orange needles which lose weight at 100° and are converted into 
ie scarlet, anhydrous substance. On electrolytic reduction, the 
arlet substance is first converted into the colourless 2 : 3-methylene- 
oxyoxrydihydroisoprotoberberine (XIX) and then into 2 : 3-methylene- 
oxytetrahydroisoprotoberberine (XX) isomeric with the substance 
CV). 


O-CH, o-m, O-CH, 
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Synthesis of Oxy-w-berberine (compare Haworth, Perkin, and 
ankin, J., 1924, 425, 1691).—This synthesis, indicated by the 
heme : 


O-CH, O-CH, 
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as carried out in the following manner. 2-Homopiperonyl-6 : 7- 
methoxyhomophthalimide (X XI), prepared from 4 : 5-dimethoxy- 
mophthalic acid and homopiperonylamine, was converted, by 
drolysis with alkali, into the corresponding amic acid (compare 
X). When the methyl ester of this acid was treated with phos- 
1orus oxychloride, it gave a 70% yield of a substance melting at 
8° which was identical with the oxy-W-berberine described by 
aworth, Perkin, and Rankin. It is interesting that no isomeride 
this substance could be detected in the product of the interaction 
the methyl ester with phosphorus oxychloride. The imide 
‘X1), on treatment with phosphorus oxychloride, behaves similarly 
) 2-homopiperonylhomophthalimide (XII), yielding 3-chloro-2- 
mopiperonyl-6 : 7-dimethoxy-1-isoguinolone (compare XIV). 

At the commencement of this research it became necessary to 
termine whether substances of the oxyberberine type are stable 
wards phosphorus oxychloride, that is to say, whether they are 
ipable of formation in the presence of this reagent. Experiment 
lowed that oxyberberine is readily acted on by phosphorus oxy- 
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chloride, two substances being formed, namely, methylnorox! 
berberine (Faltis, Monatsh., 1910, 31, 573; Bland, Perkin, ai} 
Robinson, J., 1912, 101, 262; compare this vol., p. 744) and| 
chloro-derivative which clearly has the constitution (XXII! 
because, when treated with ammonia, it yields iminoberberi: 
Co9H1,0,N. (XXIV), a substance which does not melt at 280° ai} 
is characterised by the crystalline hydrochloride, C,)H,,0,N,,H( 
and by the fact that it is converted into oxyberberine on tredula 
with sodium hydroxide. 


a he One, 
a No é No | 
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During the synthesis of oxy-y~-berberine described above, | 
crystalline chloro-derivative was also obtained in small quanti 
which, since it yielded oxy-y-berberine on treatment with sodiu 
hydroxide, was clearly the derivative corresponding to (X XIII). 


EXPERIMENTAL. 


8-Phenylethylamine.—$-Phenylpropionamide was prepared | 
the following method, which gives good results and does not seem 
have been previously. described. §-Phenylpropionyl chloride (pi 
pared by boiling phenylpropionic acid with a slight excess of thion 
chloride and distilling the product under reduced pressure), d 
solved in dry benzene, is saturated with dry ammonia, and t 
mixture of ammonium chloride and the amide recrystallised fro 
hot water with the aid of animal charcoal. The amide separat 
in colourless leaflets (m. p. 105°) and is sufficiently pure for co 
version into 8-phenylethylamine by means of sodium hypochlori 
(Decker, Annalen, 1913, 395, 291). : 

6-3 : 4-Dimethoxyphenylpropionic Acid.—Veratraldehyde (100 g: 
malonic acid (130 g.), and piperidine (5 c.c.) were heated in pyridi 
solution (250 c.c.) for 14 hours on the steam-bath, during whi 
rapid elimination of carbon dioxide took place, and the reaction W: 
completed by boiling for 10 minutes. The product, on pouring in 
excess of dilute hydrochloric acid, gave an almost quantitatn 
yield of 3: 4-dimethoxycinnamic acid, which was reduced to 3: 
dimethoxyphenylpropionic acid by sodium amalgam under tl 
conditions described by Perkin and Robinson (J., 1907, 2 
1079). a 


we 
- ee 
$3 
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2-8 - Phenylethylhomophthalimide ({V).—@ - Phenylethylamine 
ydrochloride (15-6 g.) is dissolved in water, the base liberated with 
otassium hydroxide, extracted with benzene, dried over potassium 
ydroxide, mixed with homophthalic acid (18 g.), and heated in an 
i-bath at 180° for 3 hours. The product is dissolved in boiling 
icohol and cooled, when the imide (IV) separates in almost colour- 
8s prisms (19 g.) and is sufficiently pure for most purposes. After 
second crystallisation from alcohol, it was obtained in colourless 
risms, m. p. 128—129° (Found: C, 77-0; H, 5-8. C,,H,,0,N 
quires C, 77-0; H, 5-7%). 

2-8-Phenylethylhomophthalimide (IV) is insoluble in water, 
yaringly soluble in ether, and readily soluble in hot alcohol or 
setic acid. It dissolves in sodium hydroxide to a yellow solution 
ith a green fluorescence and is reprecipitated by saturation with 
arbon dioxide. If, however, the alkaline solution is warmed for 
veral hours, the colour disappears and the imide is no longer 
precipitated by carbon dioxide. 

The imide (1 g.) was heated in a sealed tube with phosphorus 
xychloride (3 c.c.) at 140—150° for 3 hours, the excess of oxy- 
uloride removed by distillation under reduced pressure, the residue 
ixed with sodium hydroxide, and the solid collected. This 
ibstance crystallised from methyl alcohol containing animal 
1arcoal in colourless needles (m. p. 123°) and was evidently identical 
ith the 1 : 3-dichloroisoquinoline (VI) obtained by Gabriel (Joc. cit.) 
found : ©, 54-8; H, 2-6. Calc., C, 54:5; H, 25%). 
2-6-Phenylethyl-4 : 4-dimethylhomophthalimide (V).—2-®-Phenyl- 
hylhomophthalimide (2 g.) was dissolved in a solution of sodium 
+35 g.) in alcohol (7 c.c.) and water (10-5 c.c.), methyl iodide (3 g.) 
ided, and the mixture gently boiled until the green fluorescence 
ud disappeared. Some of the alcohol was removed by distillation, 
le residue mixed with water, the precipitated oil extracted with 
her, the extract dried over anhydrous magnesium sulphate, 
‘aporated, and the oil distilled under 10 mm., when a colourless 
Stillate was obtained which solidified on prolonged rubbing 
ith petroleum (Found: C, 77°7; H, 6-5. C,,H,,O,N requires 
: 778; H, 65%). This dimethyl derivative crystallises from 
(ueous alcohol in colourless needles (m. p. 60—61°) and is readily 
luble in ether, but sparingly soluble in petroleum and insoluble 
sodium hydroxide. That the methyl groups in (V) are both 
tached to carbon is shown by the fact that no methyl iodide is 
‘tained when the substance is boiled with hydriodic acid. 

2-8-Phenylethyl-3 : 4-dihydro-1-isoquinolone (VII). 2-8-Phenyl- 
hylhomophthalimide (2 g.), dissolved in a mixture of alcohol 

9 ee.) and concentrated sulphuric acid (40 c.c.), was placed in the 
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cathode compartment of an electrolytic cell, the cathode of whicl 
consisted of a piece of lead (150 sq. cm. surface) and the anode of ¢ 
sheet of lead surrounded by sulphuric acid (20%). After a curren 
of 5 amperes had been passed for 16 hours, the solution was dilutec 
with water, extracted with chloroform, the extract dried ove 
potassium carbonate, the solvent removed, and the residue crystal 
lised from ether—petroleum (b. p. 40—60°), separating in colourles: 
needles, m. p. 77—78° (Found: C, 81:3; H, 7-0. C,,H,,OB 
requires C, 81:3; H, 6-8%). 2-8-Phenylethyldihydroisoquinolon 
is very soluble in organic solvents with the exception of petroleum 
insoluble in dilute acids or alkalis, and will not condense witl 
aldehydes in the presence of sodium ethoxide or piperidine. 

2-8-Phenylethyl-1 : 2: 3 : 4-tetrahydroisoquinoline (VITL).—Th 
acid mother liquors from the preparation of the tsoquinolone (se 
above) were made strongly alkaline with sodium hydroxide, ex 
tracted with chloroform, the extract dried over potassium carbonate 
and the chloroform removed, when a basic oil remained which di 
not crystallise. This dissolved completely in dilute hydrochlori 
acid and, on concentrating, the hydrochloride crystallised; 1 
separated from alcohol-ether in long, colourless needles, m. p 
297—-229° (Found: C, 74:8; H, 7-4. C,,H,,N,HCl require 
C, 74:6; H, 7:3%). 

N-8-Phenylethylhomophthalamic Acid (IX).—2-$-Phenylethy] 
homophthalimide (1-3 g.) was heated with N-sodium hydroxid 
(10 c.c.) for 12 hours on the steam-bath, when the imide dissolve 
and the yellow colour of the solution gradually disappeared. Afte 
cooling, the unchanged imide was precipitated by carbon dioxide 
and the filtrate acidified with concentrated hydrochloric acid ; th 
straw-coloured gum, which soon hardened, crystallised from benzen 
in colourless needles, m. p. 122—123° (Found: ©, 72-2; H, 5G 
C,,H,,0,N requires C, 72:1; H, 6-0%). This acid is readily solubl 
in alcohol, ether, or benzene, sparingly soluble in water or petroleum 
and dissolves in sodium bicarbonate with effervescence. 

The methyl ester. When a methyl-alcoholic solution of the ach 
is saturated with dry hydrogen chloride, only a small yield of th 
methyl ester is obtained, the main product being the imide (IV) 
but the methyl ester may be obtained in a yield of 60% im th 
following way. The amic acid (2-8 g.), dissolved in a solution © 
sodium carbonate (0-53 g.) ia water (50 c.c.), is mixed with a stron; 
solution of silver nitrate (1-7 g.) and, after remaining for 2 hours 2 
the dark, the silver salt is collected and thoroughly dried in : 
vacuum desiccator over sulphuric acid. The powdered salt 
suspended in dry ether, is boiled under reflux with methyl iodid 
(2 g.) for 8 hours, and the solution is filtered and concentratec 
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when the methyl ester separates in colourless prisms, m. p. 74—75° 
(Found: C, 72-9; H, 6-5. C,,H,,O,N requires C, 72:7; H, 6-4°%). 

Oxyisoprotoberberine (XI).—The above methyl ester (1 g.) was 
boiled with phosphorus oxychloride (2 ¢.c.) and toluene (5 c.c.) for 
an hour, hydrogen chloride being evolved and a brown gum 
separating. The product was diluted with petroleum (b. p. 40—60° ; 
100 c.c.), the clear liquid, which contained considerable quantities 
of the imide (IV), decanted, the brown gum dissolved in alcohol, 
mixed with sodium. hydroxide, and the dark insoluble substance 
sollected. It separated from glacial acetic acid in yellow needles, 
m. p. 234° (Found: C, 83-3; H, 5-2. ©,,H,,ON requires C, 82-6; 
H, 53%). Oxyisoprotoberberine is a weak base, dissolving in 
strong acids and being reprecipitated on dilution with water. It is 
sparingly soluble in organic solvents and its solutions in alcohol and 
slacial acetic acid exhibit an intense green fluorescence. The yield 
of this substance under the most favourable conditions is very small 
and in many experiments it could not be isolated at all. 

2-Homopiperonylhomophthalimide (XII).—Homopiperonylamine 
was heated with homophthalic acid under conditions similar to those 
ulready described in the preparation of the imide (IV; p. 1715). 
rhe product separates from alcohol or glacial acetic acid in colourless 
needles, m. p. 156—157°, is insoluble in water, but dissolves in warm 
potassium hydroxide to a yellow solution with a green fluorescence 
which becomes gradually colourless on boiling (Found: C, 69-9; 
H, 4-8. C©,,H,,0,N requires C, 69-9; H, 4-8%). 

2-Homopiperonyl-4 : 4- dimethylhomophthalimide (compare V) was 
prepared as described on p. 1715 and on pouring into water, a 
rystalline precipitate separated which crystallised from methyl 
ilcohol, in which it was sparingly soluble, in long, pale yellow, 
ectangular prisms, m. p. 126—127°. It is insoluble in aqueous 
kali and could not be hydrolysed to the corresponding homo- 
ahthalamic acid (Found: C, 71:3; H, 5:8. CH,,0,N requires. 
a2}, 5-6%). 

3-Chloro-2-homopiperonyl-1-isoquinolone (XIV).—The imide (XII, 
Lg.) was boiled with a mixture of phosphorus oxychloride (3 c.c.) 
ind toluene (10 c.c.) for 6 hours, during which hydrogen chloride. 
was evolved, and, on cooling, a brown syrup separated. After 
lilution with petroleum (b. p. 40—60°), the clear liquid (which 
sontained unchanged imide and some chloro-derivative) was 
lecanted and the residual oil dissolved in a little alcohol. Sodium 
1ydroxide was then added to remove unchanged imide, and the 
nsoluble solid collected and recrystallised from methyl alcohol, 
rom which it separated in short needles, m. p. 128—129° (Found : 
U, 66-4; H, 4-3. C,,H,,0,NCl requires C, 66-1; H, 4- 3%). When. 
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this chloro-derivative was heated with copper powder in boilir 
quinoline solution and the quinoline removed by dilute hydrochlor 
acid, no trace of a condensation product could be isolated. 

N-Homopiperonylhomophthalamic Acid (compare IX).—This ac 
was obtained from the imide (XII) by heating with N-sodiu 
hydroxide (2 mols.) for 12 hours on the steam-bath. After saturatic 
with carbon dioxide to remove unchanged imide, the filtered sol 
tion was acidified with concentrated hydrochloric acid, when 
yellow gum separated which soon hardened, and crystallised fro 
dilute acetic acid (1 : 1) in needles, m. p. 158—159° (Found : C, 66: 
H, 5:0. C,,H,,0;N requires C, 66:0; H, 5:-2%). The methyl est 
was prepared by the esterification of the acid with methyl alcoh 
and hydrogen chloride and also by the action of methyl iodide ¢ 
the silver salt (compare p. 1716). It crystallises with difficulty ar 
then separates from ether in long, colourless needles, m. p. 95—9% 
(Found: C, 67-1; H, 5-6. C,gH,,0;N requires C, 66-9; H, 5-5% 

The amide was prepared by dissolving the ester in ten times i 
weight of methyl alcohol and saturating with dry ammonia. Tl 
solution turned green and white needles of the imide (XII) separatec 
on diluting the filtrate with water, the amide was deposited as 
crystalline mass, which separated from dilute methyl alcohol ; 
needles, m. p. 216° (Found: N, 8-7. C,,H,,0,N, requires I 
8:6%). 

2 : 3-Methylenedioxyoxyprotoberberine (XIII).—The above meth 
ester (3 g.), phosphorus oxychloride (6 c.c.), and toluene (15 c.c 
were boiled for an hour, cooled, diluted with petroleum (b. p. 40- 
60°), and the solvents (which contained the imide XII and some: 
the chloro-derivative XIV) decanted from the gum. The latt 
was extracted with boiling dilute hydrochloric acid, the insolub 
portion dissolved in hot methyl alcohol and cooled, when a ma 
of almost colourless needles separated; a further quantity separate 
in fine needles on concentrating the acid extract, the filtrate fro: 
which contained the substance XVIII (see below). 2: 3-Methylen 
dioxyoxyprotoberberine separates from methyl alcohol in colourle 
needles, m. p. 180°, and is sparingly soluble in ether, benzene, « 
cold alcohol, but readily soluble in hot alcohol or glacial acetic acit 
It dissolves in concentrated mineral acids, but is reprecipitated c 
dilution with water (Found: C, 74:3; H, 46. C,,H,,0,N requir 
C, 74:2; H, 45%). . 

2 : 3-Methylenedioxytetrahydroprotoberberine (XV).—The sul 
stance XIII (1-5 g.), dissolved in alcohol (60 c.c.) and concentrate 
sulphuric acid (40 c.c.), was subjected to a current of 5 amperes ft 
20 hours in the cell described on p. 1716. The mixture was poure 
‘ into water and extracted with chloroform, when some unchange 
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XII separated. The acid filtrate from this was made strongly 
alkaline with ammonia, extracted with chloroform, the extract dried 
over potassium carbonate, and the solvent removed, when a brown, 
syrupy base remained which yielded a sparingly soluble hydrochloride, 
erystallising from water in prisms, m. p. 270° (decomp.). The base, 
liberated from the hydrochloride by sodium hydroxide, separated 
from methyl] alcohol in colourless needles, m. p. 128—129° (Found : 
Se7i2; H, 6-1. C,,H,,0,N requires C, 77-4; H, 6-1%). The 
picrate, prepared in alcoholic solution, crystallises from alcohol in. 
yellow needles, m. p. 208—210° (decomp.). 

2: 3-Meihyienedioxyoxyisoprotoberberine (XVIITI)—This highly 
coloured substance is contained in the acid mother-liquors obtained 
during the preparation of the substance XIII (see above). The 
liguors were evaporated and the residue was dissolved in glacial 
acetic acid containing a little acetic anhydride, when, after some time, 
a crystalline mass separated which was collected and boiled with 
water. The substance crystallises from dilute acetic acid in long, 
orange needles, which lose weight and become scarlet on drying on the 
steam-bath (compare p. 1713) ; m. p. 225—226° (Found : C, 74:5, 74-2 ; 
H, 4:8,4-6. C,,H,,0,N requires C, 74-2; H,4:5%). This substance 
is very sparingly soluble in alcohol, ether, or benzene, readily soluble 
in glacial acetic acid, and slightly soluble in water to a yellow 
solution. It is soluble in hot mineral acids, separating on cooling 
in orange needles which become scarlet on' heating. The acetate 
separates from glacial acetic acid in pale. yellow needles, m. p. 250° 
(decomp.), and is rapidly dissociated by water. 

2 : 3-Methylenedioxyoxydihydroisoprotoberberine (XIX).—This sub- 
stance was obtained when 2 : 3-methylenedioxyoxyzsoprotoberberine 
(XVITT) (1 g.), dissolved in a mixture of alcohol (60 ¢.c.) and concen- 
trated sulphuric acid (40 c.c.), was reduced with a current of 5 amperes 
in the cell described on p.1716. The original orange solution became 
almost colourless and, after pouring into water, this was extracted 
with chloroform (B), the extract dried over potassium carbonate, 
and the solvent removed, when a brown syrup remained which 
erystallised from alcohol in nodules, m. p. 196—197°, and from 
dilute acetic acid in needles, m. p. 203—204° (Found: C, 73:7; 
H, 5-2. C,,H,,0O,N requires C, 73-7; H, 5:1%). This dihydro- 
derivative is sparingly soluble in the usual organic solvents, dis- 
solves in concentrated mineral acids, and is reprecipitated by water. 

2:3-Methylenedioxytetrahydroisoprotoberberine (X X).—The aqueous 
mother-liquors (B) from the chloroform extraction (see above) 
were made alkaline with ammonia and again extracted with 
chloroform, when a small amount of a basic substance was isolated. 


The yield of this substance was increased by continuing the above 
3 N* 
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reduction for 48 hours. The base is a syrup very soluble in organic 
solvents and has not been obtained in the crystalline state. 


| 
| 
| 


The hydrochloride is sparingly soluble and crystallises from dilute 
hydrochloric acid in small prisms decomposing at 260°. The. 
picrate, prepared in methyl-alcoholic solution, crystallises from much > 
methyl alcohol in long, yellow needles, m. p. 216—217° (Found; 


N, 11:2. C,H, 0,N, requires N, 11-0%). 


2-Homopiperonyl-6 : 7-dimethoxyhomophthalimide (XXI).—This 


substance was prepared from homopiperonylamine and 4: 5- 


dimethoxyhomophthalic acid as described on p. 1715 (Found; 


C, 65:0; H, 5-2. C,,.H,,0,N requires C, 65:0; H, 51%). It ie 


sparingly soluble in alcohol and crystallises from glacial acetic acid 


in pale yellow needles, m. p. 178—179°. It dissolves in warm 


sodium hydroxide to a yellow solution with a green fluorescence and | 


is reprecipitated by carbon dioxide. The dimethyl derivative 
(compare V) was obtained by treating the imide with methyl iodide in 


alkaline solution under the conditions described on p. 1715. On 


pouring into water, a white solid separated which crystallised from. 


methyl alcohol in colourless prisms, m. p. 151° (Found: OC, 66-8; 
H, 5-9. C,.H,,0,N requires C, 66-5; H, 5-8%). 


3-Chloro-2-homopiperonyl-6 : 7-dimethoxy-1-isoquinolone (compare 


XIV).—The above imide (1 g.) was heated with phosphorus oxy- 
chloride (2 c.c.) and toluene (5 c.c.) for 2 hours, during which hydrogen 
chloride was eliminated. Petroleum (b. p. 40—60°) was then added 
and, after standing for some time, the clear solution was decanted, 
the residue dissolved in alcohol, unchanged imide removed by 
treatment with sodium hydroxide, and the solid crystallised from 
glacial acetic acid, from which it separated in yellow needles, m. p. 
163—164° (Found: ©, 61:7; H, 4-7. C,,H,.0,;NCl requires 
O69 vA A707). 

N-Homopiperonyl-4 : 5-dimethoxyhomophthalamic Acid (compare 
IX).—This was prepared by warming the imide with N-sodium 
hydroxide (2 mols.) for 12 hours on the steam-bath. On acidifying 
with concentrated hydrochloric acid, a grey, granular mass separated 
which crystallised from dilute acetic acid in needles, m. p. 181—182° 
(Found: C, 62-1; H, 5-5. C,)H,,0,N requires C, 62:0; H, 54%). 
The methyl eater, prepared by the two methods employed in the 
earlier cases (p. 1718), is sparingly soluble in ether and moderately 
soluble in methyl alcohol, from which it crystallises in colourless 
prisms, m. p. 136° (Found: C, 62:5; H, 5-6. C,,H,,0,N requires 
Cy 6298.5) +7 9%). 

Oxy-w-berberine (XXII).—The above methyl ester (2 g.), phos- 
phorus oxychloride (6 c.c.), and dry toluene (10 c.c.) were boiled 
for an hour, cooled, and diluted with petroleum (100 c.c.; b. p. 
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10—60°), and the clear solution decanted. The residue was washed 
with petroleum, digested with sodium hydroxide for 2 hours on the 
steam-bath, and the brittle solid boiled with a little alcoholic sodium 
rydroxide, collected, and crystallised from aqueous acetic acid, 
irom which the substance separated in colourless needles, m. p. 
267—268° (not depressed on admixture with a specimen of oxy-y- 
berberine prepared by Haworth, Perkin, and Rankin; loc. cit.). 
In several experiments a salt of the dichloro-derivative (compare 
XXIIT) separated towards the end of the reaction as an orange- 
rystalline solid, which crystallised from methyl alcohol in orange- 
yellow needles, m. p. 204—-205° (decomp.). It was soluble in water 
und, on treatment with sodium hydroxide and subsequent crystal- 
isation from dilute acetic acid, gave oxy-w-berberine. 

Benzylnorhydrohydrastinine (XVII).—N-Phenylacetylhomopiper- 
mnylamine (XVI) (10 g.) was dissolved in toluene (50 c.c.) and 
oiled for 14 hours with phosphorus oxychloride (20 c.c.). The 
solution was cooled, diluted with petroleum (b. p. 40—60°), the 
lear liquid decanted, the residual syrup dissolved in hot alcohol, 
vcidified with sulphuric acid, and heated on the steam-bath with 
zinc dust until the intense blue fluorescence had disappeared. The 
solution was filtered hot, the zinc residues were thoroughly extracted 
with boiling water, and the base was liberated from the united 
filtrates by the addition of ammonia and extracted with benzene. 
The benzene extract was washed with water, dried over potassium 
hydroxide, and the benzene removed, when the residual syrup 
solidified to a pasty mass. 

Benzylnorhydrohydrastinine dissolves in the usual organic 
solvents with the exception of petroleum and crystallises from ether-- 
petroleum in prisms, m. p. 64—66°. The hydrochloride separates from 
water in colourless, rectangular plates, m. p. 110°, and is sparingly 
soluble in water or alcohol and particularly sparingly soluble in 
dilute hydrochloric acid. The picrate, prepared in methyl-alcoholic 
solution, crystallises from methyl alcohol in short, thick prisms, 
m. p. 184—185° (Found: C, 55-3; H, 4:1. C,,H,,O,.N, requires 
C, 55-6; H, 4:0%). When{the base was heated in methyl-alcoholic 
solution with formalin and diluted with water, an oil separated which 
was heated with hydrochloric acid, but no substance of the tetra- 
hydroberberine type could be detected and the product contained 
large quantities of unchanged benzylnorhydrohydrastinine hydro- 
chloride. 

Benzylhydrohydrastinine (p. 1712).—Benzylnorhydrohydrastinine 
(XVII) (0-5 g.) was heated;with water (5 ¢.c.), formic acid (1-2 c.c.), 
and formalin (1 g.) in a sealed tube for 8 hours at 180°. The product 
was diluted with"water, made alkaline with sodium hydroxide, and 
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the solution decanted from the syrupy base. This was washed wit] 
water, and dissolved in hot dilute hydrochloric acid, when th 
hydrochloride of benzylhydrohydrastinine separated in colourles 
prisms, m. p. 174—175° (decomp.) (Found: C, 67-6; H, 6-2 
C,gH.)0,NCl requires C, 68:0; H, 63%). The base, liberated fron 
the hydrochloride, was a syrup which was not obtained in the crystal 
line state. 

2:3 - Methylenedioxydihydroprotoberberine. — Benzylnorhydro 
hydrastinine (5-4 g.) and anhydrous formic acid (1 g.) were heater 
in an oil-bath at 200° for 4 hours, the product dissolved in toluen 
(25 c.c.), and boiled with phosphorus oxychloride (10 c.c.) fo 
14 hours. Light petroleum was added, the clear liquid decanted 
the residue boiled with dilute hydrochloric acid and animal charcoal 
filtered, and the filtrate concentrated, when clusters of yelloy 
prisms of the hydrochloride separated. This was collected, dissolve: 
in water, and the base liberated by sodium hydroxide as a pal 
yellow solid, which crystallised from ethyl alcohol in clusters o 
yellow needles, m. p. 128—129° (Found : C, 77:7; H, 5-5. C,.H,,O,) 
requires C, 77-9; H, 54%). The hydrochloride crystallises fron 
dilute hydrochloric acid, in which it is sparingly soluble, in yelloy 
prisms, m. p. 250°. The picrate separates from much alcohol o 
ethyl acetate in long, orange needles, m. p. 254—255°. 

2 : 3-Methylenedioxytetrahydroprotoberberine (XV) was obtainec 
by reducing the dihydro-derivative just described with zine dus 
and.sulphuric acid until the solution became colourless. The ho 
liquid was filtered, the filtrate decomposed by ammonia, the stick 
base washed with water and crystallised from methyl alcohol, fron 
which it separated in almost colourless needles, m. p. 128—129° 
This base is identical with the substance resulting from the electro 
lytic reduction of 2: 3-methylenedioxyoxyprotoberberine (XIII) 
since no depression in melting point was observed on mixin{ 
specimens which had been prepared by the two different methods. 

The 2:3-Methylenedioxyprotoberberinium Salts.—The tetrahydro 
base (XV), dissolved in alcohol, was oxidised by means of iodine it 
the presence of sodium acetate, when a yellow, crystalline precipitat 
separated, and, after concentrating, the precipitate was collected 
suspended in water, and sulphur dioxide passed. The iodid 
obtained, crystallised from much water in long, pale yellow needle: 
which did not melt at 300° (Found: ©, 53:8; H, 3:5. C,,H,,0,NI 
requires ©, 53:6; H, 3-5%). The corresponding chloride was 
obtained by digesting the iodide with silver chloride in aqueous 
suspension for some hours, filtering, and concentrating the filtrate, 
when the chloride separated as bright yellow needles which did not 
melt at 250°. When this chloride was heated for } hour with 50% 
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potassium hydroxide, a semi-solid mass separated which hardened 
on cooling. It was collected, ground, and extracted with hot, very 
dilute hydrochloric acid. ‘The acid solution, make alkaline with 
ammonia, yielded a base which crystallised from alcohol in clusters 
of pale yellow needles, m. p. 128—129°, and proved to be identical 
with the 2: 3-methylenedioxydihydroprotoberberine which had 
been previously obtained (p. 1722) by another process. The sub- 
stance insoluble in the dilute hydrochloric acid was crystallised from 
dilute acetic acid, when colourless needles were obtained which 
melted at 180° and were identical with the 2 : 3-methylenedioxy- 
oxyprotoberberine (XIII) described on p. 1718. 

The Action of Phosphorus Oxychloride on Oxyberberine.—Oxyber- 
berine (10 g.) was boiled with phosphorus oxychloride (50 c.c.) 
for 6 hours, during which the solution became deep orange and a 
bulky precipitate separated; the excess of oxychloride was then 
removed by distillation and the solid heated with dilute hydrochloric 
acid and filtered. The residue crystallised from glacial acetic acid 
in small, colourless needles, m. p. 245°, and was identical with a 
specimen of methylnoroxyberberine which had been prepared from 
oxyberberine by heating with hydrochloric acid in a sealed tube ~ 
(compare p. 1713). The orange-coloured acid filtrate was decomposed 
with a large excess of concentrated ammonia, and the iminoberberine 
(XXIV) crystallised from much alcohol, from which it separated in 
small, pale yellow needles which did not melt at 280° (Found: 
Genet; H, 5-0. C,,H,,0,N. requires OC, 68-6; H, 5-2%). It is 
sparingly soluble in organic solvents and, on warming with sodium 
hydroxide, ammonia is evolved and oxyberberine separates. The 
hydrochloride was prepared by dissolving the base in warm dilute 
hydrochloric acid and allowing to cool slowly, when orange plates 
separated which did not melt at 280° (Found: C, 61-6; H, 4-9; 
N, 7-0. ©. 9H,,0,N,Cl requires C, 62-2; H, 5-0; N, 7-2%). This 
hydrochloride dissociates slowly in contact with moisture and is 
rapidly changed to oxyberberine on treatment with sodium 
hydroxide. 


Our thanks are due to the Commissioners of the 1851 Exhibition 
for a Scholarship (R. D. H.), to the Salters’ Institute of Industrial 
Chemistry for a Fellowship (H.S. P.), and to the Research Fund 
Committees of the Royal Society and Chemical Society for grants 
which have defrayed much of the expense of this investigation. 
We are indebted to Mr. Fred Hall for carrying out most of the 
analyses required during the course of this investigation. 
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CCX XILX.—Researches on Sulphuryl Chloride. Part Ii] 
The Influence of Catalysis on the Chlorination 0 
Toluene. 


By OswALD SILBERRAD, Cus. A. SILBERRAD, and BEATRICE PARKE 


Tux present investigation on the chlorination of toluene was under 
taken with the object of increasing our knowledge of the influence 
of catalysts on the chlorinating properties of sulphuryl chloride 
hitherto confined to the effect of the better known carriers on th 
chlorination of benzene (Silberrad, J., 1921, 419, 2029; 1922, 124 
1015). 

Previous investigators have recorded that no action occur 
between toluene and sulphuryl chloride below 115° (Dubois, Buli 
Acad. Roy. Belg., 1872, 42), but that at that temperature benzy 
chloride and chlorotoluene are slowly formed. 'Tohl and Eberhard 
(Ber., 1893, 26, 2940), working at 160°, also obtained a mixture 0 
these compounds, whilst Wohl (D.R.-PP. 1467/1902, 160102/1902 
and 162394/1903) patented the manufacture of benzyl chlorid 
(and its homologues) by heating toluene (and its homologues) witl 
sulphuryl chloride to temperatures not exceeding 130°, the yiek 
claimed in the absence of light being 50° on the toluene used 
Tohl and Eberhardt (loc. cit.) also observed that iodine (at 160° 
exercised no retarding influence on the formation of benzyl chloride 
and Witte (Pharm. Rec. of New York, 1889, Dec. 16), Tohl and Eber 
hardt (Ber., 1893, 26, 2943), and Béeseken (Rec. trav. chim., 1911 
30, 381) obtained o- and p-toluenesulphonyl chloride as the chie 
product of treating toluene with sulphuryl chloride in the presence 
of aluminium chloride. } 

Apart from the simultaneous formation of chlorotoluene an 
benzyl chloride the present investigation has not confirmed thes 
observations. The two ingredients react to a noticeable exten 
far below 115° in the absence of either light or catalysts, whils 
iodine exercises a marked effect at 70° both by inhibiting side 
chain substitution and by accelerating the formation of chlorotoluene 
As regards the influence of aluminium chloride, toluenesulphony 
chloride or chlorotoluene can be produced at will according as th 
conditions selected are conducive to the Friedel and Crafts reactioi 
or to chlorination ; the former conditions appear to have been thos 
selected by the above cited previous workers and the latter com 
within the present investigation (compare No. 3). 

The catalysts examined may conveniently be divided into groups. 
those which either inhibit chlorination or alter its course withou 
inducing any appreciable acceleration, and those which accelerat 


RESEARCHES ON SULPHURYL CHLORIDE. PART III. 1725 


substitution. Of the first series, phosphorus pentachloride is the 
most remarkable; it appears to prevent ring substitution altogether 
without, however, materially influencing the quantity of benzyl 
chloride produced in a given time.* Manganese chloride and arsenic 
also exhibit this peculiarity, though to a lesser extent, whilst the 
latter also accelerates side-chain substitution. All the other 
catalysts examined accelerate ring substitution and, with the excep- 
tion of sulphur + and bromine, at the expense of the benzyl chloride 
produced, the yield of the latter compound being reduced to zero 
in the case of iron, aluminium, antimony, bismuth and tellurium. 

Further, the catalytic activity of the elements of the same group, 
with the exception of bromine, is a function of the atomic weight, 
increasing with this apparently up to a maximum, as illustrated 
by bismuth (see table on p. 1726). In this respect, therefore, 
the elements examined behave in the same manner as _ halogen 
carriers in direct chlorination (Willgerodt, J. pr. Chem., 1886, 33, 
264), from which it would appear that they operate as chlorine 
earriers rather than as dissociation catalysts. The only exception 
to Willgerodt’s rule is furnished by bromine, which is much more 
active than iodine in spite of their relative atomic weights. It is 
suggested that this abnormality is due to the transient formation 
of sulphuryl bromide, concerning the existence of which there has 
been so much controversy (Odling, Quart. J. Chem. Soc., 1854, 
7, 2; Jahresbericht, 1854, 308; Handbuch Deutsch von Oppenheim, 
1865, 1, 169; also Sestini, Bull. Soc. chim., 1868, 10, 226; Gustav- 
son, Ber., 1873, 6, 9; Melsens, Compt. rend., 1873, 76, 92). This 
suggestion is borne out by the fact that bromine shows this abnormal 
activity only if previously dissolved in and added with the sulphuryl 
chloride and not when admixed with the hydrocarbon (Nos. 14 
and 15), whereas with iodine, which admittedly shows no tendency 
to form sulphuryl iodide (compare Sestini, loc. cit.; Odling, loc. cit.), 
it makes but little difference whether it be added to the hydrocarbon 
or to the sulphuryl chloride (Nos. 16 and 17). 

Not only is the intensity of the action a function of the atomic 
weight, but also the nature of the chlorination effected (see table) ; 
thus, the elements of the same group show a decreasing tendency to 
induce side-chain substitution with increasing atomic weight, 
but an increasing tendency to accelerate ring substitution. * In all 
cases where the catalyst showed a marked influence the reaction 
was accompanied by the formation of strongly coloured inter- 


* Erdmann (Annalen, 1893, 272, 149), working with chlorine, found that 
phosphorus pentachloride accelerated side-chain substitution. 

+ This observation is in accord with Beck’s work on the direct chlorination 
of toluene in the presence of sulphur (Ber., 1892, 25, 2445). 
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mediate products the constitution of which is evidently similar t 
those previously observed in the case of benzene, thus again con. 
tributing strong evidence in favour of the additive theory « 0! 
chlorination (Silberrad, loc. cit.). : 


Comparative Action of Catalysts of the Same Periodic Group. 


Products obtained on boiling for 8 hours. 


te 
Ratio 
% of % of % of chloro- 
chlorine chloro- benzyl toluene 
in toluene chloride to benzyl f 
Element. At. wt. product. produced. produced. chloride. Coloration, 
Group V. 
Phosphorus 31-04 2-1 nil 7:6 0-0 Nil 
Arsenic ... 74:96 4-6 3:3 12-6 0-25 Amber 
Antimony 120-2 26-2 93-1 nil co Dark brown 
Bismuth ... 208-0 21:1 76-4 nil co Dark brown 
Group VI. 
Sulphur ... 32-07 18-1 50-5 13-8 3:7 Pale amber 
Selenium TO? 23-2 77-0 5-2 14:8 Dark amber 
Tellurium 127-5 25:1 89-1 nil oo Deep brown 
Group VII. 
Bromine... 79:92 10-8 26-9 11:3 1:3 — 
Iodine ...... 126-92 5-6 16-0 4-5 3:5 -- 


EXPERIMENTAL. 


For the sake of brevity the method of procedure adopted is 
described in general terms and the quantitative results are summarised 
at the end of the paper, only peculiarities specific to each catalyst 
being described under that head. Unless stated otherwise, ne 
coloration developed. 

The apparatus and the method used were similar to those described 
by one of us (Silberrad, J., 1921, 119, 2031), save that the mixture 
was boiled for 8 hours and light was found to produce so marked 
an effect on the results that its influence was rigidly excluded. The 
hydrocarbon (79 c.c. of toluene) was treated with 10% excess oi 
sulphuryl chloride (66 c.c.) in the presence of the desired catalyst. 
The product was boiled with 250 c.c. of water * and steam-distilled, 
and the distillate dried and fractionated. The fraction boiling 
below 180° was freed from traces of dichloro-compounds by redistil- 
Jation.and its composition then calculated from its density and the 
quantity of benzyl chloride present, estimated by boiling a weighed 
quantity with excess of solid silver nitrate and sufficient alcohol 
to form a boiling saturated solution (compare Schultze, Ber., 1884, 
47, 1675; Cohen, Dawson, Blockey, and Woodmansey, J., 1910, 


* Without this preliminary treatment sulphuryl chloride when present in 
any quantity passed over undecomposed on steam distillation. 


q 


97, 1625); a less concentrated solution of silver nitrate is liable 
to give inaccurate and erratic results. 

No. 1. Caialyst nil—The boiling ingredients slowly evolved 
sulphur dioxide and hydrogen chloride: the reaction was evidently 
not completed during the experiment (8 hours). 

No. 2. Catalyst Gold Chloride.—Gold is apparently not attacked 
by sulphuryl chloride below about 150° (North, Bull. Soc. chim., 
1911, 9, 646). It was therefore introduced as the anhydrous 
trichloride (1:3 g.). The velocity of chlorination was thereby raised 
about 30% without, however, appreciably altering the nature or 
relative proportion of the products. The reacting mixture assumed 
an amber tint. 

No. 3. Catalyst Aluminium Chloride (anhydrous).—Alumin- 
ium chloride combines with sulphuryl chloride in the absence 
of moisture to form aluminium chlorosulphoxide, which acts as a 
powerful dissociation catalyst (Adrianowsky, Ber., 1879, 12, 688; 
Ruff, Ber., 1902, 35, 4453; Chem. Zig., 1906, 30, 1225; Rohland, 
Chem. Zig., 1906, 30, 1173; Silberrad, J., 1921, 119, 2031). The 
anhydrous compound was therefore used, 14 g. being added to the 
toluene and the required quantity of sulphuryl chloride run into 
the mixture previously raised to 70°. A vigorous evolution of 
sulphur dioxide and hydrogen chloride took place at once and the 
reaction was completed in 24 hours. The acceleration effected by 
this catalyst therefore amounted to approximately 1600%. The 
product, which was at first deep purple and finally dark vandyke- 
brown, had the characteristic odour of toluenesulphonyl chloride. 
The quantity was, however, small, chlorination being almost the 
only reaction under the above conditions. 

No. 4. Catalyst Carbon.—Carbon is not attacked by sulphuryl 
chloride (Heinemann and Kéchlin, Ber., 1882, 15, 1736; Jahresbe- 
richt, 1882, 234); any influence this substance might exercise was 
therefore likely to be physical rather than chemical. Finely- 
ground (200-mesh) wood charcoal was used (0:7 g.). A slight increase 
in the amount of nuclear substitution appeared to be induced. 

No. 5. Catalyst Stannic Chloride.—Tin is only slowly attacked 
by sulphuryl chloride (Heinemann and Kéchlin, loc. cit.), anhydrous 
stannic chloride (14 g.) was therefore used. Substitution took place 
almost entirely in the ring. The reacting products developed a 
faint pink tint. 

No. 6. Catalyst Phosphorus Pentachloride.—In order to avoid 
complication arising from the possible formation of sulphur chloride * 
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* Sulphuryl chloride converts phosphorus into the trichloride (Kéchlin 
and Heinemann, Ber., 1881, 15, 1736) and less readily into the pentachloride 
(North and Thompson, J. Amer. Chem. Soc., 1918, 40, 774), whilst the latter 
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the pentachloride (0-7 g.) was used. Chlorination proceeded even 
more slowly than without the catalyst, and the action was restricted 
entirely to side-chain substitution. 

No. 7. Catalyst Arsenic.—Arsenic is rapidly converted into the 
trichloride by sulphuryl chloride (Kéchlin and Heinemann, also 
Ruff, loc. cit.), The finely-ground element (0-7 g.) was therefore 
used. The reaction proceeded slowly, substitution occurring chiefly 
in the side chain. : 

No. 8. Catalyst Antimony.—Antimony reacts with sulphuryl 
chloride, forming the trichloride (K6chlin and Heinemann, loc. cit.). 
The element (0-7 g.) was therefore used. A steady and vigorous — 
evolution of gas took place during the whole of the experiment, 
and the reaction was practically completed in 3 hours. The 
acceleration caused by this catalyst therefore amounted to 1300% _ 
approximately. The product, initially purple, gradually turned 
deep vandyke-brown. Substitution took place entirely in the ring. 

No. 9. Catalyst Bismuth.—The action of sulphuryl chloride on 
this metal does not appear to have been previously examined. It 
dissolves readily, however, and was therefore introduced in the 
metallic form (0-7 g.). A vigorous action set in and a steady evolu- 
tion of gas continued during the whole of the experiment. As a 
catalyst, bismuth behaves very similarly to antimony; the reaction 
mixture also passes through a precisely similar series of colour 
changes and substitution occurs wholly in the ring. 

No. 10. Catalyst Sulphur Chloride.—According to Heinemann 
and Kéchlin (loc. cit.) sulphuryl chloride does not act on sulphur 
at all; Ruff (loc. cit.), however, observed the formation of sulphur 
monochloride at 200°, and North and Thompson (J. Amer. Chem. 
Soc., 1918, 40, 774) observed it at 95—98°. Preliminary experiments 
with toluene showed that the hydrocarbon was very little attacked 
during the first 5 or 6 hours when elementary sulphur was used, but 
that after that the reaction proceeded just as rapidly as when 
sulphur chloride was added, thus proving beyond a doubt that 
sulphur is slowly converted into sulphur monochloride even at 70°. 
In order to avoid complication, therefore, the catalyst was intro- 


substance reacts with a further quantity of sulphuryl] chloride with formation 
of thionyl chloride, phosphorus oxychloride, and chlorine (Michaelis, Jenaische 
Z. Med. Naturwiss., 1871, 6,79; Z. Chemie Pharm., von Beilstein Fittig u. 
Hubner, 1871, 6, 460). The thionyl chloride reacts with a further quantity — 
of phosphorus trichloride, producing phosphorus sulphur chloride (Michaelis, 
Z. Chem. Pharm., von Beilstein Fittig u. Hubner, 1871, 6, 151), which in 
its turn is reconverted into phosphorus pentachloride and sulphur chloride by — 
a further quantity of sulphuryl chloride (Michaelis, loc. cit.; compare also 
North and Thompson, loc. cit.); hence the risk of complications through the 
formation of sulphur chloride. 
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fuced in the form of sulphur chloride (0:7 g.). A steady and fairly 
trong reaction took place during the whole experiment, the amount 
vf side-chain substitution being doubled and that in the ring quad- 
upled by this catalyst. The reacting liquid assumed a pale amber 
‘int. 

No. 11. Catalyst Seleniwm.—Selenium is rapidly attacked by 
ulphuryl chloride with formation of the tetrachloride (Lehner and 
North, J. Amer. Chem. Soc., 1907, 29, 33). The element (0-7 g.) 
vas therefore used. A vigorous reaction proceeded throughout the 
*xperiment and the product assumed a dark amber colour. 

No. 12. Catalyst Tellurium.—tTellurium is converted first into 
he di-, then into the tetra-chloride on heating with sulphury] chloride 
Lenher, J. Amer. Chem. Soc., 1898, 30, 737). The element (0-7 g.) 
was therefore used. The reaction was perceptibly more vigorous 
than with selenium, chlorination being complete in 5 hours and 
substitution taking place almost entirely in the nucleus. The 
nixture, too, assumed a much darker tint, changing from a dull 
gurple-brown in the early stages to a very dark amber-brown at 
the end. 

No.13. Catalyst Manganese Chioride—The manganese was intro- 
luced as anhydrous iron-free manganous chloride, in the presence 
4% which chlorination appeared to proceed even more slowly than 
without any addition. 

No. 14. Catalyst Bromine (added to the hydrocarbon).—Sulph- 
yl chloride decomposes hydrogen bromide with liberation of 
romine, but then the reaction appears to stop (Besson, Compt. 
end., 1896, 122, 467). In conformity with this observation it was 
ound that bromine added to the hydrocarbon exercised little or 
10 influence on the rate of chlorination. 

No. 15. Catalyst Bromine (added to the sulphuryl chloride). — 
Javing regard to the possibility of the intermediate formation of 
ulphuryl bromide, Experiment No. 14 was repeated, bromine being 
dded to the sulphuryl chloride instead of the hydrocarbon. The 
eaction was much more vigorous, approximately double the amount 
if substitution occurring in 8 hours. 

No. 16. Catalyst Iodine (added to the hydrocarbon).—According 
0 Ruff (Ber., 1901, 34, 1749) sulphuryl chloride alone is without 
etion on iodine. On prolonged boiling, however, a dilute solution 
f iodine in sulphuryl chloride became colourless, presumably due 
0 the formation of iodine chloride. Added to the hydrocarbon, 
ddine (0-7 g.) accelerated ring substitution to a small extent at the 
xpense of the benzyl chloride formed. 

No. 17. Catalyst Iodine (added to sulphuryl chloride).—Unlike 
Tomine, iodine (0-7 g.) added to the sulphuryl chloride produced a 

3 N** 2 


1730 RESEARCHES ON SULPHURYL CHLORIDE. PART III. 


similar result to that obtained when the halogen was added to the 
hydrocarbon. 

No. 18. Catalyst Iron.—According to North (Bull. Soc. chim., 
1911, 9, 646), who obtained ferric chloride by heating iron with 
sulphuryl chloride to 160°, this metal is attacked by sulphuryl 
chloride with some difficulty. Heated in the presence of the 
hydrocarbon, however, it (0-7 g.) rapidly passed into solution and 
induced vigorous substitution in the nucleus. Thereacting mixture 
assumed a dark olive-green colour. } 

No. 19. Catalyst Platinuwm.—According to North (loc. cit.) 
platinum behaves like iron when heated with sulphuryl chloride. 
The finely divided metal (0-7 g. of 20°, platinum asbestos) was 
therefore used. ‘The bulk of the platinum gradually passed into 
solution and exercised a slight accelerating influence. 


TABLE. 


Giving Quantitative Results obtained by boiling 0-75 g.-mol. of Toluene 
with 10% excess Sulphuryl Chloride for 8 hours in the presence 
of Various Catalysts. 


\ 


Products obtained. 


Steam-distilled Fractionated product. 
product. —. 
Crude Composition. 
product. ——’——7 Chloro- Benzyl 
Yield aie «  Xield - Toluene toluene chloride 
No. Catalyst. G.C. ae : C.C. djs 2 %- wie hr 
DMT NEL Ge s5 Sic aeup eek tea 80 td 0-921 60 0-905 80:3 12:8 69 
2 Gold chloride ...... 76,70) 0-927 ...59 0-918 73:5 17:0 95 
3 Aluminium 
chloride*. ......... 79 69 1-084 58-5 1:073 31 96-9 nil 
A Opt OM 45 ia cpiaceaieae'4s 79 76 0-914 67-5 0-912 765 16-9 6-6 
5 Stannic chloride... 80 78 0-924 66:5 0-914 745 248 0-7 
6 Phosphorus penta- 
chloride ......... 80 77 0-900 62-5 0-880 92-4 nil 7:6 
Td) PAT ROTIIC bole sak pos nin ode 78 75 0-907 64:5 0-898 84-1 3-3. 12-6 
Bi MANWINGNLY Fk... ah 78 75 1:067 65:5 1-063 69 93-1 “nil 
Oe Bismuth) ...52 hikes 80 78 1:027 63:2 1-022 23-6 76:4 nil 
10 Sulphur chloride... 79 76 1-010 62 0-997 35:7 50:5 13:8 
14 Belen... se. seen 82 80 1-046 71 1-037 17:3 77-0 6 
12) Tellarium® iis. 80 79 1-069 71 1-053 10-9 89-1 trace 
13 Manganese 
ehloride: ) 13) suis 78 75 0-892 64-5 0-885 91-2 2:2 6:6 
14 Bromine (added to 
hydrocarbon) ... 80 77 0-917 65 0-905 80-4 110 846 
15 Bromine (added to 
OME iy avs cabs 79 74 0-948 65-5 0-941 61:8 26-9 113 
16 Iodine (added to 
hydrocarbon) ... 80 76 0-913 68-5 0-901 81:9 16:5 16 
17 Iodine (added to 
WOON Tt Sess. aay 80 77 0-918 69-5 0-906 79-5 16:0 45 
LB) WLECUA acme te dul. subli’s 81. (77 1:022 68 1:017 25-7 74:3 ni 
TO Pls tania es eee es 75 72 0-944 59 0:940 61:8 349 43 


* In the presence of these catalysts the reaction was completed in less 
than 8 hours, namely, with aluminium chloride in 24 hours, with antimony 
in 3 hours, and with tellurium in 5 hours. 
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inks are due to Messrs. A. Boake Roberts & Co., Ltd., of 
, for supplying the sulphuryl chloride required for this 
ation. 


See RESEARCH LABORATORIES, th 
‘vCOKHURST Hitt, Essex. [Received, May 1st, 1925.] 
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CCX X X.—Stereoisomeric Azo-dyes. 
By Gitpert T. Morcan and Donat GErorcGE SKINNER. 


A stupy of the absorption of asymmetric substances by animal 
fibres was made by Willstatter (Ber., 1904, 37, 2758), who employed 
racemoid alkaloids but without finding any preferential absorption 
of one optical component by wool or silk. 

Porter and Hirst (J. Amer. Chem. Soc., 1919, 41, 1264) prepared 

a varied series of asymmetric azo-dyes with the object of estab- 
ishing a definite relationship between the chemical structures of 
lyes and their function as vital stains. They report, but without 
xiving practical details, one case of a racemoid dye on which wool 
icted selectively, absorbing more of the levo- than of the dextro- 
someride. ‘Their azo-dyes, which contained an asymmetric carbon 
atom derived from p-aminobenzhydrol and the p-aminodiphenyl- 
ukylearbinols, NH,°C,H,-CAlk(OH)-C,H;, were prepared by suc- 
sessively diazotising these amines and coupling the diazonium salt 
vith §-naphthol, dimethylaniline, naphtholsulphonic acids, or 
1aphthylaminesulphonic acids. 
Ingersoll and Adams (J. Amer. Chem. Soc., 1922, 44, 2930) 
ybtamed d- and J-forms of -aminobenzoyl-«-aminophenylacetic 
cid and converted these into two pairs of optically active dyes 
xy diazotising and coupling with ®B-naphthol and dimethylaniline. 
Che @-naphthol dyes were absorbed by wool in equal amounts, 
vhereas the two dimethylaniline dyes were absorbed at unequal 
ates. 

Racemoid aminomandelic acid was resolved by Porter and 
hrig through its cinchonine salt and its optically active com- 
jonents were diazotised and coupled with f-naphthol. When 
vool was dyed with a racemoid mixture of these azo-colouring 
natters, the dye-bath became levorotatory owing to the higher 
ate of absorption of the dextro-form (J. Amer. Chem. Soc., 1923, 
0, 1090). 

In the experiments described below, two sets of stereoisomeric 
‘yes were prepared and their enantiom orphous components were 
iolated. 

_”-Butyl alcohol, kindly supplied by Captain Desborough of the 


. 
ee 


1732 MORGAN AND SKINNER: STEREOISOMERIC AZO-DYES. 


Royal Naval Cordite Factory, was converted successively inte 
@-butylene and By-dibromo-n-butane. The last product was ther 
condensed with aniline, whereby two stereoisomeric bases - wer 
obtained, but the dl-diamine (I) was in much larger yield thar 
its meso-isomeride (II). The preparation was substantially thai 
carried out by Trapesonzjanz (Ber., 1892, 25, 3280), anole thi: 
investigator did not recognise the two stereoisomerides. 


aN byuatbiectsas “a 
Se Lennart CH, —G-—-NH-< 


Both stereoisomeric bases were oily, but of their solid derivatives i 
was found that those of the meso-diamine were less fusible and les; 
soluble than those of the dl-isomeride. 

The two diamines were separated by means of their crystallisabk 
salts (nitrate, sulphate, picrate) and were coupled separately witl 
diazotised sulphanilic acid, when two stereoisomeric azo-dyes wer 
- obtained. : 


+" 


~O-NH-’ > EN 
CH,-C-NH NN YSO3E 


a DNN-<_)-NH-¢-CH, ) 
\ ‘ iH Wins 4 mg 
cen ee ey OG ra oN ee 
H, a NH-< _>-NIN-C_ >S03H 


These disazo-dyes retain the “tartaric acid’ configuration 0 
the original bases. The compound IV from the meso-diamim« 
was non-resolvable, whereas its isomeride III was resolved inti 
optically active forms by means of the strychnine and cinchonidin 
salts. 

The conditions under which solutions of the racemoid dye wer 
kept in contact with wool for a prolonged interval at 20° wer 
varied as to solvent, time of contact, and strength of solution 
but only in one case was a slight optical activity observed in th 
dye-bath. The rates of absorption by wool of the four stereo 
isomeric dyes—the dl-, d-, l-, and meso-forms—were then investig 
ated, and in all four cases the solutions of the dyes were of th 
_ same strength, the volume of the solution being proportional 4 


5 
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the weight of wool employed. At fixed intervals of time the 
amount of colouring matter remaining in solution was titrated 


by standard titanous chloride, this estimation giving a measure 
of the dye absorbed. The dextrorotatory dye was absorbed by the 
fibre at a slightly faster rate than the racemoid compound, whereas 
the levorotatory isomeride was absorbed more slowly than either. 
Although the differences in the measured rates of absorption 


of these three stereoisomeric forms were small, they were con- 
‘sistent for all the readings taken. ‘The faster absorption of the 


d-compound was in agreement with the qualitative observation that 
a solution of the racemoid dye on prolonged contact with wool 


tended to become levorotatory. The smallness of this optical 
activity had indicated that the differences in the rates of dyeing 


of the two enantiomorphs would also be small; the qualitative 
‘experiments confirm this anticipation and the greater rate of 
absorption of the deatro-form is also in agreement with the results 
of Porter and Thrig (loc. cit.). 

_ The meso-isomeride was found to dye wool at a much slower 
rate than any of its three stereoisomerides, this being the first case 
in which internally and externally compensated disazo-dyes have 
been contrasted. 

_ Attempts were next made to demonstrate selective absorption 
by wool of less acidic colouring matters containing carboxyl groups 
and accordingly dl- and meso-diphenyl-$y-diamino-n-butanes were 
coupled with diazotised anthranilic acid, when it was found that 
these diamines coupled with only one molecular proportion of the 
diazo-compound so that the resulting monoazo-dyes no longer 
retained any analogy with tartaric acid. 

_ The cis- and trans-carboxyazo-dyes from the meso- and dl- 
diamines are represented respectively by formule V and VI, both 
being resolvable. 


H 
| Beas ELATED On ONE NI 
| CH, —NHC-NIN-C > 
ryan GO,H 
ony “NH- ee 2 
diab hie te <1 ig aR’ 
CH;—¢—NH-€__>-N:N Sais sae 
<_>-NH—¢—CH, CO,H 


Attempts were made with several alkaloids to resolve the latter 
more plentiful dye, dl-trans-2-carboxybenzene-4-azodiphenyl-By-dt- 


ia 


amino-n-butane, into its enantiomorphs, but only the levorotatory 
isomeride was obtained and that through the agency of the strychnine 
salt. 

The rates of absorption by wool of the three stereoisomerides, 
when ascertained by the titanous chloride titration, showed that, 
as in the case of the sulphonated disazo-dyes, the levo-trans-com. 
pound was absorbed less readily than the dl-trans-isomeride, the 
differences being greater than those observed with the sulphonated 
dyes. The rates of absorption for the two racemoid, cis- and 
trans-carboxylated azo-dyes were practically identical. 
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EXPERIMENTAL. 
Stereoisomeric Diphenyl-By-diamino-n-butanes. 

The vapour of n-butyl alcohol was passed through a mixture 
of sand and phosphoric acid at 300—350° contained in a cylindrical 
copper vessel, and to the distillate of crude 6-butylene, condensed 
and cooled with ice and salt, was added bromine drop by drop sc 
that only a slight excess of halogen was present. The dibromide. 
washed with aqueous alkali and dried, was distilled fractionally 
until By-dibromo-n-butane was isolated, b. p. 157—158° (J., 1923. 
123, 97). 

Aniline (600 g.) and 60 g. of By-dibromide were heated together 
at 160° for 4 hours, when the mixture became pasty owing to the 
separation of hydrobromides. After neutralisation with saturated 
aqueous sodium carbonate the mixture was distilled in steam 
remove excess of aniline, and the residue extracted with benzene 
or ether. The crude diamines leit on evaporating the solvent 
weighed 50 g. (yield 74%, calculated on By-dibromide). 

dl-Diphenyl-By-diamino-n-butane (1).—The crude bases, con- 
sisting mainly of dl-diamine and a small proportion of meso-diamine 
were dissolved in 50 c.c. of alcohol, 50 c.c. of nitric acid (d 1-42) 
and 100 c.c. of water, the solution being stirred and cooled in ice 
and salt. The crystalline dl-diamine nitrate which separated was 
recrystallised from alcohol until it melted with decomposition at 
170—175° (weight 37 g.). The purified nitrate was decomposed 
with ammonia, the liberated base extracted with benzene and 
precipitated as picrate by adding picric acid (1 mol.) dissolved m 
the same solvent. The product was crystallised repeatedly from 
benzene until the purified dl-picrate melted at 136—137° (weight 
36 g.). This method of purification.depends on the fact that the 
small proportion of meso-diamine does not form a crystallisable 
picrate. Alternatively the dl-base may be purified by repeated 
crystallisation of its sulphate. This diamine, liberated by ammonie 
from its nitrate, was extracted with benzene, dissolved in alcohol. 
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and treated with the calculated amount of 30% sulphuric acid. 
The sulphate which separated was crystallised repeatedly from 
alcohol until a constant melting point—182°—was attained (Found : 
5, 9:4. C,H. )N.,H,SO, requires 8, 9-5%). 

meso-Diphenyl-By-diamino-n-butane (i1)—The  meso-diamine, 
formed only in small amount by the condensation of By-dibromo- 
n-butane and aniline, is present together with dl-isomeride in the 
mother-liquors from the nitrate and picrate of the latter base. 
It was set free in the solutions by ammonia and extracted with 
benzene. The crude diamines obtained after concentrating the 
benzene extract weighed 21 g. and were converted into sulphate 
with 30°, sulphuric acid, when the crystalline product obtained 
was dl-diamine sulphate. The filtrate was cooled and treated 
with dilute aqueous sodium nitrite; the viscid, brownish-yellow 
nitrosoamine was removed with ether and crystallised from 
petroleum (b. p. 80—100°) until it separated in pale yellow, arbores- 
cent growths of the purified meso-butylene-§y-diphenyldinitroso- 
amine, m. p. 125°. A small amount of uncrystallisable oily residue 
was left consisting of the mixed dl- and meso-dinitrosoamines. 

The dinitrosoamine was reduced with tin and hydrochloric 
acid in hot alcoholic soiution, and the solution containing the 
stannichloride of the diamine was rendered alkaline with sodium 
hydroxide until the tin hydroxides redissolved. The oily diamine 
was extracted with benzene (yield 37%) and converted into its 
sulphate, which crystallised from alcohol and melted at 206°. 
This sulphate was not only less fusible but also less soluble in 
alcohol than the sulphate of the dl-diamine. The latter property 
was utilised in an alternative separation. Sulphate mother-liquors 
rich in meso-diamine were rendered alkaline with ammonia, extracted 
with benzene, the base converted into sulphate, and this salt 
crystallised repeatedly from alcohol until it melted at 206° (Found : 
S, 9-5. C,H. .N,,H,SO, requires S, 9-5%). 


Azo-dyes from Diphenyl-By-diamino-n- repas 


} dl-Di-4'-sulphobenzenedis-4-azodiphenyl-By-diamino-n-butane (11). 
—dl-Diphenyl-8y- diamino-n-butane (3:5 g.; 1 mol.), dissolved in 
3) ¢.c. of concentrated hydrochloric acid and 10 c.c. of water, 
was added gradually to a solution of benzene-p-diazoniumsulphonate 
prepared from 5 g. of sulphanilic acid (2 mols.); a dark red disazo- 
lye separated (8 g. or 91%). This product dissolved readily in 
alcohol or glacial acetic acid, but was less soluble in acetone and 
insoluble in other organic solvents or water; it was dissolved’ in 
the minimum amount of dilute ammonia and reprecipitated by 
acid as a dark red, amorphous powder with bronzy reflex. The 


ag 
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dye developed intensely red colorations with concentrated minera 
acids, had no definite melting point, but decomposed at 194°. 

The potassium salt, obtained as a viscid solid by concentratin 
the solution of the dye in aqueous potassium carbonate, crystallisec 
in an anhydrous form from dilute alcohol in small, orange needle; 
(Found: K, 11:5; 8, 9-3; azo-N, by titanous chloride, 81 
C,,H,,0,N,S.K, requires K, 11-4; 8S, 9-35; azo-N,, 8-2%). 

Dyeing Properties of the Racemoid Colouring Matter—In_ the 
presence of sodium sulphate and sulphuric acid the dye liberatec 
from its potassium salt in dilute solution dyed wool in deep orange 
shades, the colour being stripped by ammonia or strong soap solution 

Silk was dyed in boiled-off liquor and developed in a 1% sulphur 
acid bath, giving golden-yellow shades. The partially exhaustec 
solutions were examined in the polarimeter, a 12-volt, 24-wati 
Siemens lamp being used as a source of light (the wave-length 
being 6708 A.).’ No activity was developed in the dye-bath whether 
the solvent employed was water, dilute alcohol, or 30% acetic acid 
the strength of the dye-bath being approximately 0-75%. 

In their successful attempt to show selective action of wool or 
a racemoid dye Porter and Ihrig (loc. cit.) used glacial acetic acic 
as solvent. The dye was employed in 1% solution, the quantity 
was 40% of the weight of wool, and the dyeing was carried out ai 
20° for 48 hours. A similar experiment was made taking 1 g. ol 
dye in 75 c.c. of 30% acetic acid; 2-5 g. of wool were dyed at 20° 
for 24 hours. No activity was noticed at first, but after 72 hour: 
a slight levorotation was observed. Experiments with wool and 
silk using alcohol and dilute sulphuric acid as solvent for the dye 
showed no activity. These experiments on the racemoid dye did 
not furnish decisive evidence of preferential dyeing with either 
enantiomorph. 3 

Resolution of dl-4'-Sulphobenzenedis-4-azodiphenyl-By-diamino-n- 
butane.—Brucine salt. Brucine acetate (2:65 g. or 2 mols.) in 
20 c.c. of water was added to 2 g. of the potassium salt of the dye 
in 50 c.c. of water. The dibrucine salt of the dye separated as 2 
brownish-yellow precipitate (decomposition point 189°); it was 
moderately soluble in chloroform, but insoluble in other organic 
media or water. From chloroform alone and from this solvent 
mixed with light petroleum the brucine salt separated in shellac- 
like or viscid forms, but not in a crystalline condition (Found: 
azo-N, by titanous chloride, 4:0. Cy gH g0gN¢S:,2Co3Hog0,N:; 
requires azo-N,, 4:0%). The analysis showed that the substance 
was a dibrucine salt (2 mols. B + 1 mol. azo-compound). 

The strychnine salt was prepared from strychnine hydrochloride 
and the potassium azo-dye salt as in the preceding preparation. 
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‘The bright yellow precipitate was readily soluble in chloroform, 
less soluble in alcohol or acetone, and insoluble in other organic 
media or water. When a dilute solution in absolute alcohol was 
allowed to evaporate very slowly, the strychnine salt separated 
in small needles, decomp. 179° (Found : azo-N,, 4:4; total N, 11-1, 
11-2. C©,,H,,.0,N,8,,2C,,H,.O,N, requires azo-N,, 4:4; total N, 
11-0%). 

The strychnine salt was crystallised repeatedly from alcohol, 
the least soluble portions were examined polarimetrically, and 
erystallisation was continued until the rotation was constant: 
‘fopz;, = — 308-3° for a 0-96% alcoholic solution (J = 0-5). 

The salt having this specific rotation was warmed gently with 
‘aqueous potassium carbonate. The filtrate from strychnine was 
extracted repeatedly with chloroform to remove any of this base 
‘remaining in solution. The aqueous solution was allowed to 
evaporate, when the active potassium salt of the resolved dye 
‘separated slowly. A 0-99% solution gave aj, — 102° (J = 0-5) 
or [a] = — 206°, [M]"" = — 1409°. The Jl-potassium salt, like 
its dl-isomeride, was anhydrous (Found: total N, 12:5; azo-Ng, 
(815,8-:2; K, 11:5. C,.H,,O,N,S,K, requires total N, 12-3; azo-Ng, 
$1; K, 11-4%). 

_ The mother-liquors from the levorotatory strychnine salt were 
examined for the d-salt, but the more soluble fractions were viscid 
and on decomposition with potassium carbonate did not yield 
any dextrorotatory potassium salt. 

| Cinchonidine salts. The two stereoisomeric potassium salts were 
ultimately obtained through the cinchonidine salts. A solution 
of 2 g. (2 mols.) of cinchonidine hydrochloride in 20 c.c. of water 
/was added to 2 g. of dl-potassium salt in 50 c.c. of water, when 
a yellow precipitate of the cinchonidine salt was obtained almost 
quantitatively (Found: total N, 11-9, 11:8; azo-N,, 4:6, 4-7. 
©,,H,,0,N,S,,2C,,H,,ON, requires total N, 11-7; azo-N,, 4:7%). 

_ The cinchonidine salt decomposing at 176° was moderately 
soluble in chloroform or alcohol, slightly soluble in benzene, but 
insoluble in other organic solvents and in water. By slow evapor- 
ation of a dilute alcoholic solution the cinchonidine salt was obtained 
in small needles and this crystallisation was repeated until the 
rotation was constant. A 0-:97% solution gave ai; — 1-32° 

(l = 0-5) or [a]; = — 272°. 

_ This less soluble salt was decomposed by warming with aqueous 
potassium carbonate. The filtrate from cinchonidine was extracted 
repeatedly with chloroform to remove any traces of the alkaloid 
remaining in solution. The levorotatory potassium salt (0:99% 

Solution) gave « — 0-87°, [«]** = — 176-1°, [My°* = — 1204° 
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(Found: total N, 12-4; azo-N,, 8-1,8-15. C,.H,,O,N,S.K, requires 
total N, 12-3; azo-N,, 8-2%). . 

The dextrorotatory potassvum salt. The cinchonidine salt of the 
dextrorotatory acid was isolated by concentrating the mother- 
liquor from the foregoing less soluble cinchonidine salt. The more 
soluble portions were crystallised repeatedly from alcohol until 
the rotation was constant; a 0-99% solution gave « — 0-29°; 
[a] = — 58-4°. 

The cinchonidine was then set free by aqueous potassium carbon- 
ate and the last traces were removed by chloroform. The aqueous 
solution slowly deposited the dextrorotatory potassium salt; a 
0:9779%, solution gave «+ .0-82°; [a] = + 167-8°, [M]}* = 
+ 1147-8° (Found: K, 11-5; azo-N,, 8-1. C,,H,,O,N,S.K, requires 
K, 11-4; azo-N,, 8:-2%). . 

The levo- and dextro-rotatory potassium salts as obtained by 
the resolution with cinchonidine are in agreement with regard to 
optical activity, whereas the levo-salt obtained through the strych- 
nine resolution is more active. These differences, although not 
entirely explained, are not due to contamination with alkaloids, 
for these were recovered quantitatively. The resolution was 
probably more complete in one case than the other. ) 

In the course of the attempts to isolate the dextro-form of the 
dye the following alkaloidal salts were prepared: Morphine salt, 
brownish-yellow precipitate insoluble in water or organic media, 
charring at 184°; codeine salt, a viscid, brownish-yellow mass 
more soluble in water than the other alkaloidal salts; cinchonine 
salt, brownish-yellow, amorphous powder fairly soluble in alcohol 
or chloroform, less so in acetone, but practically insoluble in ou 
media or water; decomposed at 192°. : 

meso-Di-4'-sulphobenzene-4-disazodiphenyl-By- -diamino- n-butane. — 
This substance was prepared in order to complete the series dl, 
d, l, and meso of the stereoisomeric azo-acids by adding 0-9 g. 
(1 mol.) of meso-diphenyl-fy-diamino-n-butane dissolved in 1 ce. 
of concentrated hydrochloric acid and 5 c.c. of water to a solution 
of benzene-p-diazoniumsulphonate from 1-3 g. (2 mols.) of sulph- 
anilic acid. The dark red meso-azo-dye was precipitated (yield 
87%). It was slightly soluble in alcohol or glacial acetic acid 
and almost insoluble in other organic media or water. It was 
purified through the potassium salt (Found: K, 11:5; 8, 93. 
C,,H,,O,N,S.K, requires K, 11-4; 8, 9-35%). 

This meso-azo-acid and its salts are more stable and less soldi 
than the corresponding externally compensated compounds. 7 
codeine salt of the meso-acid is very insoluble, thus differing 
the codeine salt of the dl-acid. ; A 


¢ a 
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Rates of Absorpiion by Wool of the Stereoisomeric Azo-dyes (dl-, 
j-, l-, and meso-forms).—The experiments with the four stereo- 
somerides were arranged to run concurrently, the dyeings being 
sarried out in a thermostat at 20°. At intervals of 3, 24, 48, 72, 
wd 96 hours, 5 c.c. of solution were removed and the amount of 
wo-dye was estimated by titration with dilute titanous chloride. 
The solutions of the dyes were made in 50% acetic acid. 


I. Racemoid form: 2-4642 g. of wool in 100 c.c. of solution with 0-4576 g. 


of dye. 
Il. Dexiro-form: 2-4886 g. of wool in 101 c.c. of solution with 0:4621 g. 
of dye. 
fh. eee: 2-4691 g. of wool in 100-2 c.c. of solution with 0-4555 g. 
dye. 
Y. Meso-form: 2:5007 g. of wool in 101-5 c.c. of solution with 0-4644 g. 
of dye 
Amount (g.) in 5 c.c. of solution. 
Time ———_——————— >—————_Y 
(hours). 1 If. III. IV. 
0 0-02288 0-02288 0-02288 0-02288 
3 0-02276 0:02265 0-02278 0:02277 
24 0-02153 0-02144 0-02164 0-02205 
48 0-02024 0:02016 0-02033 0-02138 
72 0-01923 0-01909 0-01933 0-02081 ; 
| 96 0-01887 0-01866 0-:01896 0-02047 


These tabulated data show that the dextrorotatory isomeride 
8s absorbed by wool at a consistently though only slightly faster 
‘ate than the racemoid form and that the levorotatory form is 
vbsorbed less rapidly than either the dl- or d-form, which result 
s in agreement with the polarimetric indications obtained (p. 1736) 
n the experiments on the selective action of wool on the race- 
noid azo-dye. A slight development of levorotatory activity was 
letected in the dye-bath. 
The meso-form is absorbed less readily than any of its three 
somerides. 
| The differences in the rates of absorption of the d- and /-forms 
show that selective absorption from a racemoid mixture is quite 
feasible, but in the case of the sulphonated dyes examined in the 
sreceding experiments the differences were not sufficiently large 
0 admit of direct measurements of optical activity. Hence further 
*Xperiments were made with less acidic carboxylated azo-dyes. 
di-trans-2’-Carboxybenzene-4-azodiphenyl-By-diamino-n-butane (V1). 
—An ice-cold solution af benzene-1-diazonium-2-carboxylate, pre- 
dsared from 5 g. of anthranilic acid (1 mol.), 3-5 ¢.c. of concentrated 
tydrochloric acid and 2-5 g. of sodium nitrite in 60 c.c. of water, 
vas added to 4-25 g. (1 mol.) of dl-diphenyl-8y-diamino-n-butane 
lissolved in 15 c.c. of water containing 2 c.c. of glacial acetic acid 
id 2-5 g. of sodium acetate, when a dark red dye was precipitated. 
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After 3 hours the coupling was completed by warming on the 
water-bath. The dye was then collected and washed with ether 
to remove salicylic acid formed by hydrolysis of the diazonium 
salt (yield 78%). 

Crystallised from 50°% acetic acid, the red azo-dye separated in 
small, dark red needles, decomp. 113°. It was readily soluble in 
glacial acetic acid, less soluble in methyl and ethyl alcohols, and 
sparingly soluble in water. It exhibited amphoteric properties, 
being soluble either in mineral acids or in aqueous ammonia. The 
atter solution was used in purifying the dye, for on concentration 
the ammonium salt crystallised. The free acid was subsequently 
crystallised from glacial acetic acid (Found : total N, 14-6; azo-N,, 
7-1, 7:15. Cy3H,,0.N, requires total N, 14:4; azo-N,, 7-2%). 
These analyses show that the compound is a mongs Zou only 
one diazo-group being coupled with the diamine. 

The monoazo-colouring matter dyed wool in brownish-red shades 
and silk in dark salmon shades. Experiments were made with 
this racemoid monoazo-dye with. varying conditions as to solvent, 
time of contact, and concentration of solution as with the racemoid 
sulphonated disazo-dye, but in no case was there any indication 
of optical activity. 

Resolution of the Racemoid Carboxylated Dye.—The strychnine 
salt was obtained as a red precipitate on adding 1:8 g. of strychnine 
hydrochloride (1 mol.) in 25 c.c. of water to 2 g. (1 mol.) of the 
ammonium salt of dl-trans-2’-carboxybenzene-4-azodiphenyl-fy- 
diamino-n-butane dissolved in 50 c.c. of water. This salt dis- 
solved readily in alcohol or chloroform, more sparingly in acetone, 
but was practically insoluble in other organic solvents and in 
water. From its alcoholic solution the salt separated on slow 
evaporation in small needles, decomp. 121° (Found: total N, 
11-8; azo-Ng, 3:8. Cyg3H,,0,N,,C.;H_,0.N, requires total N, 11-6; 
azo-N,, 3: 9%). 

Resolution was efiected by repeated crystallisation in absoliie 
alcohol until a constant value was obtained for the optical activity; 
1% alcoholic solutions were employed with light of wave-length 
6708 A. A 1-:02% solution gave «— 0-41° (/=0-5); [af* = 
— 80:5°. This strychnine salt was decomposed by warming gently 
with the calculated amount of ammonium carbonate in aqueous 
solution. ‘The strychnine was precipitated, and the solution ex- 
tracted repeatedly with chloroform to remove traces of the alkaloid. 
The filtrate was concentrated in a vacuum at the ordinary tem- 
perature until the ammonium salt crystallised. Approximately 
1% aqueous solutions of this ammonium salt were examined polari- 
metrically. A 1-10% solution gave «— 0-24°; [a]® = — 43-7, 
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hence [M]'* = — 169-6° (Found: azo-N,, 6-8. C,,H,,O,N; 
squires azo-N,, 6-9%). 

Attempts were now made to isolate the dextro-form of the azo- 
pmpound from the more soluble mother-liquors from the /-strych- 
ine salt, but it was found impossible to obtain an even slightly 
extrorotatory ammonium salt. Other alkaloids such as brucine, 
iorphine, codeine, cinchonine and cinchonidine did not assist in 
ringing about this resolution. 
dl-cis-2’-Carboxybenzene-4-azodiphenyl-By-diamino-n-butane (V).— 
nthranilic acid was diazotised and coupled with meso-dipheny]l- 
y-diamino-n-butane, when, owing to the circumstance that the 
jazonium carboxylate coupled with the diamine in molecular 
roportions, the resulting monoazo-derivative was no longer a 
yeso-compound having internal compensation, but was capable 
f resolution. 

The red dye crystallised from 50% acetic acid in small, red 
eedles, decomp. 116°; its solubility and dyeing properties are 
imilar to those of the corresponding dl-trans-compound (Found : 
Z0-N., 7-15. C,,H,,0,.N, requires azo-N,, 7:2%). 

Rates of Absorption by Wool of the Stereotsomeric Carboxylated 
lzo-dyes—The experiments were carried out precisely as de- 
sribed on pp. 1732, 1739, excepting that the solutions were made 
p with 30% acetic acid. | 


I. dl-trans-Form: 5-0116 g. of wool in 200 c.c. of solution with 1:2768 g. 


of dye. 
Ul. l-trans-Form: 5-1334 g. of wool in 205 c.c. of solution with 1-3074 g. 
of dye. 
Mf. di-cis-Form : 5-0521 g. of wool in 201-6 c.c. of solution with 1-2870 g. 
. of dye. 
bo Amount (g.) in 5 c.c. of solution. 
} Time —~ 
! (hours). Le EL Ii. 
0 0-03192 0-03192 0-03192 
3 0-03148 0:03151 0-03150 
24 0-02802 0:02929 0:02849 
46 0-02503 0-02685 0:02546 
. 72 0:02359 0-02454 0:02377 
98 0:02282 0:02337 0-02298 
120 0-02253 0-02283 0:02263 


The foregoing data showed that the cis- and trans-dl-forms were 
sorbed at practically the same rate and that the active levo- 
”m was absorbed less rapidly than the corresponding racemoid 
rm, the difference in these rates of absorption being rather greater 
tan in the case of the sulphonated azo-dyes. 


Note on the Sulphonation of dl-Diphenyl-@y-diamino-n-butane. 


Treatment of this diamine with oleum (up to 20% SO,) led to 
ydrolytic decomposition, so that the sulphonated product was 


iv 
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sulphanilic acid. Chlorosulphonic acid also gave rise to con 
plicated reactions and the formation of complex sulphonate 
sulphones. By neither treatment was a simple sulphonated prc 
duct of the base obtained, so that the attempt to resolve th 
di-diamine through its sulphonic acid was abandoned. 


The authors desire to express their thanks to the Researe 
Committee of the University of Birmingham and to the Advisor 
Council of. the Department of Scientific and Industrial Researe 
for grants which have helped to defray the expense of th: 
investigation. 
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CCXXXI.—Theories of Polar and Non-polar Fre 
Affinities. A Practical and Theoretical Reply t 
some Recent Criticasms and Comparisons. 


By Grorce Norman BurRKHARDT and ARTHUR LAPWORTH. 
In a paper by C. K. Ingold (J., 1924, 125, 93) the following sentence 


occur : 

“The establishment of this formula provides an interesting tes 
of the hypothesis by means of which so many obscure points I 
chemistry are nowadays ‘ explained.’ In nitrosobenzene oxygen! 
the ‘ key-atom ’(Lapworth, T., 1922, 121, 416), and the compoun 


may be represented as GLE N= rt 

The sentences are misleading in several ways. As only on 
reference to the literature is given, it is necessary to point out (1 
that Lapworth had never discussed the case of nitrosobenzene ani 
(2) that the phrasing of the second sentence shows that Lapworth 
conception of key-atoms is misunderstood. Ingold here, as else 
where (this vol., p. 514), confuses the conception with the earlie 
one of Fliirscheim. Both theories attribute to bivalent oxyger 
for example, a special capacity to afiect the properties of the rest ¢ 
the molecule; Fliirscheim’s theory, however, postulates a fixe 
configuration for each compound, and Lapworth’s (like that o 
Kermack and Robinson) does not. 

The assumption that all “‘ polarity theories ’’ conform to the sam 
regulations as Fliirscheim’s is the origin of a number of misdirecte 
criticisms. When the inaptness of this line of attack is realisec 
the critics substitute the objection that those theories are so flexibl 
as to have no prophetic power in potential test cases (compare C. K 


a 
: 
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nd HE. H. Ingold, this vol., p. 871). This peculiarity merely shows, 
owever, that the cases thought of are not test cases at all. Some 
eal test cases are mentioned later in the present paper. 

The doctrine that theories such as those of Thiele and Fliirscheim 
re not so flexible in their application as polarity theories is widely 
reached, and in view of its reappearance in the paper last men- 
ioned it becomes necessary to prove that it is a fallacious one, in 
airness to the theories disparaged. 

The theories of fixed non-polar free affinities * certainly give 
nequivocal and correct correspondence with fact, but only within 
ertain limited ranges. Outside those ranges they show on the same 
asis an unequivocal disagreement with fact. Thiele’s form 

explains’ the ordinary additive reactions of carbony] correctly, 
ut on the same principle foretells o-p-substitution in benzaldehyde. 
lirscheim’s form explains m-substitution in benzaldehyde, but 
ignally fails to explain the additive properties of carbonyl com- 
ounds. Flirscheim explains meta-substitution in benzalde- 
tyde by assuming that the agent first attacks the meta-carbon 
tom; but he explains cyanohydrin formation by assuming that 
he agent first attacks the oxygen atom (Chem. and Ind., 1925, 44, 
72). , 

Another excellent example of this is found in the explanation 
ffered for the addition of potassium carbazole to nitrobenzene, 
there the potassium attaches itself to an oxygen atom and the 
arbazole residue to the para-carbon atom (7bid., 173): or, looking 
titin a slightly different way, Fliirscheim here throws over his own 
wmula and adopts Thiele’s, its exact opposite. In these systems, 
herefore, there are nearly always two such possibilities and to 
uote Fliirscheim’s words in a similar connexion, ‘‘ whichever way 
he experiment goes, one of these alternatives is bound to fit and 
rhichever fits is adopted from case to case”’ (ibid., 1925, 44, 84). 
uch a process of reasoning is, of course, appropriate for the theory 
rhich deduces configuration from observed facts, but is not 
dmissible for one which claims to predict facts from a priori 
onsiderations. 

The claim that no arbitrary factor enters into the so-called 


* The description of an hypothesis or a theory such as that of Flirscheim 
s one of “‘ alternating affinity demand ’”’ cannot be used to distinguish it 
om theories of Kermack and Robinson or Lapworth which also postulate 
ternating affinity demands. It is necessary, therefore, to protest em- 
aatically against the terminology adopted in the above paper of Ingold 
id Ingold (loc. cit., p. 870) as likely to spread the perplexity to which one 
‘these authors has frankly confessed (this vol., p. 514, footnote). No 
aestion of priority can be admitted as sufficient reason for an implied 
‘stinction which does not exist. 
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predictions of the non-polar theories is therefore one which cann 
be taken seriously. No similar claim has ever been made by ai 
responsible exponent of the polarity theories which Ingold discusse 
Polarity theories are acknowledged to be ina state of evolution ai 
at present function properly as aids to interpretation, not , 
substitutes for intellectual effort. 

Polarity considerations solve some of the difficulties inseparab 
from the theories of Thiele and Fliirscheim and in a very simp 
and logical way, because, with a polar agent which has consiste} 
polar selectivity, it is evident that no matter what may be # 
dominant distribution of affinity in a molecule attacked by th 
agent, the free affinity will not be effective but rather inhibitr 
if it is associated with an electrical charge of the wrong sign. Tht 
the dominant phases of benzaldehyde, so far as activation of # 
nucleus by the oxygen is concerned, are probably those correspon 
ing with conjugated forms of the Thiele type (1). | 

CH:=:0--- HO= 
I |H 


This corresponds with Robinson’s “ crotonoid’’ forms (Che 
and Ind., 1925, 44, 456) and the polarities of the excess free affiniti 
in the o- and p-carbon atoms are mainly positive, as the relatic 
of these positions to the predominating key-atom in the conjugate 
system shows. ‘The ordinary types of substitution in benzene, suc 
as nitration, sulphonation, bromination, and diazonium coupli 
require a negative free affinity at the carbon atom at which subst 
tution of hydrogen takes place. Consequently with benzaldehyd 
phases of the above type are almost or quite inert towards suc 
agents, substitution is very slow and perhaps takes place on 
in other phases of rare occurrence in the reacting system. 

The circumstance that benzaldehyde is not known to pick 1 
negative ions like cyanidion at the o- and p-positions in the nucleu 
although it does so readily at the carbonyl carbon atom, is not: 
the least incompatible with the above view. The addition reactio1 
of a«af-unsaturated carbonyl compounds with electrolytes ai 
reversible, and in view of this, as well as the known tendency ' 
dihydro-derivatives to revert to benzenoid types, it is practical 
certain that the expected addition product (IT) is a compound whit 
would not exist in any considerable proportion in equilibrium wil 
benzaldehyde and hydrogen cyanide. By introducing any othi 
conditions which would permit the initial addition compound wil 


: 
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hydrogen cyanide to revert to an aromatic type in a diflerent way, 
svidence might be obtained of the formation of that compound ; 
such a condition would possibly be providedin o-bromobenzaldehyde, 
us the addition product here could react as follows if czs-trans change 
sceurs before reversion : 


a —O H—C-_O BC 
is CN > wise B > BA + HB 
K ae r = r 
( \SBr (\<cn fia 
\ \4 G7 


_ This case would be exactly comparable with the ready replacement 
xf halogen by hydroxy] in the o- and p-chloronitrobenzenes, which 
s claimed, not as a prediction from polar theories, but only as part 
of the evidence in favour of them. 

_ Not less important and obviously very intimately connected with 
she known reversibility of the negative ion additions to «8-unsatur- 
vied compounds, is the circumstance that tervalent carbon appears 
30 tolerate a positive charge much more readily than it does a 


B 
regative charge, and CH, has frequently been detected by Sir J. J. 


[homson in vacuum-tubes but CH, never. Other things being 
2»qual, therefore, positive free valencies on aromatic carbon and on 
sthylenic carbon appear inert in comparison with negative free 
valencies. 

_ In the case of phenol ethers, dialkylanilines and many others, 
she dominant conjugated forms or phases also have their excess free 
iiinities in the o- and p-positions. Their structures, apart from 
dolarities, correspond with Fliirscheim’s idea (III), 

SpA | 

| fp.3088 7 yes maven as 

| 


te Cy 


. 


(IV.) 


yut here the excess free affinities on the carbon atoms in the nucleus 
ire negative ; hence ordinary substitution compared with substitution 
n benzene is very rapid, and certain active positive ions (e.g., 
liazonium ions) can attach themselves to the active o- and p-carbon 
toms, but never negative ions. Form (III) also corresponds with 
Xobinson’s “ crotenoid’”’ forms (loc. cit.). If the two exterior 
toms in (I) are singly bound to each other, conjugation can take 
dlace only to that very limited extent which corresponds with the 
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relatively feeble transmission of alternate polarities through tw 
single bonds. 

The third type of conjugation, present in styrene, leads, in tk 
ring, to excess valencies in the o-p-positions (IV); this obvious 
facilitates substitution in the nucleus when the excess free affinitic 
_ in the nucleus are the negative ends of the conjugated systems an 
o-p-substitution therefore results. In phases where these affiniti 
represent the positive ends, substitution takes place at the carbo 
atom once removed from the nucleus, where the negative free affinit 
is now found, so that, in competition with a group like carbom 


(and a fortiori with a group of the type O-ORK which, by conjt 


gation, normally produces only phases with inhibited reactivit 
towards ordinary substituting agents, the group CXK=CYH wi 
normally appear by far the more effective. «-Methoxystyren 
provides an instance of such competition within the same side-group 

The present position is therefore this. Supporters of pole 
theories accept the general ideas of conjugation and of alternat 
affinity demand, but do not admit that there is any real distinctio 
between these two conceptions. They hold, however, that thes 
ideas have often been wrongly applied, and have little real predi 
ative power until polar considerations are introduced. It is equall 
true that the principle of induced alternate polarities is likely to b 
barren until considered simultaneously with conjugation and othe 
factors; but this was pointed out in Lapworth’s original paper (Men 
Manchester Phil. Soc., 1920, 64, ii, 10, last par.) which, it wae 
seem, is rarely consulted. 

In the original paper (lec. cit., p. 6), where the general idede | 
‘‘key-atoms’”’ was broadly indicated, the molecule of formic aci 
was selected to illustrate that idea. It was explained that i 
considering different properties of formic acid sometimes oxygen an 
sometimes hydrogen was considered to be the “key-atom.” Th 
‘“‘key-atom ”’ in fact, as imagined by Lapworth, is not always th 
same in the same compound, but is any atom to the alternat 
inductive effect of which certain properties of the molecule are dui 
On this conception, the effects of two “ key-atoms ”’ may be supei 
imposed—perhaps are always so to some extent—or may so operat 
that each in turn may determine the properties in different phase 
of the same molecule (loc. cit.). The expression “the key-atom | 
should be applied only to the atom which is considered respor 
sible for a certain effect and not merely to the one which produce 
the most striking effects or even to one which has an effect on ever 
property. A suggestion often heard that the introduction of th 
term ‘ key-atom ” aig: corresponds with a christening | | 

4 


| 


THEORIES OF POLAR AND NON-POLAR FREE AFFINITIES. 1747 


‘liirscheim’s fixed and also non-polarising atom is therefore but a 
uarter-truth. | 

It is possible now to return with advantage to Ingold’s statement, 
iven at the beginning of the present paper. 

As Ingold, with Weaver, has already pointed out (J., 1924, 125, 
458), there are many close analogies between the addition reactions 
f the nitroso-group and those of carbonyl. In fact, it may be said 
hat in such cases no evidence has ever been obtained that requires 


he introduction of the scheme C,H;—N HG) In reactions where the 
xygen is not directly involved, Ingold’s remarks could not in any 
ase apply. 
Ingold, however, in the paper first quoted, claimed to have 
roved that when nitrosobenzene combines with (a) methylene- 
nilines, compounds with four-membered rings are formed, the 
irection of addition being exactly the opposite of what the usual 
olarity ideas demand. In the later paper with Weaver (loc. cit.) 
e made similar claims for the reactions of nitrosobenzene with 
») hydrocarbons like styrene and diphenylethylene, (c) with 
i1ethylenemalonic ester respectively. 
Whilst his later experiments on nuclear substitution in nitroso- 
enzene and «-methoxystyrene (this vol., pp. 513, 870) introduce 
o new theoretical difficulties (having given exactly those results 
hich were to be expected), his interpretations of those three types 
{ reaction mentioned in the preceding paragraph are difficult to 
sconcile with the usual polar additive properties of the compounds. 
s these interpretations were apparently based on very slender 
cperimental evidence, it was decided to re-examine these three 
ghly interesting cases. The fallacy in case (c) has already 
2en detected and may now be dealt with. 

Ingold and Weaver (J., 1924, 125, 1459) found that nitrosobenzene 
ad ethyl methylenemalonate combined to give a crystalline com- 
ound. They describe some of the properties of the compound in 
ie following terms: “it gives no colour with ferric chloride, no 
{per salt, and is oxidised by alkaline permanganate only with 
fiiculty.”” The constitution ascribed to it was (V) and the forma- 
n of this compound was included among the cases in which “ the 
ection of the addition is contrary to the indications of the polar 
‘eory.” It was maintained that the polarity theory requires the — 
irmation of (V1). 

(V.) “Rl CH,—C(CO,Et), (VI.) 

CaN O N:C,H; 

“ie present authors first prepared the product by the same method, 
lit observed that, although no crystalline copper derivatives could 
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be isolated, with their specimens a strong maroon coloration wa 
always produced when copper acetate was added to an alcohol 
solution of the compound. 

The compound was a very sensitive one and was rapidly oxidise 
even in the cold by alcoholic ferric chloride, the odour of nitrog 
benzene becoming very perceptible in a minute or two; nitrox 
benzene was easily isolated by diluting the resulting solution wit 
water and extracting with ether. Although apparently stable it 
aqueous permanganate, doubtless owing to its sparing solubilityi 
water, the compound was rapidly oxidised by permanganate in col 
acetone. It was evident that the properties of the compound wei 
not consistent with the ring formula previously ascribed to it. A 
Ingold and Weaver had furnished no direct evidence that tk 
oxygen atom of the nitrosobenzene had taken any part in the act 
union, the following experiment was tried : 

Ethyl hydroxymethylenemalonate (3 g.) is dissolved in 60% & 
methyl alcohol (10 c.c.), 8-phenylhydroxylamine (2 g.) is adde 
when the solid dissolves at once. After 1 or 2 minutes, water 
added in sufficient quantity to cause a turbidity. (In the fir 
experiment no crystals were deposited until a trace of the soli 
prepared by Ingold and Weaver’s method, was introduced, when th 
whole at once set to a sludge of needles which increased in quantit 
on further addition of water.) The product (83—3-5 g.) is filtere 
off, dried, and crystallised from dilute methyl alcohol. The cor 
pound so made forms slender needles, m. p. 98—99°, and is identic¢’ 
in all respects (including the intensity and duration of the coloratic 
given in alcoholic fas with copper acetate) with the compoun 
previously described as “‘ ethyl 2-phenyldimethylene-1 : 2-oxaimim 
4:4. SMe peel * (Found: C, 60:0; H, 6-4. Calc., C, 60- 
H, 61% 

The Gehan then, is one of the possible dynamic iscme 
of the N-phenyloxime of the ester-aldehyde O:CH-CH(CO,Et) 
of which ethyl hydroxymethylenemalonate, HO-CH:C(CO,Et) 
is the enolic form. The N-phenyloxime of this aldehyde-est 
would be O:N(C,H,):-CH:CH(CO,Et), or, in modernised form) 


Sa¢€ 
6-N(C,H,):CH-CH(CO,Et),. The dynamic isomeride of this corr 
sponding with ethyl hydroxymethylenemalonate is of cout 
HO-N(C,H;)-CH:C(CO,Et), and it is scarcely possible to state wit 
certainty to which of these formule the solid itself correspond: 
The behaviour of the compound in alcoholic solution with copp 
acetate, however, recalls that of the monoalkylated acetoacetic ester 
which also give evidence of the formation of dissociable copp( 
derivatives in similar circumstances, It is as likely as not, therefor) 


THEORIES OF POLAR AND NON-POLAR FREE AFFINITINS. 1749 


non-hydroxylic form, or dicarbethoxymethyl-N -phenylnitrone, 
esponds with the solid and with the one which preponderates 
olution. Reference may be made to the work of Alessandri 
yetta, 1924, 54, 426) and others on the formation of N-phenyl- 
ones from nitrosobenzene and ethylenic compounds. 
m the polarity theory, the first step in the process of union of 
ethylenic portion of ethyl methylenemalonate with nitroso- 
zene must be the union of the tervalent nitrogen of the nitroso- 
1p with the $-carbon atom of the ester. This carbon atom has 
ery marked and quite consistent latent or real positive polar 
racter and the first addition process corresponds with ammonium 
formation : 


e 
CH,—C(CO,Et), Eid CH, [C(CO,Et)s] yqy.) 
O=N:C,H, O=N-C,H, 
t 


his initial product (VII) is a bipolar ion (to adopt Lowry’s 
venient nomenclature), or internal ammonium salt; the signs 
wn in circles are electrical charges, the positive charge being 
ciated with the ammonium residue; the negative charge is 
2 associated with a residue comparable in every way with the 
atively charged organic residue of ethyl sodiomalonate. 
tabilisation and internal neutralisation of this initial product 
sequently occur by “migration” of proton, or exchange of 
ion with the surrounding molecules in one or more of several 
sible ways. 
he above conclusions are wholly consistent with our knowledge 
aitrones, with Lapworth’s explanation of the polar additive 
tions of «8-unsaturated carbonyl compounds (J., 1904, 85, 1212), 
with Robinson’s interpretation of the polar reactions of nitroso- 
zene (Chem. and Ind., 1925, 44, 456). The formation of addition 
lucts of ammonia, and primary and secondary amines, with 
msaturated carbonyl compounds, nitriles, etc., can evidently 
explained on very similar lines, stabilisation and internal 
tralisation of the bipolar ions in such cases also taking place by 
oton migration or interchange, but in a slightly different mode. 
) will be instructive for those who have not previously followed 
various non-polar theories to their logical conclusions to observe 
i the 8-carbon atom of ethyl methylenemalonate is the one which 
S part in the actual union of the molecule of this compound with 
osobenzene. Now Fliirscheim’s theory of “orientation” in 
aromatic series postulates that the meta-orienting effect of 
group of compounds which includes carbethoxyl depends on the 
‘mption that these groups make a smaller affinity demand than 
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hydrogen, and this results in the development of an excess of f 
affinity at the meta-carbon atom in the ring, so that the age 
attacks the meta-carbon atom preferentially. Applying t 
argument to ethyl methylenemalonate, it is obvious that repla 
ment of two hydrogens unsymmetrically in the symmetri 
ethylene (VIII) by carbethoxyl must lead to the affinity dist 
bution represented by (LX): or, Ai et in words, the «-carb 


S-4&. 4A CO, Et 
(VIIL,) CH=CH, p.d088 CH =<: Et (IX.) 


atom must have now a greater amount of unbound affinity thant 
8-carbon atom and therefore the «-carbon atom should be the ¢ 
at which union with be ae takes place: a predicti 
which fails.” S.@« ~gas.n er 3083 . : 

It is not a little ropineee bles rudy that a reaction origina 
considered to be evidence against the polarity theory provides, wh 
more closely examined, the most elegant known demonstrati 
of the incorrectness of the Werner-Fliirscheim theory. Hithe 
the most complete disproof would have involved a lengthy mati 
matical demonstration that it is impossible to construct mass-l 
equations which shall be capable of explaining the kinetics of t 
addition of the elements of hydrogen cyanide to cyanoacrylic aei 
where the nitrile group corresponds with the carbethoxyl! grou 
(which correspond: closely with ethyl methylenemalonate in st 
ture), on any other hypothesis than that the first step in the additi 
process involves the union of the ®-carbon atom with cyanidi 
(W. J. Jones, J., 1914, 105, 1547, 1560. Compare also Lapwor 
J., 1903, 83, 995; 1904, 85, 1208). 

All these facts, together with what is known of the conditions 
formation and decomposition of the cyanohydrins of simple al 
hydes and ketones, show that the revival of the Werner-Flirsche 
hypothesis can only have the effect of diverting attention ir 
important issues which have not yet been decided. 

Lapworth stated in 1920 that bivalent oxygen is usually mi 
effective than tervalent nitrogen, but the statement had referei 
to statistical aspects only. Enough is known to show that ‘ 
dominance of either atom depends on many varying circumstan 
and the question whether these more frequently favour ba 
oxygen than tervalent nitrogen isnot worth debating. 

Note added July 12th, 1925.—Compare, on this point,. Chai ( 
Ind., 1925, 44, 713. 
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YOXXXIT.—The Estimation of Arsenic in Organic 
Compounds. 


By GrorcE NEWBERY. 


‘HE most accurate and trustworthy method for the estimation of 
rsenic in organic arsenical compounds is undoubtedly that in 
vhich the arsenic is oxidised by the Carius method to arsenic acid 
nd subsequently weighed as magnesium pyroarsenate. The 
nethods in general use which have been devised in the endeavour 
o combine the accuracy of this procedure with greater simplicity 
nd rapidity are those of Lehmann (Apoth. Ztg., 1912, 27, 545) 
nd the modifications suggested by Fargher (J., 1919, 115, 992) 
md Myers and Dumez (U.S. Public Health Rep., 1918, 33, 1003), 
hat of Ewins (J., 1916, 109, 1355) and of Robertson (J. Amer. 
Them. Soc., 1921, 43,182). The first of these involves a volumetric 
letermination of doubtful accuracy (compare criticism by Gooch and 
forris, Amer. J. Sci., 1900, 10, 151 and many others); the other 
wo are somewhat tedious in the procedure proposed for the 
lecomposition of the arsenical, and the high temperatures involved 
ender possible some slight loss of arsenic by volatilisation (Myers 
nd Dumez, loc. cit.). 

The use of ammonium persulphate (in conjunction with nitric 
cid) for this decomposition has been suggested by Rogers (Can. 
hem. J., 1920, 3, 398) and that of persulphate alone has long been 
mployed in these laboratories. The following process involves 
his method of oxidation. With the majority of substances to 
yhich the method has been applied a determination in duplicate 
an be completed in the course of an hour: with a few, the boiling 
own with persulphate has to be prolonged and even repeated with 
larger quantity, in order that a colourless solution may be obtained. 
‘he decomposition in the case of insoluble substances of acid 
haracter is facilitated by solution in caustic alkali before the 
ddition of persulphate, the acid being thus thrown out in a finely 
ivided condition. The details are as follows :— 

A mixture of the substance (0-2 g.), 20c.c. of water, and 4—5 g. of 
mmonium persulphate is heated to brisk ebullition in a 300 c.c. 
rlenmeyer flask, provided with a device to prevent loss by spraying. 
Vhen the mixture is quite colourless (usually less than 10 minutes 
s required), 40 c.c. of N-oxalic acid are added and the mixture is 
irther heated for 2 minutes after the noticeable evolution of carbon 
ioxide has ceased. 2N-Sulphuric acid (20 c.c.) and 10% potassium 
odide solution (10 ¢.c.) are then added, together with a fragment of 
orous pot. The mixture is once more vigorously boiled until the 
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liberated iodine has been almost completely expelled and tl 
solution is of a pale straw colour (about 15 minutes). This colo 
is discharged by the cautious addition of NV’ /20-sodium thiosulphat 
the mixture immediately diluted to about 100 c.c., 30 c.c. of 2) 
sodium carbonate are added, and the still acid solution is treat 
with a quantity of solid sodium bicarbonate about | g. in excess 
that required to render it neutral to litmus. The mixture is warm 
to 35—40° and titrated with N/10-iodine in presence of star 
solution until the blue colour is permanent. : 

Appended is a list of some of the results obtained with arsenic 
products of various types. The figures themselves have not bee 
specially selected and are in all cases duplicate determinations mac 
on the same sample in the ordinary course of work. | 


Substance analysed. As% found. As% calc 
Cacodylic acid ..........cceccsecescssescrssceecseceecceecs 54:5, 54-4 54:3 
3-Amino-4-hydroxyphenylarsenious oxide hydro- 

Chloride (LH,O) — ...creececscescssccsscveesececencsecens 29:8, 29-8 29:6 
Phenylarsinic acid ........eeceeredsccencgeceeserecccccees 37-2, 37-3 37-1 
p-Tolylarsinic acid ........ceeceeeeeeeecccecececeeeeeeeees 34:8, 34-7 34:7 
p-BeONZATSINIC ACID oo... eececcseccsvessccscescesercecees 30:6, 30-5 30°5 
P-ATEANILIC ACID —.....oererevscencecscereseesscereccceccece 34:5, 34-6 34-6 
3-Nitro-4-hydroxyphenylarsinic acid .........e+++e 28-5, 28-7 28-5 
3-Amino-4-hydroxyphenylarsinic acid ............04+ 31-9, 32-0 32:2 
3-Acetylamino-4-hydroxyphenylarsinic acid ...... 27:3, 27-4 27:3 
3-Carbethoxyamino-4-hydroxyphenylarsinic acid 24:6, 24-8 24:6 
2 : 2’-Dihydroxydiphenylcarbamide-5 : 5’-diarsinic 

BIG gonens od Pei evsih~ daasieaasnesakes one umatewmnned Oo nbe cates 30-6, 30-4 30-5 
Sodium N-phenylglycineamide-p-arsinate (an- 

hydrous tryparsamide)  .......sceseesseeeeereeceseees 25-5, 25-4 25-3 

As% four 
by Cariu 


As% found. method. 
3 : 3’-Diamino-4 : 4’-dihydroxyarsenobenzene 


hydrochloride (salvarsan) ....ececcscecesceeeesseeees 30:0, 30:1 30-05 
Sodium 3 : 3’-diamino-4 : 4’-dihydroxyarsenobenz- 
ene-N-methylenesulphoxylate (neo-salvarsan) 20-1, 20-2 20-1 
Researcn Laporatory, Messrs. May aNnD BAKER, LTD. - 
WaNnpbswortTH, S.W. 18. [Received, May 20th, 1925.] 
NOTES. 


Lithium Arc Spectrum for Polarimetric Use. By PERcy CORE! 

AUSTIN. 
By introducing lithium carbonate into the are produced betwee 
carbon, copper, or silver electrodes and using a direct-vision specw 
scopic eyepiece of high dispersive power it is possible to read extin 
tions quite easily, not only for the red line at 4 = 6708 A, togeth 
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ith the sodium line at 4 = 5893 A (Hunter, J., 1924, 125, 1401), 
ut also for the orange line at » = 6104 A, the blue line at 1 = 
602 A., and sometimes even the green line at 2 = 4972 A; but 
nis is much weaker than the others and of comparatively small 
nportance. The red line is very strong and persistent, whilst the 
lue line is a valuable addition to the list of lines in common use in 
leasurements of optical rotatory dispersion, since it lies in the rather 
ide gap between the dark blue cadmium line at 4 = 4678 A. and the 
ercury line at A = 4359 A. Moreover, it is brighter and more 
usily read than the dark blue cadmium line, when this is produced 
1 an open arc between electrodes of a cadmium-silver alloy. 

The red and blue lines of lithium are widely separated from each 
ther and can be read with sufficient accuracy to enable them to 
rve as standards, which are independent of the usual mercury 
nes, in calculating the constants of Drude’s equation. The most 
wtisfactory results were obtained with copper electrodes at right 
ngles to each other. The top of the vertical (positive) pole is bound 
ith thin copper wire to retain a small quantity of a paste of lithium 
arbonate and water, and a current of 4:5 amperes is used. The 
lue copper lines are too weak to interfere with the readings of the 
lue lithium line—WESTMINSTER TRAINING CoLLEGE, 130 HorsE- 
ERRY Roap, 8.W. 1. [Received, June 16th, 1925.] 


olassium Antimonoxalate. By Lustizr Henry AtFrrepD HoLmMeEs 
and Eustacr EBENEZER TURNER. 


RELIMINARY investigation of the antimonoxalates, which it was 
oped to resolve into optically active forms, has shown that 
ley are too unstable for the work in view. The potassium salt, 
© example, is described by different authors as having 2, 2, 3, 34, 
43, or 6 mols. of water of crystallisation (Hofmann, ‘‘ Lexikon 
2r anorganischen Verbindungen,”’ Vol. I, 2nd half, 1237; Beilstein, 
Handbuch,” 4th ed., Vol. II, 521). 

The potassium salt has been prepared by slowly adding freshly- 
‘ecipitated antimonious oxide to a boiling saturated solution of 
stassium hydrogen oxalate, filtering, and allowing to cool: it 
‘parated as star-shaped clusters of needles, which were once 
erystallised from water below 50° (at or above this temperature 
}was hydrolysed by water), and air-dried. The water of crystal- 
sation was not completely removed even in a vacuum at) 140°, 
id the determination of water was effected by ignition in a tube, 
ie. (Found: K, 21:6; Sb, 22:5; ©C,0,, 49:2; H,O, 6:8. 
g5b(C,0,),,2H,O requires K, 21:8; Sb, 22:35; C©,O,, 49-15; 
20, 6-7%). 
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It is probable that previous workers overlooked the extremel 
unstable nature of the salt, and were dealing with impure specimen 
since it is unlikely that they would have obtained higher hydrat 
than that now described, which separated at low temperatures. — 

The expense of this work was met by a grant for which the autho: 
are indebted to the Research Fund Committee of the Society.- 
East Lonpon Co~uecs, Untversiry or Lonpon. [Received, Ju 
Ath, 1925.] 


A Simplified Method of Micro-combustion: the Muicro-Dennste 
Method. By Casmmir Funxk and Stanisias Kon. 


Some of the disadvantages of Pregl’s method of microanalysis hay 
been overcome by Dubsky (see Houben-Weyl, “ Methoden di 
Organischen Chemie,’ IT. ed.), but the apparatus required is som 
what complicated. We have devised a simple and accurate proce 
by an adaptation of Dennstedt’s method. The combustions a 
carried out in a pyrex tube, 43 cm. long, of the usual Pregl patter 
but fitted with an inner tube 22-5 cm. in length, of which 13-5 er 
are inserted into the tube, and a diffusion stopper providing 
double supply of oxygen. The filling consists of a platinum conta 
“ star,’ 6 cm. long, and three boats, 7-5 cm. long, one containil 
molecular silver and the others lead peroxide and red lead. ‘TI 
tube is heated in a Dubsky furnace terminated by a “ regeneratil 
block ” kept at 150—170°; the burners are arranged as in tl 
Dennstedt process, so that the contact star can be heated to redne 
while the portion of the tube containing the absorbents is kept : 
about 320° with the aid of the tubular burner. Three Blum 
absorption tubes, each weighing 14—17 g. when full, are use 
filled as recommended by Dubsky; these tubes must always | 
used in the same direction. A bubble-counter is attached to # 
third tube. The capillary rubber tubing used for all connexions 
specially treated, and the absorption tubes are cleaned and weighe 
according to Pregl’s directions. It is advisable not to wipe t 
stoppers after a combustion to avoid the risk of removing smi 
traces of vaselin. The absorption tubes are weighed filled wi 
oxygen and should be refilled with dry oxygen if not used for 
day or more. 
A newly-fitted combustion tube is burned out in a stream 

oxygen for 14 hours. A small platinum boat containing t 
substance to be analysed (5—9 mg.) is placed in the inner tube 

the combustion tube, the double oxygen supply carefully adjuste 
and the combustion carried out as described by Dennstedt. It 

particularly important to maintain a sufficiently rapid outer strea 
of oxygen to prevent backward diffusion of the combustion produc! 
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specially when dealing with volatile substances. ‘The combustion 
fakes 40—50 minutes, including the time (20 minutes) required to 
jrive off the water formed; the absorption tubes are then detached, 
and weighed after 20 minutes. 

The following precautions are essential : (1) a sufficient supply of 
oxygen must be maintained, the outer stream at the rate of two 
bubbles a second with a bubble-counter 1 mm. in diameter; (2) a 
zood analysis can be obtained only after a satisfactory blank or a 
successful combustion. Otherwise the process requires no special 
fare. The progress of the combustion can be watched so that any 
tregularity is noticed at once, the filling of the tube is simple, and 
ihe large absorption tubes do not require refilling for a considerable 
ime. 

We obtained consistently high results in the estimation of 
uitrogen by Pregl’s method until we placed the layer of reduced 
sopper at the end of the tube as in Dubsky’s process; this arrange- 
nent obviated the dissociation of the carbon dioxide into carbon 
monoxide and oxygen. A very slow stream of carbon dioxide 
generated in a Kipp apparatus was maintained throughout the 
sombustion; and no difficulty was experienced in getting air-free 
varbon dioxide when Pregl’s directions for the filling of the Kipp 
ipparatus were carefully followed.—Sratr ScHoot or HyGIENE, 
Warsaw, Potanp. [Received, April 15th, 1925.] 


COX X XIII.—Arylselenoglycollic Acids. 


By Gipert T. Morean and Witt1am Henry Porrirt. 


ARYLSELENOGLYCOLLIC acids are obtainable by the following 
rocess, which avoids the use of hydrogen selenide and is of general 
ipplication. The first step, due to Taboury (Bull. Soc. chim., 
1903, 29, 761), depends on the interaction of elemental selenium 
md a magnesium aryl bromide. 

The additive product of the Grignard reagent and selenium is 
lecomposed with ice and hydrochloric acid, and the arylseleno- 
nercaptan, extracted as alkali salt from its ethereal solution, is 
ondensed with sodium ‘chloroacetate in aqueous alcoholic solution. 
Che process is summarised in the following scheme : 


Aryl‘MgBr —> Aryl-'Se-MgBr —> Aryl-SeH. 
Aryl-‘SeNa + CH,Cl-CO,Na = Aryl-Se-CH,°CO,Na-+NaCl. 


During its extraction with aqueous alkali 15—20% of the seleno- 
aercaptan undergoes aerial oxidation to the corresponding diaryl 
liselenide, Aryl: Se- Se-Aryl. 

The arylselenoglycollic acids (yields 20—25°%),: when liberated 
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by mineral acids from their alkali salts, are well-defined, colourless 
solids, easily soluble in organic media, crystallising from hot water 
on account of their more sparing solubility in the cold solvent. 

In general stability, the arylselenoglycollic acids resemble their 
sulphur analogues; ‘they melt without decomposition and are 
not attacked by boiling mineral acids. Unlike the acids of the 
sulphur series, however, these selenium derivatives do not exhibit any 
marked tendency towards ring formation under the influence of 
chlorosulphonic acid at temperatures ranging from —5° to 40°, 
No seleno-indoxylic substances are produced and the products 
isolated resemble the decomposition products of the dichlorides 
of the arylselenoglycollic acids. This observation indicates that 
the chlorosulphonic acid contributes chlorine to the side chain, 
which radical subsequently undergoes complex condensation. 
That the valency of the selenium tends to increase is shown by 
the formation of crystalline chloro- and bromo-additive products 
on introducing these halogens into chloroform solutions of the 
arylselenoglycollic acids. The additive products of bromine are 
of two types, respectively yellow and red in colour, corresponding 
to the di- and tetra-bromides. They are easily hydrolysed with 
the formation of brownish-red oils, a complex change also occurring 
with the dihalogenides of the arylthioglycollic acids (Pummerer, 
Ber., 1909, 42, 2275). 

Acidified permanganate solutions are decolorised by the aryl- 
selenoglycollic acids, probably with the formation of selenones. 
With 25% hydrogen peroxide in glacial acetic acid solution, the 
acids undergo direct oxidation with considerable evolution of 
heat to furnish well-defined, crystallisable arylselenoxyglycollic 
acids, Aryl*Se-O-CH,°CO,H (yields 95%). 

Excess of hydrogen peroxide produces no further oxidation, 
although potassium permanganate is discoloured. This behaviour 
towards oxidising agents is similar to that of the aryl disulphides 
and thiodiglycollic acid (Gazdar and Smiles, J., 1908, 93, 1833: 
Hinsberg, Ber., 1908, 41, 2836). 

The arylselenoglycollic acids are very resistant to nitric acid 
and in Carius determinations the temperature must be maintained 
at 250° for several hours; they develop characteristic colours with 
concentrated sulphuric acid, the tint varying with the nature ol 
the aryl radical present. 

Both the arylseleno- and arylselenoxy-acids form soluble alkali 
and ammonium salts, the latter being readily dissociated. The 
alkali salts of the seleno-acids are stable towards alkali fusion at 
250°. The silver salts of both series are only very slowly affected 
by light. 
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EXPERIMENTAL. 


I. Arylselenoglycollic Acids. 

1. Phenylselenoglycollic Acid, C,H;-Se-CH,-CO,H.—Twenty g. 
of finely powdered selenium were added slowly to magnesium phenyl] 
bromide, from 39 g. of bromobenzene and 6 g. of magnesium in 
dry ether; brisk effervescence occurred and the mixture was cooled 
in ice, the reaction being afterwards completed by warming on a 
water-bath. ‘The cooled mixture was poured on to ice and hydro- 
shloric acid, when a small quantity of hydrogen selenide was evolved 
and red selenium separated. The ethereal layer was extracted 
rapidly with 7 g. of caustic potash (100%) in 60 c.c. of water, and 
to the aqueous solution were added 100 c.c. of alcohol and a solution 
of sodium chloroacetate (from 6-7 g. of sodium carbonate and 11:8 g. 
xf monochloroacetic acid). Heat was generated and the sodium 
salt of the glycollic acid was precipitated as a white powder. The 
reaction was completed on a water-bath, and on concentrating the 
olution to half its bulk, sodium phenylselenoglycollate crystallised 
n pinkish-white plates. Phenylselenoglycollic acid separated as a 
gale yellow oil on adding hydrochloric acid to an aqueous solution 
Mf its colourless, recrystallised sodium salt. This acid dissolved 
na large quantity of boiling water, separating therefrom as a colour-: 
ess oil, b. p. 160°/750 mm., which became crystalline on standing 
or several days; m. p. 40°. The potassium salt crystallised in 
‘olourless plates with a silvery lustre (Found: C, 44:6; H, 3-7; 
se, 36:7. C,H,O0,Se requires C, 44:65; H, 3-7; Se, 36-7%). 

Phenylselenoglycollic acid, which dissolved in the majority of 
rganic solvents, was only sparingly soluble in cold water; its 
queous solution was acid to litmus. With concentrated sulphuric 
wid, it developed a deep purple coloration; its bright green copper 
alt was insoluble in water. 

2. p-Bromophenylselenoglycollic Acid, C,H,Br-Se-CH,-CO,H.— 
the condensation of 13-3 g. of selenium and the Grignard reagent 
rom 40 g. of p-dibromobenzene and 4 g. of magnesium powder in 
iry ether was completed on a water-bath and the cooled product 
ubsequently decomposed with ice and hydrochloric acid. The 
esulting p-bromophenylselenomercaptan was extracted with 5 g. 
f caustic potash and 50 c.c. of water, and to the alkaline solution 
0 c.c. of alcohol and an aqueous solution of sodium chloroacetate 
rom 8 g. of monochloroacetic acid were added. After warming 
m the water-bath for 30 minutes, the solution, on cooling, deposited 
odium -bromophenylselenoglycollate slightly pink in colour. 
‘he free acid crystallised from hot water in colourless, lustrous 
eedles, m. p. 127° (Found: OC, 32:7; H, 2-4; Se, 26-9; Br, 27-2. 
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C.H,O,BrSe requires C, 32:2; H, 2:3; Se, 26-9; Br, 27-2%) 
p-Bromophenylselenoglycollic acid dissolved readily in most organic 
solvents, but was only sparingly soluble in cold water to a solutior 
having an acid reaction to litmus. The silver salt was only 
slowly decomposed by light; the green copper salt was insoluble. 
A deep brown colour was developed in concentrated sulphuric 
acid. 7: 

3. p-Tolylselenoglycollic acid, CH,°CgH,SeCH,CO,H, prepared 
by the general method from magnesium p-tolyl bromide, separatec 
from acidified solutions of its recrystallised sodium salt. Wher 
crystallised from hot water, this acid was obtained in well-defined 
lustrous, acicular prisms melting at 98° and giving a carmine-rec 
coloration with concentrated sulphuric acid (Found: C, 47-1 
H, 4:4; Se, 34-4. C,H,,0,Se requires C, 47-2; H, 4:4; Se, 34:5%) 

The alkali and ammonium salts were colourless, crystalline sub 
stances soluble in water; the green copper salt was insoluble. 

4. «-Naphthylselenoglycollic acid, C,,H,-Se-CH,°CO,H, prepare 
by the general method from magnesium «-naphthyl bromide 
separated from acidified solutions of its sodium salt, and as an oi 
from hot water. On remaining in a vacuum desiccator for 3 week 
the oil crystallised to a product, m. p. 54°, which gave a greel 
‘coloration in concentrated sulphuric acid (Found : C, 54:3; H, 37 
Se, 29:7. C,,H,)0,8e requires C, 54:3; H, 3-8; Se, 29-8%). 


II. Arylselenoxyglycollic Acids. 

1. p-Bromophenylselenoxyglycollic acid, CgH,Br-SeO-CH,-CO,H 
separated in well-defined, colourless needles, m. p. 187°, when 6 e.c 
of hydrogen peroxide (25%) were added to 2:9 g. of p-bromophenyl 
selenoglycollic acid dissolved in glacial acetic acid, the solutio: 
being cooled to moderate the reaction (Found: C, 40:0; H, 2-2 
Se, 25-5. C,H,O;BrSe requires C, 40:0; H, 2-25; Se, 25-5%). 

»-Bromophenylselenoxyglycollic acid, which dissolved in chlore 
form or alcohol, was less soluble in ether than the selenoglycolli 
acid. It dissolved only very slightly in cold, but more so in ho 
water. The alkali and ammonium salts were colourless and soluble 
The pale blue copper salt: was insoluble. | | 

2. p-Tolylselenoxyglycollic acid, C,H,Me-SeO-CH,:CO,H, produce 
as in the preceding preparation, separated from glacial acetic ach 
in colourless crystals, m. p. 165° (Found : C, 44-0; H, 4-0; Se, 32:6 
C,H, 90,Se requires C, 44-1; H, 4:1; Se, 32:2%). 

Aqueous or acetic acid solutions of the foregoing arylselenox) 
acids liberated iodine from aqueous potassium iodide. | 
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III. Halogenides of Arylselenoglycollic Acids. 

1. p-Tolylselenoglycollic Acid Dibromide, C,H,Me-SeBr,CH,-CO,H. 
—A solution of 2-29 g. of p-tolylselenoglycollic acid (m. p. 98°) 
n 25 c.c. of dry chloroform was treated with 1-6 g. (1 mol.) of bromine 
ind left in a vacuum desiccator. The dibromide separated in 
‘lusters of golden-yellow needles, which decomposed between 90° 
ind 100° with evolution of bromine (Found: Br, 40:9; Se, 20-3. 
JgH,90,Br.Se requires Br, 41-1; Se, 20-3%). 

An aqueous solution of potassium iodide reacted with the di- 
romide, liberating iodine and regenerating a quantity of the original 
wid together with a proportion of the corresponding selenoxy- 
wid. ‘The dibromide was unstable in moist air and was easily 
iydrolysed, giving brownish-red oils of complex constitution. 

2. p-Tolylselenoglycollic acid tetrabromide, 

C,H,Me-SeBr,:CH,'CO,H, 

epared in a similar manner to that described above by the addition 
f 3-8 g. of bromine (20% in excess of 2 mols.) to 2:29 g. of p-tolyl- 
elenoglycollic acid dissolved in dry chloroform, separated in small, 
carlet needles which readily decomposed on warming (Found : 
ar, 58:3; Se, 14-4. C,H,,O,Br,Se requires Br, 58-3; Se, 14:4%). 
The tetrabromide was readily hydrolysed and liberated iodine 
rom an aqueous solution of the acid. 

3. p-Bromophenylselenoglycollic acid dibromide, 

C,H, Br-SeBr,°CH,°CO,H, 

repared as above from 2:94 g. of p-bromophenylselenoglycollic 
cid and 1-6 g. of bromine, formed golden-yellow crystals decom- 
osing at 120—130° with evolution of bromine (Found: Br, 52-8; 
e174. C,H.,O,Br.Se requires Br, 52-9; Se, 17-4%). 
4. p-Bromophenylselenoglycollic acid tetrabromide, 

C,H,Br-SeBr,-CH,°CO,H, 
repared from 2-94 g. of p-bromophenylselenoglycollic acid and 
‘8 g. of bromine in dry chloroform, formed scarlet needles which 
ecomposed on warming with evolution of bromine (Found: Br, 
pO; Se, 12-8. C,H,O,Br,Se requires Br, 65:15; Se, 129%). 
: 

The authors desire to express their thanks to the Government 
rant Committee of the Royal Society and to the University of 
irmingham Research Committee for grants which have helped to 
efray the expense of this investigation. 


University or BrrmMincHuaM, 
EDGBASTON. [Received, June 24th, 1925.] 
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CCX XXIV.—Aromatic Derivatives of Germanium, 
By Gupert T. Morean and Harry Dueatp Kerra Drew. 


WHEN germanium tetrabromide is treated with a large excess | 
magnesium phenyl bromide (36 mols.) it yields germanium tetraphen 
or tetraphenylgermane, Ge(CgH;),, triphenylgermanium bromid 
Ge(C,H;),Br, and the less phenylated germanium bromide: 
Ge(C,H,),Br, and Ge(C,H;)Brs. The first two products are readi 
separated, but the latter pair, which do not solidify whe 
mixed, have been identified by the isolation of their hydrolyt 
products. 

Hexaphenyldigermane, (C,H,;),Ge*Ge(CgH;)3, has not been detects 
among the products of the Grignard reaction, so that under the: 
experimental conditions there is little or no tendency for junctic 
of two atoms of the metal (compare with tin and lead), but @ 
compound is readily prepared by the action of sodium on # 
triphenylgermanium bromide. 


2GePh,Br + 2Na = PhgGe'GePh, + 2NaBr. 


The production of tetraphenylgermane and hexaphenyldigermai 
completes the following series :— 


CPh,. SiPh,. GePhy. SnPh,. PbPh,. 
M. p. 272° 233° 230—231°  225—226° 224995 

C,Ph,. Si,Ph,.  GePhe Sn,Ph,. Pb,Phy. 
M, pis 148-149", yyy B04" 340° 237° 155°* 


* These abnormally low melting points are due to dissociation. 


Hexaphenyldigermane when examined in dilute benzene solutio 
shows no recognisable tendency to dissociation. 

On hydrolysis the solid triphenylgermanium bromide yield 
triphenylgermanium oxide, (CgH;)3Ge-O-Ge(C,H5)s, correspondit 
with the silicon compound, Ph,Si:O-SiPh,. The analogue, Ph,Ge:0! 
of triphenylsilicon hydroxide was not isolated. 

Hydrolytic Products from Diphenylgermanium Dibromide a 
Phenylgermanium Tribromide—When only 5 molecular proportio 
of magnesium phenyl bromide are employed to one of germaniu 
tetrabromide, there is no formation of tetraphenylgermane but t 
product contains a mixture of mono-, di-, and tri-phenylgermaniu 
bromides. | 

Diphenylgermanium dibromide yielded on hydrolysis two we 
defined complex substances derived by dehydration from the hyp 
thetical dihydroxide or diol, (CgH;),Ge(OH),. These produc 
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which have considerable capacity for crystallisation, are trianhydro- 
letrakisdiphenylgermanediol, 
HO-GePh,*O-GePh,:O-GePh,:O-GePh,-OH 
(I), m. p. 149°, and tetra-anhydrotetrakisdiphenylgermanediol, 
GePh,:O-GePh 
OS GePh;-0-GePh, > O 
(ae), m. p. 218°. 

The formation of these complicated anhydro-compounds recalls the 
results obtained by Kipping and his collaborators (J., 1912, 101, 
2108, 2125; 1914, 105, 484) on hydrolysing diphenylsilicon di- 
thloride, when the diol Ph,Si(OH), and four anhydrides were 
dentified. The two silicon derivatives corresponding with formule 
_and IT melt respectively at 128—129° and 200—201°. Diphenyl- 
ermanium dibromide also undergoes hydrolysis to an insoluble 
morphous substance (p. 1765), from which it is regenerated by 
oncentrated hydrobromic acid. 

Owing to this tendency to form anhydrides it is obvious that 
iydrolysis of a mixture of diphenylgermanium dibromide and 
jhenylgermanium tribromide might lead to an anhydro-diol derived 
rom more than one of the reacting bromides. This anticipation was 
ealised by the isolation of a substance (m. p. 275°) having a com- 
sition and molecular weight approximating to Ge,;(CgH,;),O., 
yhich may be regarded as a combination of 3GePh,0 with 
7ePhO-O-GePhO, these oxides being derived from the hydrolysis 
f diphenylgermanium dibromide and phenylgermanium tribromide, 
espectively. This product, which arises apparently from a chance 
ondensation of the two different oxy-compounds, was only obtained 
1 one experiment. 

The hydrolysis of phenylgermanium tribromide leads to phenyl- 
ermanonic or germanibenzoic acid, a colourless uncrystallised 
roduct soluble in aqueous caustic alkalis. Its properties in regard 
) degree of hydration vary with the experimental conditions of its 
reparation and isolation. In all probability its composition varies 
ithin the limits C,H,-GeO-OH and C,H;"GeO-0-0Ge-C,H, 
IT) and the analytical numbers approximate to an intermediate 
mplex formula still containing hydroxyl groups. Phenylger- 
‘anonic acid or germanibenzoic acid therefore comes into line with 
licobenzoic acid and its analogues, which have been shown con- 
usively by Kipping and his collaborators (J., 1914, 105, 679; 
15, 107, 459) to consist of mixtures of condensation products 
irying in composition with the conditions of hydrolysis of the 
logenated silicanes. | 
The foregoing results obtained with oxygenated phenylgermanium 
‘mpounds indicate that the reactions of these substances oe similar 
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to those of the oxyarylsilicon derivatives but of a somewhat simpler 
type with less tendency to the formation of syrups, colloids and 
infusible mixtures. In this respect germanium forms a link between 
silicon and tin, and the germanium atom should exhibit a tetrahedral 
distribution of valencies. 


EXPERIMENTAL. 


I. Interaction of Germanium Tetrabromide with a Large Excess 0 
Magnesium Phenyl Bromide. 


1. The Grignard reagent from 5-7 g. of magnesium, 30-2 g. 0 
bromobenzene, and 120 c.c. of ether (36 mols. PhMgBr) was addec 
to 2:1 g. of germanium tetrabromide in 75 c.c. of ether, and the 
mixture heated for 2 hours. The dark orange-yellow liquid wa 
poured on to ice and acidified with hydrobromic acid, when % 
creamy white powder remained consisting of tetraphenylgermam 
(0-8 g. or 40%). The ethereal filtrate and extracts, dried ove 
sodium sulphate and concentrated, yielded 0-5 g. of triphenyl 
germanium bromide; the final mother-liquor containing the les 
phenylated products was worked up as described on p. 1765. 

2. During the action of less Grignard reagent (8 mols. PhMgBr 
on 4:4 g. of germanium tetrabromide in 25 c.c. of pure chloroforn 
(Boots’) heat was generated. The resulting liquid, after beim; 
warmed on the water-bath for 14 hours, was treated as above am 
yielded 0-93 g. of tetraphenylgermane (22°) and 1-1 g. of triphenyl 
germanium bromide (26%), the separation of the latter bein 
hastened by adding petroleum (b. p. 60—80°). The ether-petroleur 
mother-liquors, distilled in steam to remove diphenyl, left a sem 
solid yellowish-brown mass which after trituration left 0-4 g. ¢ 
colourless crystalline triphenylgermanium oxide. The oily bromide 
were worked up as on p. 1765, whereas the aqueous layer from th 
hydrolysis of the Grignard product by ice deposited gradually 
small amount of phenylgermanonic or germanibenzore acid. 

Tetraphenylgermane (Germanium tetraphenyl), GePhy, crysta. 
lised from petroleum (b. p. 60—80°) in lustrous, refractive, tram 
parent, prismatic needles, colourless in small quantities, cream 
white in bulk. Very stable on heating, it melted at 230—231 
and could be volatilised without decomposition (Found: ©, 75-4 
H, 5:6; Ge, 18:5. ©,,H, Ge requires C, 75:7; H, 5:3; Ge, 19:0% 

Tetraphenylgermane was insoluble in water, sparingly solub! 
in ether, light petroleum, or cold acetone, and dissolved mo! 
readily in benzene, separating therefrom in acicular prisms. Boilin 
‘aqueous caustic alkalis had no effect on this substance; it wé 
insoluble in cold concentrated sulphuric acid, but on warmin 
sulphonation occurred destructively with elimination of phen} 


) 


a 
— 


AROMATIC DERIVATIVES OF GERMANIUM. 1763 


groups. fuming nitric acid or a mixture of nitric and sulphuric 
acids caused nitration and oxidation with evolution of nitrous fumes. 

Triphenylgermanium bromide, GePh,Br, formed large, colour- 
less, transparent, six-sided, refractive, prismatic needles or small, 
compact prisms. Insoluble in water but somewhat readily soluble 

in ordinary organic media, it was best crystallised from petroleum 
(b. p. 40—80°); it melted at 138° to a colourless liquid (Found : 
C, 56-6; H, 4:1; Br, 20-7. C,3;H,;BrGe requires C, 56-3; H, 3-9; 
Br, 20:8%). 

iphenylgermanium bromide became hydrolysed superficially 
to its oxide by boiling water or by warm aqueous caustic alkalis, 
It arose as a by-product in the preceding preparations, but became 
the chief product when five molecular proportions of the Grignard 
reagent were employed to one of germanium tetrabromide. When 
93 g. of the latter substance were used, the ethereal solution, after 
heating on the water-bath and subsequent treatment with ice and 
hydrobromic acid, yielded, on concentration of the ether layer, 
4D g. (or 27%) of triphenylgermanium bromide. The residual oil 
was then treated with aquo-alcoholic silver nitrate, filtered from 
silver bromide, and the filtrate evaporated and distilled in steam, 
when diphenyl and o-nitrophenol were removed in the distillate. 
[he non-volatile semisolid residue was fractionated from boiling 
etroleum (b. p. 60—80°) and from cold ether, when the following 
tystalline substances were separated: (i) a colourless compound 
0-7 g.) melting at 275°, practically insoluble in cold ether or light 
etroleum and only sparingly soluble in the latter on warming 
see pp. 1761, 1767); (ii) tetra-anhydrotetrakisdiphenylgermanediol 
0-2 g.) melting at 218°, more soluble in ether or petroleum (see 
yp. 1761, 1766) ; (iii) an orange-yellow substance (0-1.g.) melting from 
06° to 112°, very soluble in organic solvents or in water. This 
roduct (C, 51-3; H, 45%) contained no germanium and did not 
lepress the melting point of ordinary p-nitrophenol (C, 51-8; H, 
6%), but unlike the latter it was intensely yellow and more soluble 
a cold water. Being formed from phenylated germanium deriv- 
tives and silver nitrate in the absence of mineral acids, it may 
onsist in part of an aci-form of p-nitrophenol. In addition to these 
dlid products there was a considerable proportion of uncrystallis- 
ble germaniferous material which was worked up subsequently as 
escribed on p. 1766. 

Triphenylgermanium Oxide, Ph,Ge-O-GePh,.—An alcoholic 
lution of triphenylgermanium bromide was boiled with silver 
itrate, filtered from silver bromide, and diluted with water, when 
1¢ oxide was obtained in quantitative yield. This product crystal- 
sed from hot petroleum (b. p. 60—80°) in transparent, colourless 

3 0* 2 
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prisms melting to a colourless liquid at 182—183°; it separated 
from ethyl acetate in thin, six-sided plates (Found : C, 69:2; H, 
4-9: Ge, 23-2. CygHgg0Ge, requires C, 69-35; H, 4-85; Ge, 23-2%). 

In organic media triphenylgermanium oxide was more soluble 
than tetraphenylgermane but less so than triphenylgermanium 
bromide; it was unattacked by 50% aqueous caustic potash, but 
was reconverted quantitatively into triphenylgermanium bromide 
by hydrobromic acid (d 1-45). : 

Hexaphenyldigermane, Ph,Ge-GePh. — Triphenylgermanium 
bromide (3 g.) dissolved in 37 ¢.c. of dry xylene was heated for 
3 hours with excess of “ molecular ” sodium. The filtered solution 
deposited on cooling 2:2 g. of hexaphenyldigermane, and a further 
amount was obtained on concentration. The final filtrate contained 
a small quantity of the more soluble triphenylgermanium oxide 
arising as a by-product. 

Hexaphenyldigermane separated from hot benzene in large, 
colourless, transparent cubes crumbling into powder on exposure 
to air : loss of benzene at 100° = 24:3%, corresponding with 3 mols. 
of CgH,. It was sparingly soluble in cold but more soluble in hot 
chloroform, separating therefrom in colourless micro-crystals, 
m. p. 340° [Found: ©, 70:8, "0-7; H, 5:1, 53; Ge, 23-5; MM, 
ebullioscopic in benzene, 566 (¢ = 0:595), 560 (c = 1328). 
C3gHg Ge, requires C, 71-2; H, 5:0; Ge, 23-85%; J, 606-8]. 

Hexaphenyldigermane was insoluble in boiling aqueous caustic 
soda, but on boiling with alcoholic silver nitrate a slight blackening 
occurred owing to liberation of silver. 

Phenylgermanonic Acid (Germanibenzoic Acid, p. 1761).—The 
aqueous mother-liquors from the hydrolysis of the Grignard mixture 
slowly deposited a white, colloidal precipitate, which was purified 
for analysis by redissolving in aqueous caustic soda, the filtered 
solution being then acidified, when the white, amorphous powder 
separated and was dried at 100° (Found: ©, 39:9; H, 3:2. The 
simplest formula, CgH,0,Ge, requires C, 39-5; H, 3:3%). 

From concentrated solutions of its sodium salt, phenylgermanonic 
acid separated at once (hydrogel form), but in dilute solutions it 
‘remained dissolved (hydrosol condition) and separated only after 
several weeks. 


Il. Interaction of Germanium Tetrabromide and M agnesium Pheny! 
Bromide (5 mols.). 

A Grignard solution, prepared from 48-4 g. of bromobenzent 
(5 mols.), 9-1 g. of magnesium, and 200 c.c. of ether, was added 
slowly to an ice-cold solution of 24:5 g. (1 mol.) of germanium 
tetrabromide in 100 c.c. of ether, moisture and carbon dioxide being 


La 
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excluded. The heavy colourless oil which separated persisted after 
heating on the water-bath. The cooled mixture was decomposed 
by ice and 50 c.c. of hydrobromic acid (d 1-45), when the crackling 
sound produced by the hydrolysis of germanium tetrabromide 
showed that this substance was not completely attacked even by 
excess of Grignard reagent. The solution was extracted with ether 
and the mixed ethereal extracts were dried over sodium sulphate. 
The aqueous layer, which gave no precipitate of phenylgermanonic 
acid (germanibenzoic acid) either when left or when partially 
neutralised, contained no other organic derivatives of germanium. 

The ethereal extract, concentrated to a small bulk, gave 9 g. 
(37:5) of triphenylgermanium bromide. 

The residual oil, which contained a complex mixture of triphenyl- 
germanium bromide, the less phenylated germanium bromides, and 
chiefly diphenylgermanium dibromide together with diphenyl and 
traces of bromobenzene, was dissolved in 150 c.c. of alcohol and added 
to 20 g. of silver nitrate in 100 c.c. of alcohol and 40 c.c. of water, 
when a dark brown precipitate separated. The mixture was heated 
under reflux for an hour and the alcoholic filtrates (A) separated 
from a black precipitate (B). ‘This precipitate B, which consisted 
mainly of silver bromide but contained some organic germanium 
compound, was boiled with ammonia (d0-88),* when a black 
residue remained which was extracted successively with aqueous 
sodium thiosulphate and dilute nitric acid, leaving 1-5 g. of a white, 
amorphous organic germanium compound. This substance melted 
partly at 260° and was insoluble in organic solvents, aqueous alkalis 
or ammonia; it was converted by hydrobromic acid into an oily 
bromide, from which the original amorphous substance was recovered 
by the action of water. This uncrystallisable product was also 
obtained by the hydrolysis of the oily bromide from tetra-anhydro- 
tetrakisdiphenylgermanediol, m. p. 218°. 

_ The alcoholic filtrate A was evaporated and the oily residue 
listilled in steam, when diphenyl and o-nitrophenol passed over. 
The residue, a solid of pitchy consistence, was dissolved in ether and 
the yellow solution filtered and concentrated until an orange- 
yellow, semi-crystalline mass separated. This product, after 
*xtraction with cold petroleum (b. p. 80—100°) to remove diphenyl 
md other more soluble impurities, furnished 5 g. of an almost 

* The ammoniacal filtrate deposited on cooling lustrous spangles of silver 
womide having a highly refractive reflex. This product was an insensitive 
orm of the bromide, for it retained its bright metallic lustre after months of 
xposure to light. The ammoniacal liquor, which contained traces of organic 
erivatives of germanium, had the property of converting more yellow silver 


romide to this insensitive form, the spangles separating at the surface of 
he solution. 
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colourless mixture of organic germanium derivatives now free from 
bromine. Repeated solution of this mixture in ethyl acetate fol- 
lowed by fractional crystallisation and hand-picking of the resulting 
crystals led to a separation of the following substances :— 
1. Triphenylgermanium oxide, m. p. 182—183° (see p. 1763), separ- 
ating from ethyl acetate in thin, rhomboidal or pentagonal plates. 
2. Tetra-anhydrotetrakisdiphenylgermanediol (Formula II), crys- 
tallising in colourless, cubical and prismatic forms, the latter with 
bevelled and facetted faces. This complex diol was purified by 
crystallisation from petroleum or ethyl acetate, in which it was 
readily soluble, and then melted indefinitely at 218° [Found: 
C, 59-4, 59-1; H, 4-25, 4-4. (C,,.H,)O0Ge), requires C, 59-4; H, 42%) 
Fig. 1. 


> 


C 
ue 


Found : by the ebullioscopic method in benzene (c = 1-48), M, 905. 
(C,,H,)0Ge), requires M, 970]. . 

3. Trianhydrotetrakisdiphenylgermanediol (Formula I), m. p. 149°, 
obtained in colourless, hexagonal prisms or flattened, rhomboidal 
crystals with bevelled edges (Found: C, 58-8; H, 4-6. C,,H,.0;Ge, 
requires C, 58-3; H, 4:25). 

Crystallographic Examination. 

Two of the foregoing substances (Nos. 2 and 3) were kindly 
examined by Dr. T. V. Barker, who reports as follows :— : 

Tetra-anhydrotetrakisdiphenylgermanediol (Fig. 1).—The crystals 
of this substance are monoclinic with the forms m(110), a(100), 
q(011), c(001) and s(201) developed in the proportions given in Fig. I. 
The axial ratios, a:b:c = 1-491:1: 1-018, 8 = 111° 42’, were 
computed from the following results given by four crystals. 


mM. a. q. rh ry 
BLM. Sed dens bay's 07:0" 0° 0’ 68° 21’ *68° 18’ *137° 0’ 
Dan asu al shoe tales 35 45 90 0 *46 35 90 O 90 On ae 
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Optically, the crystals are positive; the axial plane is (010), and 
ne optic axis is nearly normal to a(100). 

Trianhydrotetrakisdiphenylgermanediol (Fig. 2).—The crystals are 
rthorhombic with the forms a(100), m(110), 2(120), 6(010), and 0(111) 
leveloped in the proportions given in Fig. 2. The axial ratios, 
1:6:¢ = 0-9539 : 1: 0-53899, were computed fibth the following 
neasurements derived from four crystals. 


b. n. Mm. a. O. 
SSE 0° Of 27°. 504 *46° 21’ 90° 0’ 4679 15 
Mass S, yd Se 90 0O 90 0O 90 O 90:40... a%38i 2 


Optically, the positive acute bisectrix is parallel to the c-axis, 
ind the axial plane is a. 

The Complex Diol melting at 275°.—When recrystallised from 
thyl acetate, it separated in large, transparent, colourless prisms 
nelting at 231° and containing solvent of crystallisation. At 140° 
he loss of weight was 445%, corresponding approximately with 
mols. of diol combined with one of ethyl acetate (theory 3-9%). 
rystallised from carbon tetrachloride, the compound melted to a 
ransparent, colourless liquid at 277—-278° but rather indefinitely 
Found: C, 53-8; H, 3-9; Ge, 33-6; M, ebullioscopic in benzene 
¢= 1-000), 1003. C,,H,,O,Ge, requires C, 53:6; H, 3-7; Ge, 
a1 %; WM, 1074]. 

This complex diol was insoluble in water, dilute alcohol, ether, or 
etroleum and only sparingly soluble in other organic media. 


Note on the Analysis of Aromatic Germanium Compounds. 


In estimating carbon and hydrogen the combustion was effected 
ntirely with oxygen in a tube containing copper oxide and lead 
hromate. The oxygenated germanium compounds required very 
rolonged heating at high temperatures in order to oxidise the last 
races of carbon, which otherwise remained in the boat or on the 
ide of the tube as a refractory black material. 

For the estimation of germanium the weighed substance was digested 
uring 8 or 10 hours with 18 c.c. of concentrated sulphuric acid 
A.R. quality) in a flask with a ground-in air-condenser. The cooled 
quid and undissolved germania were washed into a conical flask 
ith 150 c.c. of water, any adherent germania being removed by 
oiling aqueous sodium carbonate (A.R.). The clear solution was 
horoughly saturated with washed hydrogen sulphide and left in the 
losed flask for a day. The pinkish-white sulphide containing free 
ulphur and some organic matter was collected on a Gooch crucible 
‘ith ashless paper filter, and washed successively with 4N-sulphuric 
eid saturated with hydrogen sulphide and aqueous hydrogen 
aphide. After drying at 100° the precipitate and the portion 
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remaining on the filter-paper were converted into germania in 
separate porcelain crucibles by treatment with dilute and then with 
concentrated nitric acid. On igniting the crucibles strongly, 
germania was obtained in a perfectly white condition. 


The authors desire to express their thanks to Messrs. Brunner 
Mond and Company, Limited, for a grant which has partly defrayed 
the expense of this investigation. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, June 24th, 1925.] 


CCXXXV.—The Stability of Additive Compounds 
between Esters and Acids. 


By James KENDALL and JamEs Extot Booes. 


THE parallelism between the electrical conductivity of an acid 
solution and its catalytic activity in ester hydrolysis formed one 
of the strongest supports of the Arrhenius ionisation theory in its 
early stages. More accurate measurements made it evident, 
however, that direct proportionality between hydrogen-ion concen- 
tration and reaction velocity could not be claimed. Other diverg- 
ences were soon noted; not only did the rate of hydrolysis increase 
more rapidly than hydrogen-ion concentration, it also increased 
with the ester concentration. Many investigations have been 
performed upon ester—acid—water systems to explain these diverg- 
ences, and several interesting theories—for example, the theory of 
the catalytic activity of the undissociated molecule and the theory 
of the anticatalytic effect of water—have been developed. The 
radiation hypothesis also has been applied to the problem by Lewis 
and his co-workers, but the mechanism of acid catalysis of ester 
hydrolysis is still unsolved. 

Some advance has been made, nevertheless, in the conan recog: 
nition of the fact that the concentrations of the reacting molecular 
species in a solution of this complicated character cannot be directly 
calculated from its composition. Formation of additive compounds 
certainly disturbs the stoicheiometric ratios very materially, and 
inasmuch as it appears most probable that the hydrolysis is effected 
in steps, with these compounds as intermediate products, it is clearly 
important to examine their character and stability as thoroughly a 
possible. 

The first direct evidence of the existence of additive compan 
between esters and acids was furnished by the present authors i 
an earlier article (J. Amer. Chem. Soc., 1916, 38, 1712), in which 


ADDITIVE COMPOUNDS BETWEEN ESTERS AND ACIDS. 1769 


xtensive references to previous work will also be found. Thirteen 
lefinite compounds of the general type R:CO-OR’,HX were isolated, 
nd it was shown qualitatively that the stability of such compounds 
n the liquid state increased as the radicals R and R’ were made more 
Jectropositive, or as the radical X was made more electronegative. 
[he most stable compounds were consequently obtained when an 
ster of a weak acid (e.g., ethyl acetate) was paired with a strong acid 
e.g., trichloroacetic acid), but some compound formation was still 
ndicated even in such an unfavourable system as methyl oxalate— 
icetic acid. 

From the results of this investigation, the general conclusion was 
lrawn that the formation of an ester—acid additive compound 
onstitutes the first step in ester hydrolysis. The following articles 
liscuss the stability of these complexes quantitatively, and also 
Xamine the evidence with regard to their dissociation and the 
ormation of additive compounds of other types in the presence of 
he third component—water. 

The progressive dissociation of ester—-acid compounds on addition 
af water may be postulated as due to three distinct causes. In the 
irst place, the effect may be purely diluent, the equilibrium point 
n the reaction R-CO-OR’,HX == R-CO-OR’ -++ HX being shifted 
n the forward direction merely by the diminution in the concen- 
rations of ester and acid as we proceed from the anhydrous system 
0a dilute aqueous solution. Secondly, the water may disturb the 
quilibrium still further by combining with the free acid or ester to 
orm binary complexes of the type HX,H,O or R:CO-OR’,H,O. 
Chirdly, the water may combine with the ester-acid compound to 
sive a ternary complex of the type R-CO-OR’,HX,H,O. 

_In order to separate these three factors, as far as is feasible, the 
woblem has been taken up in stages. First, the extent of the 
lissociation of certain typical ester—acid compounds into their 
‘omponents on fusion has been examined by comparing the freezing- 
soit depressions induced by addition of free ester, an inert solute 
benzene), and the active solute water. Next, the extent to which 
ster—acid compounds are still existent in a dilute solution, when the 
olvent is inert, has been investigated by determining the freezing- 
oint depression curves of benzene on addition of ester and of acid, 
eparately and in company. Binary systems of the types acid— 
vater and ester—water are then discussed, and the final and most 
ntricate case of all (the ternary system: ester—acid—water) is thus 
pproached only after the results of the preceding work have fur- 


ished useful information as to the most promising methods of 
ttack. 
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The Stability of Ester-Acid Compounds on Fusion. 

Three compounds are examined in this section, the complexe; 
chosen being those formed by trichloroacetic acid with ethyl acetate 
benzyl benzoate and methyl succinate respectively. The extent oi 
dissociation in each case is calculated from the form of the freezing. 
point depression curves of the compound, as indicated in Fig. 1. 

This method was first suggested by Bancroft (J. Physical Chem. 
1899, 3, 72) and developed in detail by Kremann (Monatsh., 1904 
25, 1215). Unfortunately, the equations arrived at by Kremanr 
are not free from error (Roozeboom and Aten, Z. phystkal. Chem. 
1905, 53, 449) and it is important to note that the method is stricth 
applicable only when the heat of dissociation of the complex is zero 
Nevertheless, since in mixtures of organic substances heats 6j 
dissociation are in general but small, and the stability of a giver 
compound may be regarded as constant over a restricted temperature 
range, the method may be utilised to give approximately accanm 
values, the procedure being briefly as follows : 

If an additive compound is perfectly stable on fusion, its freed 
point curve on addition of y moles of either component to 100 ne 
of compound will be given by the equation : 


~loee(ropy) = Rm) 2 0 


where Q is the molar heat of fusion of the compound in calories 
7’, its absolute temperature of fusion in the pure state, 7’ its absolute 
temperature of fusion in the solution, and # the gas constant 
1-988. If, on the other hand, the percentage dissociation of th 
pure compound on fusion is x, then addition of y moles of eithel 
component to 100 moles of the compound will repress this dissoci 
ation to a smaller value x’, and we obtain the equation : 


(st) = 90 


the graph for which will vary more and more from that given bj 
equation (I), according as 2 increases. Various trial values maj 
be assumed for 2, and the resultant curves compared with that 
obtained experimentally until accordance is reached. 

It remains to show how the ‘‘ unknowns ” in equation (II) maj 
be evaluated. If K is the dissociation constant of the reactior 
R-CO,R’, HX => R-CO,R’ + HX, then we have the two equations 


v ' 100 — x 
(a0 =) = ve 4 ee a “ 711G De Coa 
and de 
gw Na sag ln a ‘ 


; 
v. 
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vence, as K is known for each assumed value of x, the variation of 
with y is derived. Q must be determined either calorimetrically, 
(by calculation) from the form of the freezing-point curve when an 
rt solute is added. R, of course, is known. The only remaining 
tor, 7’) (the hypothetical freezing point for the pure compound 
the absence of dissociation products), is obtained from equation 
) by putting y= 0, when x’ becomes 2 and 7’ becomes the 
perimental freezing point. 

1. The Compound Ethyl Acetate-Trichloroacetic Acid.—This 
mpound, as obtained by mixing equimolecular quantities of its 
refully purified components, melted sharply at — 26-8°. A 
oplified Beckmann type of apparatus was used to determine the 
ezing-point depression curves of this material on addition of 
iy! acetate, benzene and water, and in view of the approximate 
ture of the method and the difficulty of working at low temper- 
ires and maintaining anhydrous conditions, no attempt was made 
obtain readings for the freezing-point depression (AT) to a 
ater accuracy than 0-05° in the more dilute, or 0-1° in the more 
acentrated solutions. Additions of solute were made by means of 
Grethan pipette. Compositions are expressed throughout in 
lecular percentages. 


TABLE I, 


Freezing-point Depression Curves of the Compound : Ethyl 
Acetate—Trichloroacetic Acid. 


Solutes. 

(oP path trate pat die pee 
pln ae ie Walle 
Cs ie iis 


These results are expressed graphically in Fig. 1. Partial dis- 
ation of the compound on fusion is shown by the fact that 
tyl acetate does not give the same freezing-point depression 
tve as the other solutes. By application of equation (II) above, 
is found that the approximate degree of dissociation of the com- 
und in the liquid state is 12%. The assumption of this value 
' @ gives practically perfect agreement throughout the whole 
igth of the experimental and calculated curves. 

the value for Q, obtained calorimetrically for use in these calcul- 
ons, was 5170 + 50 calories. This was checked by a rather 
Ticate calculation from the freezing-point depression curve 


tained with benzene as solute. The value so derived was 
30 + 100 calories. 
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A most unexpected result in the above table is the identity of th 
freezing-point depression curves obtained with benzene (an ine) 
solute) and water (presumably reactive). In this connexion it ma 
be mentioned that the points on the water curve did not chang 
significantly with time during the course of the determination: 
hydrolysis effects evidently being quite slow at the low temperature 
involved. Comment upon the abnormal position of the water cury 
will be made at the conclusion of this article. 


Fia. 1. 


Freezing-point depression curve of the compound: ethyl acetate— 
trichloroacetic acid. 


Freezing-point depressions. 


10 15 
Mol. per cent. of solute. 


O= Benzene. -+—= Water. X =Ethyl acetate (experimental). @ = Hil, 
acetate (calculated for 12% dissociation of pure compound on fusion). 


2. The Compound Benzyl Benzoate-Trichloroacetic Acid.—Th 
_pure compound in this case melted sharply at 13-6°. The freezing 
point depression results obtained with benzyl benzoate, benzene, an 
water as solutes are given below. 


TABLE II. 


Freezing-point Depression Curves of the Compound: Benzyl 
Benzoate—Trichloroacetic Acid. 


Solutes. ae 

Mol. % 4-54 9-92 15-75 26-1 

Benzyl benzoate ape “ 9-10 0:35 0:80 2-0 8-5 
7 Moro, Meese 18-6 27-6 42-6 
SPEER’ AT? 1:40 3-6 8-1 14-4 
Mol. % 7:58 «10-87 19-7 27-0 
Water AT dy ee 2.9 5:8 8:6 


Again the benzene and water curves are very nearly identica 
Calculation of the degree of dissociation of the compound on fusio 
from the position of the benzyl benzoate curve, using a calorimetric 
ally determined value for Q of 5660 + 40 calories, leads to a valu 
of (approximately) 35%. : 


— 
fe 
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3. The Compound Methyl Succinate-Trichloroacetic Acid.—A pure 
ymple of this compound (which contains one molecule of ester to 
wo of acid) melted sharply at 8-3°. 


TABLE III, 


Freezing-point Depression Curves of the Compound: Methyl 
Succinate—Trichloroacetic Acid. 


Solutes. 
Mol. % A550 97) Tee) ootais) wae 
Methyl! succinate {ar° re 120.80 4? 0-60 1:70 38 9-6 
Mol. % BBG 1) .11-97 4 2b 313 
Benzene AT? “° 0:85 ‘1-90 4-0 6-3 


The calculation of the degree of dissociation of this 1 : 2 compound 
om the position of the methyl succinate curve is more complicated 
ian in the previous cases. It is also more uncertain, since a com- 
ound of the type AB, may give an intermediate dissociation pro- 
uct AB as well as its simple components A and B. Fortunately, 
lis particular compound is exceptionally stable, so that it is still 
ossible to fix its degree of dissociation between the upper and lower 
mits of 6 and 4% respectively. In this calculation, the value used 
r & (9600 calories) is derived from the benzene curve, assuming this 
wr the sake of simplicity to be ideal. 


The Stability of Acid—Ester Compounds in Dilute Benzene Solution. 
The next step in the investigation was to determine the stability 
f acid-ester compounds in the presence of a large excess of an 
ert solvent—benzene. 

The compound ethyl acetate—trichloroacetic acid was first studied. 
able IV gives the freezing-point depression curves of benzene 
ith ester, acid and compound as solutes. The same data are 
presented graphically in Fig. 2. For comparison, the ideal curve 
ybtained by substituting @ = 2370 calories and 7) = 278-48 
1 the equation — log, (1—2)=Q/R.(1/T —1/T >), where 
= mol. % of solute] is also added. 


TABLE LY. 


Freezing-point Depression Curves of Benzene (System : 
Ethyl Acetate-Trichloroacetic Acid). 
Solutes. 
loal Mol. % 1:0 2-0 2-5 3:0 4-0 5-0 6-0 
AT? 0-652 1-308 1-637 1-967 2-631 3-299 3-9 


te { Mol. % 0-965 1-138 1:934 2-670 3-966 5-425 

(aT 0-643 0-727 1-276 1-775 2-640 3-598 
richloro- Mol. % 0-543 1-063 1-654 3-068 4:22 5-41 6-63 

acetic acid \ AT° 0-213 0-432 0-672 1-222 1-674 2-120 2-582 
cid—ester Mol. % 0-520 0-952 1-410 1-743 3-205 4-065 5-075 6-62 
compound | A7"° 0-417 0-740 1-038 1:273 2-264 2-866 3:532 4-580 


67 
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Specially purified benzene was employed in this work, anc 
temperatures were read to 0-001° by the Beckmann method. Th 
thermometer employed was calibrated by the Bureau of Standards 
and all precautions were taken to ensure accuracy. 

The ethyl acetate curve, it will be seen from the diagram, follow: 


Fie. 2. 
System: ethyl acetate-trichloroacetic acid. Benzene as solvent. 


i, pra 


im) 


Freezing-point depressions. 


5 


0 “15 3 4-5 6 
Mol. per cent. of solute. 


I Trichloroacetic acid. II gal acetate (@) ; ideal curve (O). III Additive 
compound. IV Sum of I and I 


the ideal within error limits. The freezing-point depressions induced 
by trichloroacetic acid, however, are much less than normal. 
Examples of this type have been interpreted in the past as indicative 
of the fact that the solute is associated in the solution, but the con- 
ception of Hildebrand (J. Amer. Chem. Soc., 1916, 38, 1452) that @ 
positive deviation from Raoult’s law is consequent upon differences 
in the internal pressures of the two components of the solution 


; 
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fers an alternative explanation. This point will be discussed later. 
he curve given by the compound, if this were completely dissociated 
| the solution into ester and acid, would be the sum of the depressions 
iven by its components separately. This is shown as curve IV on 
ue diagram. (For strict purposes of comparison, it may be noted, 


Fia. 3. 
System: ethyl acetate-acetic acid. Benzene as solvent. 


bo 


Freezing-point depressions. 
ww 


BO 1-5 3 4:5 6 
Mol. per cent. of solute. 


I Acetic acid. II Ethyl acetate (®@); ideal curve (O). III Lthyl acetate + 
ete acid (experimental). IV Sum of I and II. 

ie deviation of the ideal freezing-point depression curve from 
learity should be taken into account, and curve IV should fall 
ightly below the sum of curves I and II, but the error introduced 
y the simpler procedure here adopted is negligible throughout this 
ork.) The actual curve obtained, curve III, lies considerably 
ove curve IV, demonstrating that a large proportion of the 
mmpound is still existent as such in the system in spite of its reduced 
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concentration. The exact degree of dissociation at any given 
dilution cannot, however, be determined, since we have no means of 
knowing whether the curve for the undissociated compound follows 
the ideal or not. Most probably it would lie intermediately between 
the curves given by its two components, and we may therefore infer 
that the bulk of the compound is still undissociated when its concen- 
tration is diminished to 1—6 mol. %. | 

In view of the indefinite character of the results obtainable, the 
work in benzene solution was not extended to the additive com- 
pounds of benzyl benzoate and methyl succinate with trichloro- 
acetic acid discussed in the preceding sections. It did seem of 
sufficient interest, nevertheless, to determine whether the existence 
of an ester—-acid compound, already so unstable in the liquid state as 
to inhibit its direct isolation from the binary system by the freezing- 
point method, could still be established in dilute solution in an 
inert solvent. The results for the system ethyl acetate—acetic acid 
are given below and in Fig. 3. 


TABLE V. 


Freezing-point Depression Curves of Benzene (System : 
Ethyl Acetate—Acetic Acid). 


Solutes. 

aah. Mol. % 0:993 275 3-93 4-84 
Acetic acid AT? “° 0-343 0-905 1-284 1-559 
chic beid: Mol. % 1:000 2016 2-751 3-834 482 5:38 
ethyl acetate  \AT° 0-938 1-827 2-503 3-372 4-216 4-835 


From Fig. 3 it is apparent that the freezing-point depressions 
induced by equimolecular quantities of ethyl acetate and acetic 
acid taken together are slightly smaller than those obtained by 
summing up the effects of the two separate components, an indication 
that some additive compound is still present. The degree of dis- 
sociation of this compound at any given dilution is again uncertam, 
owing to the abnormality of the acetic acid curve, but it is evidently 
much greater than that of the ethyl acetate-trichloroacetic acid 
compound, as might be expected with a weak acid as one component. 


The Internal Pressure Factor in Freezing-point Depression Curves. 


It remains to discuss briefly the abnormalities noted in the 
various systems examined. These, it will be found, all occur m 
systems in which we have a polar solute and a non-polar solvent, 
and in all cases the observed freezing-point depression is less than 
anticipated. Now Hildebrand (loc. cit.) has shown that an abnorm- 
ally small freezing-point depression is a general characteristic of 
such systems, in which the internal pressures of the two components 


a 
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n the liquid state are markedly different. While, therefore, associ- 
tion of the solute may occur to a minor extent in the cases of 
richloroacetic acid and acetic acid in benzene, yet the abnormally 
mall freezing-point depressions obtained must be ascribed, in the 
nain, to the internal pressure factor. 

The freezing-point depression curves of the ester-acid compounds 
vith water as solute may be explained in the same way. We should 
ertainly expect water to dissociate these compounds to a far greater 
legree than benzene, yet the two solutes give curves which are 
ractically coincident. The curves ought to be widely divergent, 
part from any question of instability of the solvent, since water 
nd benzene have internal pressures so very far apart from each 
ther that they cannot both be ideal solutes in the same liquid. 
lost probably, therefore, very extensive dissociation of the ester— 
cid compound on addition of water does occur, but the negative 
eviation from Raoult’s law consequent thereupon is obscured by a 
imultaneous positive deviation from Raoult’s law due to the internal 
ressure factor. Confirmation for this view will be found in the 
esults of the succeeding article, in which the stability of ester—acid 
ompounds in dilute aqueous solution is examined in detail. 


Summary. 
The stability of three ester-acid additive compounds on fusion 


as been investigated. ‘ The approximate degrees of dissociation 
re : 


(a) Ethyl acetate-trichloroacetic acid (m. p. —26°8°) 12%: 
(6) Benzyl benzoate—trichloroacetic acid (m. DPele-G° yy ArKso oe 
-(c) Methyl succinate-trichloroacetic acid (m. p. 8-3°); 4—6%,. 


These values refer to different temperatures (an unavoidable 
efect of the freezing-point method employed), but the order of 
tability is m accordance with previous work. Changes in degree 
f dissociation with temperature are presumably small. The mole- 
ular heats of fusion of the three compounds are 5170, 5660, and 
600 calories respectively. 

In dilute benzene solution (at temperatures slightly above 0°) 
ve compound ethyl acetate-trichloroacetic acid is still markedly 
able, and the decomposition of such a weak complex as ethyl 
cetate—acetic acid is not complete. 


Cotump1a Universiry, 
New Yorx Crry. [Received, May 11th, 1925.] 
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CCXXXVI.—Additive Compounds in the Ternary 
System: Hster-Acid—Water. | 


By James Kenpatt and Crom Victor KIne@. 


SEVERAL distinct lines of attack have been followed in this in- 
vestigation, in the hope that the results obtained by converging 
upon the problem from different angles, together with the various 
suggestions derived from the simpler binary systems, might furnish 
greater opportunity for an advance. The freezing-point depression 
data which form the main part of the work are consequently dis. 
cussed and correlated with conductivity and reaction velocity 
determinations at 0°. It is unfortunate that the extensive experi- 
mental data of previous investigators on certain of the systems 
studied cannot be employed to any considerable degree in this 
comparison, but the majority of such measurements refer to higher 
temperatures and are not readily reducible to molecular concentration 
units. 
In this paper the four systems ethyl acetate-hydrochloric acid 
ethyl acetate—trichloroacetic acid, ethyl acetate-chloroacetic acid 
and ethyl acetate—acetic acid are examined in detail, with the idea 
of ascertaining how conditions vary when a representative este! 
is paired against a series of acids of widely divergent strengths. 


Binary Systems Acid—Water and Hster-Water. 

Systems of the type acid-water have already been critically 
investigated by Kendall, Booge, and Andrews (J. Amer. Chem 
Soc., 1917, 39, 2303), and‘the general law has been deduced thai 
compound formation increases with the strength of the acid. Little 
work has been done upon systems of the type ester-water. Griffitl 
and Lewis (J., 1916, 109, 80) have postulated an additive ester 
water compound as an intermediate step in ester hydrolysis, bui 
the freezing-point depression data of Rivett for ethyl acetat 
(Z. physikal. Chem., 1912, 80, 547), when recalculated on a mole 
cular concentration basis, follow the ideal curve almost exactly 
On account of this fact the opinion was expressed (J. Amer. Chem 
Soc., 1916, 38, 1716) that ester-water compounds could not be 
formed in more than minute quantity. Our own freezing-poim 
depression determinations for ethyl acetate, presented in Table . 
below (see also Fig. 1), are in complete accordance with those 0 
Rivett, yet a more intensive study of the system leads us now t 
reverse our judgment. | 

Briefly, ethyl acetate is a “‘ pseudo-ideal ’’ solute in water, twi 
opposing factors practically counterbalancing each other. Thi 
fact that ethyl acetate and water are only partly miscible (due & 


€ 


tar: 
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ternal pressure differences) precludes all possibility of a normal 
eezing-point depression curve; the experimental depressions 
ould be considerably less than the ideal (see Hildebrand, “‘ Solu- 
lity,’ A. C. 8. Monograph Series, 1924; also p. 1777 of the pre- 
ding article). The only factor that could depress the curve 
wk again to correspond with the ideal is extensive compound 
rmation between ester and water, and there are several points 
hich indicate that extensive compound formation actually does 
eur. Liquids which are partially miscible normally give absorp- 
on of heat on admixture, but heat is evolved, not absorbed, when 
hyl acetate is dissolved in water. The rapid increase in the 
lubility of the ester as the temperature is lowered suggests that 
compound is formed, the stability of which increases with falling 
mperature (Hildebrand, loc. cit., p. 144). The fact that the 
nsity of the saturated solution at 0° is greater than unity (Seidell, 
Solubilities of Inorganic and Organic Compounds,” D. van 
ostrand Co., 1919, p. 285) demonstrates that remarkable con- 
action accompanies admixture, and this contraction is most 
mply explained on the assumption of compound formation. 
Other systems of the type R-CO-OR’—H,0 are now being examined 
) discover how these two opposing factors—internal pressure 
fference and compound formation—vary with the nature of the 
dicals R and R’. For the present, it suffices to know that all 
wee possible binary systems (ester—acid, acid—water, and ester- 
ater) give additive compounds, and it becomes necessary to 
termine to what extent these survive in the ternary system and 
hether any ternary compounds are formed. 

| 
| 
The freezing-point depression results obtained with water on 
Idition of ethyl acetate, the four acids, and equimolecular quantities 
ester and each acid taken together, are presented in Table I. 
ae data for the hydrochloric and acetic acid systems are also 
ven in Figs. 1 and 2, respectively. 

At first the measurements for solutions containing both acid 
id ester were made at: known time intervals after mixing, with 
le intention of extrapolating to zero time to correct for the change 
i freezing point due to hydrolysis. This procedure was, however, 
lund to be unnecessary, as the freezing point in the most con- 
‘mtrated solution of the strongest acid did not vary more than a 
iw thousandths of a degree in a whole hour. The experimental 
jocedure was the same as that employed with benzene as solvent 
| the preceding article. The values given below are the results 
‘ duplicate measurements, checking to + 0-002°. 


Freezing-point Depression Determinations. 


te 
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TABLE I. 


Freezing-point Depression Curves of Ester—Acid Solutions, 


Solutes. 

Mol. % 0-181 0-379 0-574 0-963 1-148 1-362 

AT® (obs.) 0-190 0-398 0-594 1-007 1-203 1-431 

rier AT° (ideal) 0-187 0-391 0-592 0-994 1-185 1-406 
* bala eaotveain Mol. % 1-718 1-945 2-134 
AT° (obs.) 1-797 2-084 2-224 

AT® (ideal) 1-773 2-007 2-202 | 

Mol. % 0-204 0-369 0-666 0-897 1:139 1-457 

Fivdrodhloriciagia Wife, 0-398 0-720 1-335 1-835 2-374 3-142 

y Mol. % 1-686 1-851 2-136 


AT® 3:703 4-126 4-931 
ies % 0-209 0:335 0-409 0-499 0-681 0-838 
Ethyl acetate +- AT° 0-626 1-008 1:247 1-525 2-099 2-637 
hydrochloric acid |\Mol.% 0-858 0-893 1:086 1-230 1-297 1-446 
AT® 2-702 2-817 3-466 3-979 4-194 4-727 
Mol. % 0-277 0-528 0-765 1-002 1-264 1-439 
Trichloroacetic AT? 0-530 0-994 1-451 1-884 2-373 2-697 
acid Mol.% 1:722 2-032 2-293 2-541 
Aly 3:223 3-791 4-256 4-697 
Mol. % 0-176 0-259 0-409 0-554 0-728 0-856 
Ethyl acetate + Ad 0-510 0-748 1-187 1-592 2-063 2-434 
trichloroacetic acid |Mol.% 0-944 1-042 
ALY, 2:651 2-869 


0:176 0-369 0-639 0-978 1-395 1-667 
Mol. % 1-755 1-999 
AT? 1:766 1-989 


Mol. % 0-160 0:338 0-592 0-931 1-360 1-647 
‘ : Ar? 
Chloroacetic acid 


Mol. % 0-249 0-473 0-593 0-904 1-256 1-314 
Ethyl acetate + AT? 0-525 0-988 1:227 1:826 2-448 2-548 
chloroacetic acid |Mol.% 1:513 1-709 1-791 
AT? 2-866 3:153 3-264 
Mol. % 0-537 0-902 1:341 1-624 1-871 2-393 
a rots ts AT. 0-556 0-952 1:381 1-663 1-916 2-442 
cetic aci Mol. % 2-896 
ONS be 2-944 
Mol. % 0-176 0-303 0-437 0-819 0-957 1-161 
Ethyl acetate + [are 0-373 0-634 0-917 1-667 1-941 2-353 
acetic acid )Mol.% 1-523 1-674 2-035 2-217 2-631 | 
are 3:042 3:315 3-919 4-202 4-775 


The significance of the data may be most readily appreciate 
by reference to the diagrams. In the hydrochloric acid systet 
(Fig. 1), the freezing-point depressions induced by acid and este 
taken together (curve III) are almost identical with the sum ¢ 
the depressions induced by corresponding concentrations of th 
two separately (curve IV). Now if the ester-acid comple 
R:CO-OR’,HX were completely stable in solution, we shoul 
expect its curve to follow approximately the ethyl acetate (¢ 
ideal) curve (I) in the event of its being a non-electrolyte, or th 
hydrochloric acid curve (II) in the more probable event of it 
being a strong electrolyte giving the ions [R-CO-OR’,H]* and X” 


y) 
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1 intermediate position between (I) and (II), or between (II) 
d (IV), would follow from partial dissociation. The actual 
sition of the curve indicates, however, complete dissociation 
the compound into its components, and also demonstrates that 
mary complexes cannot exist in any significant quantity in the 
ution. (In point of fact, curve III lies very slightly below 
rve IV. This discrepancy may be explained, however, by 
<ing into account the slight deviation of the ideal curve from 
earity [compare p. 1775], accentuated in this case by hydration 
the solutes.) To explain the total instability of the ester—acid 
mpound in water solution we need only to consider that the 


Fie. 1. 
System : ethyl acetate-hydrochloric acid. Water as solvent. 


Freezing-point depressions. 


: 5:0 
0 02 0°40°6 0°8 1:01:2 1:4 1:6 1:8 2:0 2-2 
Mol. per cent. of solute. 


L Bthyl acetate (also ideal curve). IL Hydrochloric acid. III Ethyl acetate of 
rochloric acid (experimental, ©). IV Sum of I and II (@). 


sr and the water function as rival bases, competing for the 
isession of the hydrochloric acid. Alone, each is able to furnish 
iable additive compound (or oxonium salt); but in dilute aqueous 
aa. the enormous excess of water and its more highly basic 
racter lead to essentially complete destruction of the ester—acid 
aplex. 

n the acetic acid system (Fig. 2), on the other hand, the freezing- 
‘at depressions obtained with acid and ester together are, at 
1 higher concentrations examined, appreciably less than the 
n of those obtained with the two solutes separately. The same 
‘ilts are given by the trichloroacetic and chloroacetic acid systems, 
\difference at equivalent concentrations (e.g., 1 mol. °%) increasing 
‘h the strength of the acid. This might be argued to indicate 
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that a small fraction of the ester-acid complex does, after al 
escape decomposition, the fraction increasing with the strengt 
of the acid. On this basis, the results for the hydrochloric aci 
system alone would have to be regarded as abnormal. Altern 
atively, the three freezing-point depression curves in a syste! 
containing an organic acid may be considered as not strictly con 
parable, owing to differences in internal pressure and associatio 
factors. It is significant, in this connexion, that chloroacetic an 
acetic acids already give small positive deviations from Raoult 
law in concentrated aqueous solution, before any addition of este 


Fie. 2. 
System : ethyl acetate—acetic acid. Water as solvent. 
A a ER Beene ee 


ia SCT 
NO 
TN 


O, 


Freezing-point depressions. 


050 100 41:50 200 250 = 3°00 
Mol. per cent. of solute. | 

l Acetic acid. IL Ethyl acetate (prolonged as ideal curve beyond saturation 
Ill Ethyl acetate + acetic acid (experimental). IV Sum of I and It. 

Before this question is discussed further, the conductivity al 
velocity of reaction results for equimolecular mixtures of eth 
acetate with the four acids will be presented. A final feature 
the freezing-point depression curves may be noted here: t. 
maximum concentration that can be investigated varies ve 
remarkably in the four systems. It is not possible, of course, | 
carry out exact solubility measurements under the conditions 
experiment, but the approximate molecular concentrations | 
which two liquid layers first persist, when equivalent quantiti 
of ethyl acetate and acid are added to water at 0°, are as follow 


Ester Ester -+ Ester’ + Ester -+ Ester +, 
alone. HCl. CCl,-CO,H. CH,Cl-CO,H. CH;-CO,H. | 
2-2 2-55 1-1 1-75 wan 


It would be hazardous to offer even a tentative explanation 


these solubility changes. If the second phase were fixed (as i 
- | 
. | 


ee. 
a 
a 
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ze case of a solid solute), an increase in solubility could be inter- 
reted as indicative of compound formation. In the present 
istance, however, the saturating phase is not pure ethyl acetate, 
ut a second liquid layer containing dissolved water and acid, so 
aab no general comparison can be made. The run of the figures 
certainly very curious, the strongest and weakest acids causing 
creased solubility and the intermediate acids decreased solubility. 
he 50% decrease of solubility in the presence of trichloroacetic 
sid, a substance perfectly miscible with both ester and water, is 
articularly mystifying. 
Fie. 3. 


System : ethyl acetate-hydrochloric acid. Specific conductivities and reaction 
velocities in aqueous solution at 0°. 


A lid 


1 Tey bea (eB ne ENS PES oad + x] we, Els 
0-250 }—}— +} $+} 1 
2g of vee 
< Lo | 
= 0-200 CRT I< g 
8 un | 3 
5 of | aoe = 
3 0°150 er 3 
S 
K —t eo 0:050 = 
© 0:100 On tre ‘sical Hh 0-040 8 
© le 3 
~a 
8 WZ Ae |__| 9-030 z 
8 WZ Led) 
2 0-050 ona be AOE POL ED |G. gon 
om 
Satin Pare rages | 0-010 
@ io 


; 0 
0 0°20°4 0°6 0°8 1-0 1:2 1:4 1:6 1°8 2:0 2:2 2:4 2°6 
iF Mol. per cent. of solute. 


‘I Aydrochloric acid. II Hydrochloric acid + ethyl acetate. III Reaction 
vocities : equimolecular ester—acid solutions. 


Specific Conductivity Determinations. 

" General Radio Co. audio-oscillator, giving a nearly pure sine- 
we alternating current at a frequency of 1000 per second, was 
ted as the source of current. With solutions of high resistance 
‘harper minimum was obtained by inserting a two-stage thermionic 
ayplifier (compare Hall and Adams, J. Amer. Chem. Soc., 1919, 
4,1515). The bridge was a Leeds and Northrup 4:7 metre circular 
sde-wire instrument, with resistance coils from 0:1 to 10,000 ohms, 
Ildwin type G telephones were employed. 

The conductivity cells were of the Washburn dumb-bell type, 
Wh unplatinised electrodes. Their constants, 128-66 and 0-3694 


pil 


| in, 
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respectively, were determined according to the directions of Krai 
and Parker (J. Amer. Chem. Soc., 1922, 44, 2422). Small variab! 
air condensers were used across the resistances to balance out th 
cell capacity. All measurements were made in a large bath ¢ 
cracked ice and water, the temperature of which was constar 
at — 0:02 -+ 0:005°. Conductivities taken at known time interva 
after mixing the acid—ester solutions showed that in no case we 
it necessary to extrapolate back to zero time, hydrolysis at ( 
being sufficiently slow to exercise no significant effect during th 
time of measurement. 


TABLE II. 
Specific Conductivities of Ester—Acid Solutions at 0°. 


Solutes. 
Mol. % 0-157 0-242 0-396 0-588 0-817 1-056 
_ ,, Jae x 10% 2-158 3-294 5-283 7-693 10-47 13:28 
Hydrochloric acid 4 yyol, % =1-298 +=-1-799 2-105 ~—-2-753 , 
«X10? 15-93 21-12 24:05 29-68 


Mol. % 0:099 0-199 0-271 0-461 0-637 0-644 
Hydrochloric acid }x x 10? 1-321 2-633 3-503 5-646 7-468 17-525 
-+ ethyl acetate Mol. % 0-857 0-899 1:155 1-699 1-923 2-621 

«X10? 9-490 9-860 11:81 15:29 16:69 19-44 


Mol. % 0:212 0:270 0-475 0-524 0-738 0-907 
Trichloroacetic «X10? 2-473 3-082 5-027 5-489 7-235 8-448 
acid MoL9Z uheloug 

Rox 1 ETT 
Trichloroacetic Mol. % 0:208 0-414 0-553 0-751 1-104 
acid-+-ethylacetate \« x 10? 2-357 4196 5-214 6-414 7-914 


Mol. % 0-160 0-338 0-592 0-931 1-360 1-647 

Chio bic acid 1 &,% 10? 2909 4:354 5-793 7-180 8-441 9-080 
Negi ea Mol. % 1:755 1-999 

« X 103 9-290 9-707 . 

Mol. % 0-228 0-422 0-563 0-883 1-165 1-398 
Chloroacetic acid |x xX 108 3-357 4414 4-922 5-652 6-004 6-129 
+ ethyl acetate Mol. 9) L727 

« X 108 6-175 

Mol. % 0-205 0-390 0-619 0-817 1-071 1-174 
LB «xX 10% 3-420 4644 5-765 6-474 7-264 7-519 

cetic acid Mol. % 1-397 1-744 2-126 2-911 | 

« X 104 8-063 8-731 9-279 10-11 

Mol. % 0:169 0-306 0-557 0-861 1-112 1-412 
Acetic acid ++ x X 10% 2-962 3-736 4-720 5-315 5-563 5-699 
ethyl acetate Mol. % 1-795 2-181 2:366 2-723 

«xX 104 5-698 5-589 5-506 5-306 


The curves for the hydrochloric and acetic acid systems al 
shown in Figs. 3 and 4. It will be seen that the addition of a 
equivalent quantity of ethyl acetate brings about a considerab! 
diminution in the specific conductivity of the acid solutions, th 
effect being more pronounced the higher the concentration. I 
the acetic acid system, the reduction is actually sufficient to caut 
a decrease in the specific conductivity at concentrations abot 


i 
a | 
a 

| 
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‘6 mols. %. The percentage reduction increases as the acidic 
trength decreases, the lowering of specific conductivity for the 
our systems at 1-0 mol. % being: HCl, 16%; CCl,-CO,H, 18%; 
'H,Cl-CO,H, 23%; CH,°CO,H, 24%. (The increase in the volume 
f the solution due to the addition of ester at’ this concentration, 
; may be noted, is less than 5%. The reduction in specific con- 
uctivity, therefore, is not simply due to dilution.) 

This phenomenon has been noted previously by Griffith and 
wis (loc. cit.). ‘The most obvious means of accounting for the 
bserved decrease is to assume compound formation of ester with 
eid in the solution. If the ester-acid complex R:CO-OR’,HX 


Fia. 4. 


System : ethyl acctate—acctic acid. Specific conductivities and reaction 
velocities in aqueous solution at 0°. 


00010 a 
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0 0:50 1:00 TBO 0 pc ac 2°50 = 300 
Mol. per cent. of solute. 

I Acetic acid, alone. IL Acetic acid + ethylacetate. III Reaction velocities : 
wimolecular acid—ester solutions. 
imained non-ionised, then its formation would lower the con- 
(ntrations of both H+ and X~-, whilst if it were an electrolyte the 
lain factor would be the replacement of the rapidly-moving ion H+ 
t the less mobile complex [R:CO-OR’,H]*+. Two alternative 
‘planations, however, must also be considered: (a) the addition 
‘ ester may cause a decrease in the dielectric constant of the 
‘lution and so reduce the extent of ionisation of the acid, or (b) the 
dition of ester may simply decrease the mobility of the ions 
\thout changing their nature (compare alcohol—water mixtures, 
Odlewski, Z. physikal. Chem., 1905, 54, 751). 

None of these three explanations is in entire harmony with the 
hezing-point depression results already recorded for the same 
‘stems. The extent of compound formation demanded by the 
VOL. CXXVII. 3 P 
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first is much greater than that indicated by the freezing-poir 
curves for the three organic acids, while the hydrochloric acid dat 
are in direct conflict with any assumption of ester-acid comple 
survival in the system. Under the second explanation, not onl 
are the observed freezing-point depression curves abnormal 1 
the case of the two strong acids, but it is necessary to assume a 
enormous decrease in the dielectric constant for the addition of 
small amount of ester. The following experiments may be regarde 


Fia. 5. 
Specific conductivities of ethyl acetate-salt solutions at 0°. 
0:07 


0°06 


0°03 fF 


Specific conductivities (mhos). 


0 0-4 0:8 iy 1°6 2:0 
Mol. per cent. of solute. 


I Potassium chloride, alone. II Potassium chloride +- ethyl acetat 
III Potassium acetate, alone. IV Potassium acetate + ethyl acetate. 


as definitely eliminating these two hypotheses, and thereby increasit 
the likelihood that the third is, in general, valid. 

The effect of addition of ester on the specific conductivities ‘ 
neutral salt solutions may first be considered. Potassium chlori 
and potassium acetate were selected as typical derivatives of 
strong and a weak acid respectively, and the determinations, carrit 
out exactly as in the case of the acid solutions, are summarised | 
Table III and Fig. 5. | 

It is evident from Fig. 5 that the addition of ester decreases #] 
specific conductivity of a neutral salt solution just as effective 
as it does that of an acid solution. At a concentration of 1-0 mol. 1 


[ 
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Tasxe ITI. 
Specific Conductivities of Ester-Salt Solutions at 0°. 


Solutes. 
Mol. % 0:167 0-372 0-523 0-755 0-965 1-172 


; : x 102 0-688 1-424 1-969 32. 3. ; 
otassium chloride | Mel of edD4itrsge0 798 3:5385 4-259 


eX 107 5:°132 6-521 
otassium chloride fMol.% 0-204 0-390 0-645 1-000 1-396 1-540 
-ethyl acetate |x x 10? 0-780 1-388 2-131 3-027 3-892 4-183 


| Mol. % 0:245 0-479 0-597 0-829 1-046 1-345 

x X 102 0-688 1-270 1-547 2-063 2-507 3-091 
Seem acetate > 0l.% 1-458 1-735 
x X 10% 3-298 3-775 


poet 0-215 0-360 0-575 0-797 1-039 1-256 
otassium acetate |x x 10? 0-587 0-919 1-344 1-717 2-063 2-333 
- ethyl acetate Mol. % = 1-532 

«xX 10% 2-628 


ie decrease for potassium chloride is 17%, and for potassium 
‘etate 18%. Now there is certainly no compound formation 
tween the ester and the neutral salts in the solution to the extent 
dicated by these figures. We must consequently conclude that 
e decrease in specific conductivity induced by the presence of 
e ester is due to some general effect, quite unconnected with the 
rmation of specific additive compounds. 

A choice between the second and the third hypothesis is possible 
rough hydrogen-ion concentration measurements. If the decrease 
Specific conductivity is due to a lowering of the dielectric con- 
ant, the hydrogen-ion concentration of the solution should diminish 
1en ester is added, whereas a mere diminution in ionic mobilities 
ould leave the hydrogen-ion concentration unchanged. Un- 
tunately, attempts to obtain direct hydrogen-ion concentration 
terminations by the hydrogen electrode method gave inconclusive 
sults, since it was found that the potential of the hydrogen-ion 
»etrode in a freshly prepared acid—ester solution at 0° was practic- 
ly the same as in the same solution after hydrolysis had run to 
mpletion, or as in a solution containing equivalent quantities 
the hydrolysis products, acetic acid and ethyl alcohol. Appar- 
tly the hydrolysis is catalysed so rapidly by the platinum black 
at in the immediate vicinity of the electrode equilibrium con- 
lions are reached almost instantaneously. This point is being 
idied further, with modifications of method. 

The matter may be decided indirectly, however, by determining 
) effect of the addition of ethyl acetate on the rate of sucrose 
version in an acid solution. Previous experiments by Coppadoro 
‘zzetta, 1901, 31, i, 425) with methyl acetate suggested that a 


‘siderable reduction does occur, but Henri and des Bancels 
3P 2 
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(Compt. rend. Soc. Biol., 1901, 53, 784) and Griffith and Lew 
(loc. cit.) agree that the same ester exercises practically no influence: 
With ethyl acetate the following results at 0° were obtained : 


Mol. % of solutes. Inversion constan 
EF Stackose 11°F SEC) VG ib oes tele Ge va ws see ata thee s oe Deena 0-01045 
II. Sucrose 1:5; HCl 1-5; ethyl acetate 1:5 ............ 0-01035 


The inversion was followed in a Schmidt and Haensch polar 
meter, reading to 0:01°. The solutions were placed in a 220 mn 
tube, immersed in a bath kept at 0 + 0-01° and fitted as describe 
by Nelson and Beegle (J. Amer. Chem. Soc., 1919, 41, 559). Th 
inversion constants given above have an accuracy of + 1%, s 
it is clear that addition of ester induces practically no change i 
the rate of inversion and presumably, therefore, no significar 
change in the hydrogen-ion concentration of the solution. Dimn 
ution of ionic mobility is consequently to be regarded as the probab 
cause of the lowering in specific conductivity recorded in Tables ] 
and III. 


Determinations of Velocity of Hydrolysis. 

The rates of hydrolysis of ethyl acetate at 0° in the presenc 
of equivalent quantities of the four acids up to the saturatio 
concentration are given in Table IV below. The curves for th 
hydrochloric and acetic acid systems are shown also in Figs. 
and 4. The course of the hydrolysis was followed by the usue 
method of withdrawing samples from the bath at intervals an 
titrating against potassium hydroxide, standardised against hydrc 
chloric acid and free from carbonate. The time required fc 
solutions of the weaker acid to reach equilibrium varied frot 
1 to 8 weeks. In a few instances, it was necessary to determin 
the end value by raising the temperature to 25° for a time an 
then returning to 0° for a week or so to obtain a final adjustmen 
In view of the very small change with temperature of the positio 
of the equilibrium point in ester hydrolysis, no significant err 
could be introduced by this hastening of the reaction. 

The variation in the rate of hydrolysis, k, for the three strongt 
acids approximated 1% in a single run. Duplicate runs agree 
also within this limit. For the acetic acid solutions, where hydr 
lysis proceeded extremely slowly, the variation was as much é 
2—3%. 

For simplicity, the reaction is treated here as if it were of 
simple unimolecular type, and all the constants are calculate 
on that basis. Griffith and Lewis (J., 1908, 109, 67) have show! 
it is true, that the hydrolysis must finally be regarded as bimol: 
cular and reversible, but space does not permit us to discuss 


THE TERNARY SYSTEM: ESTER-—ACID—WATER. 1789 


tail here the complete analysis of our data according to their 
uations. This matter will be taken up in full in a later paper; 
will suffice to state at this stage that the general conclusions 
veloped below are substantially unchanged under the more rigid 
ethod of calculation. 


TABLE IV. 
Reaction Velocities in Ester—Acid Solutions at. 0°. 


_ Solutes. 

Inyl acetate + fMol,.% 0-271 0-598 0-970. 1-151 1-597 1-909 
drochloric acid \k x 102 0-440 0-966 1-62 1-91 2:74 3:26 
0-8 
1-1 


hylacetate-+ /fMol.% 0-293 0-615 ‘816 0-922 1-089 
chloroacetic acid (| k x 10? 0-440 0-902 “15 1:29 1-45 


hylacetate-+ fMol.% 0:294 0-670 0-923 1-240 1-412 1-677 
loroacetic acid \k x 10% 0-484 0-754 0-855 0-952 0-984 1:04 

hylacetate-+ /f(Mol.% 0:316 0-742 1-170 1-496 1-926 2-541 
etic acid \k x 10 0-444 0-644 0:829 0-934 0-987 1-015 


From the velocity coefficient curves for the hydrochloric acid 
stem in Fig. 3 it will be seen that the rate of hydrolysis increases 
uch more rapidly than the specific conductivity, and more rapidly 
Jeed than the molecular concentration of the acid. This may 
Interpreted in two ways. First of all, it may be regarded as 
licative of the fact, already noted in the freezing-point depression 
rve, that the “activity’’ of the hydrogen ion increases more 
pidly than the acid concentration, even when this is expressed 
molecular units. Alternatively, it may be construed, according 
the theory that the non-solvated hydrogen ion alone is catalytic- 
y active (recently revived by Rice, J. Amer. Chem. Soc., 1923, 
, 2808), as signifying that the non-hydrated fraction of the 
drogen ion increases steadily as the concentration of the two 
utes is increased, owing to the diminishing concentration of 
@ water present in the solution. The two statements are not 
itually exclusive, in all probability, but merely different methods 
expressing the same situation. 

The curve for the acetic acid system (Fig. 4), on the contrary, 
ws a velocity coefficient increasing less rapidly than the specific 
iductivity of the acid in the absence of ester, although more 
vidly than the specific conductivity of the acid in the presence 
ester. A maximum reaction velocity is obtained at about 
‘Mmols.%. Just as in the case of the freezing-point depression 
ta, the curves for the trichloroacetic acid and chloroacetic acid 
‘tems are similar in character to that for acetic acid, although 
‘ir rate of change of slope becomes less and less rapid as the 
length of the acid is increased. 

Further discussion of the rate of reaction curves would not be 
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profitable at this point, inasmuch as no quantitative comparisoi 
can be made between them and the specific conductivity curve 
until density and viscosity data for the solutions are available 
These data will also render it possible to transpose the measure 
ments here recorded to volume concentration units, and to utilis 
the results of previous workers. Whilst the conclusions drawn fron 
this investigation are only preliminary and qualitative, yet th 
use of molecular concentration ratios has enabled several importan 
deductions to be made. The main points of the work may b 
summarised briefly as follows : 


Summary. 

(1) Ethyl acetate gives a “ pseudo-ideal ”’ freezing-point depres 
sion curve in aqueous solution, and must consequently be extensivel 
hydrated. 

(2) The freezing-point depression caused by equivalent quantitie 
of ethyl acetate and hydrochloric acid taken together is greate 
than the sum of the depressions due to the two separately. I 
follows that ternary complexes and ester—acid additive compound 
are not existent in significant quantity in the aqueous solution 
This conclusion is supported by specific conductivity data. 

(3) Although the freezing-point depression curves obtained fo 
trichloroacetic, chloroacetic, and acetic acids with ethyl acetat 
appear to indicate the survival of some ester—acid complex, ye 
the specific conductivity results in these systems also demonstrat 
decisively that no appreciable fraction actually persists. Th 
freezing-point curves with these organic acids are presumably no 
strictly comparable, owing to internal pressure and associatio) 
changes. 

(4) The specific conductivity of a neutral salt, as well as of a 
acid, in aqueous solution is lowered by the addition of ethyl acetate 
This lowering is due to, diminished ionic mobilities. 

(5) The rate of hydrolysis of ethyl acetate in the presence ¢ 
hydrochloric acid in equivalent quantity increases more rapidl 
than the molecular concentration of the acid. With weaker acid: 
the rate of hydrolysis increases less rapidly. In fact, the curv 
for acetic acid shows a maximum rate near the saturation point. | 

(6) The solubility of ethyl acetate in water at 0° varies ver 
remarkably when electrolytes are also present in equivalent quantity 

(7) The rate of inversion of sucrose in hydrochloric acid solutio 
at 0° is not affected by the addition of ethyl acetate. Inasmuch 8 
the rate of ester hydrolysis is greatly increased by the addition ¢ 
sucrose, it is clear that the mechanisms of the two reactions mut 
be indamentaily different. | 
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In conclusion it must be emphasised that, although it has been 
lemonstrated that ester—acid additive compounds and ternary 
omplexes of these with water do not exist in quantity in aqueous 
olution, yet this cannot be considered as proof that such com- 
jounds do not constitute intermediate steps in the reaction. An 
nfinitesimal quantity of a compound at any one time would suffice 
or this purpose, its very instability serving, indeed, as a potent 
actor in the catalysis. The minimal extent to which these ester— 
cid compounds survive precludes further study of them by the 
reezing-point depression method, but valuable results are promised 
rom a more intensive study of compounds of the type ester—water. 
‘he factors influencing the stability of compounds of this general 
ype R-CO,R’,H,O in the presence of an acid HX as R, R’, 
nd X are varied, will be discussed in a forthcoming paper. 


CoLUMBIA UNIVERSITY, 
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ICXXXVIT.—The Preparation of Phthalamic Acids 
and their Conversion into Anthranilic Acids. 


By Ernest CHAPMAN and HENRY STEPHEN. 


‘HTHALAMIC acid results from two additive reactions: (a) from 
rater and phthalimide (Aschan, Ber., 1886, 19, 1403), and (5) from 
mmonia and phthalic anhydride (Auger, Bull. Soc. chim., 1888, 
9, 349). | 
The modification and extension of Auger’s method now described 
10w that reaction (b) affords phthalamic acids in excellent yield. 
ince these acids react smoothly with sodium hypochlorite, anthr- 
nilic acids become readily accessible. Anthranilic acid and 
:6-dibromoanthranilic acid are readily obtained from the corre- 
sonding anhydrides.* 

Unsymmetrical phthalic anhydrides, according to reaction (6), 
lay give rise to one or both of two isomeric phthalamic acids, and 
is of interest to discover (1) which amic acid is produced, alone 
7 in the greater quantity, and (2) whether this amic acid is the same 
s that formed as chief product from the corresponding imide accord- 
ig to (a). The behaviour of 3- and 4-nitrophthalic anhydrides has 
een investigated from this point of view. 

3-Nitrophthalic anhydride yielded exclusively 3-nitrophthalamic 
sid (1) (X = NH,), which gave, in 90% yield, the 3-nitroanthr- 
ailie acid (II) obtained in small yield by Hiibner by treatment of 


* The carboxyl group of phthalamic and anthranilic acids is numbered 1 
id the amide or amine group 2. 
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‘ 8-nitrosalicylic ester’ with ammonia (Annalen, 1879, 195, 37). 
Since 3-nitrophthalimide is converted by Hofmann’s method almost 
entirely into 6-nitroanthranilic acid (IV) (Seidel, Ber., 1901, 34, 
4352: Seidel and Bittner, Monatsh., 1902, 23, 415; Kahn, Ber., 
1902, 35, 472), its preliminary hydrolysis must yield 6-nitrophthal- 
amic acid (III).* The addition of methyl alcohol to 3-nitrophthalie 
anhydride is similar to that of ammonia (compare Wegscheider and 
Lipschitz, Monatsh., 1900, 21, 796). 


NOs iy NO, NO, 
Dara thr Baath Wests /\COX A \NH, 
tpi We em Noor cm TE Na | Ico. 
NAR Mlepes MiNe ab Oe iy Os 
(X = NH,,OMe) (I.) (I1.) 

NOs NO, NO, 
PU i OH a \co H WA CO,H 
| a NA les aan IcO-NH of g NH 
OOO. H aA 7 

(IIL.) (IV.) 


A comparison of these reactions shows that the negative com- 
ponent of the added molecule attaches itself to the carbonyl in the 
ortho-position to the nitro-group, and fission in all cases takes place 
at the same bond. 

4-Nitrophthalic anhydride treated according to (6b) gave an 
inseparable mixture of 4- and 5-nitrophthalamic acids (V and VI). 
The orientation and relative amounts of these acids were deter- 
mined by conversion into the 4- and 5-nitroanthranilic acids (VU 
and VIII). These were obtained in the proportion of 2 to 3, whereas 
4-nitrophthalimide gave the same mixture of acids but in the 
proportion of 4 to 1 (Seidel and Bittner, loc. cit.). This case is there: 
fore parallel with that of the 3-nitro-compounds above, since the 
amic acid produced in greater yield by (b) is obtained in smallei 
yield by (a) and vice versa. The modes of addition which pre- 
dominate in each reaction are as follows : | 


ee CO-NH, 


CO 

NO, pats scien NO cO,H PaeIas(eN ‘co, 

7 NH, 

NPN GG. 7 NBG wh Ne | 
(VL) (VIIL.) 


* Bogert and Boroschek (J. Amer. Chem. Soc., 1901, 28, 740) preparec 
this acid by the action of baryta on 3-nitrophthalimide, but wrongly describec 
it as 3-nitrophthalamic acid. Kahn (cbid., p. 3866) proved conclusively thai 
it was 6-nitrophthalamic acid identical with the acid obtained by the actior 
of ammonia on ‘“‘ 3-nitrophthal-8-methyl] ester.” a | 
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B) CO 
oY Na |, NOW \CO-NH, .. NO, SNH, 
Me rrr en de ere” ICO 
oe N\co"< OH. ee the Wea He 
(V.) (VII.) 


Here the negative components of the added molecules become 
ttached to the carbonyl in the para-position relatively to the nitro- 
roup. 

In each of the cases considered, the course of the reactions cor- 
esponds with that observed with camphoric anhydride and camphor- 
mide, the former with ammonia (reaction 6) giving «-camphoramic 
cid, whilst the latter on alkaline hydrolysis (reaction a) gives 
-camphoramic acid (see Lapworth, “On the Constitution of 
famphor,” Brit. Assoc. Reports, Section B, 1900, p. 6). 


ExPERIMENTAL. 


‘Phihalamic Acid.—Phthalic anhydride (60 g.), added gradually 
“ith stirring to warm aqueous ammonia (90 c.c.; d 0:88), dissolved 
eadily with considerable evolution of heat, and ammonium phthal- 
mate separated in fine, white crystals, the amount increasing on 
ooling (yield 70 g.; 949) (Found : NH,, 18-7. C,H,,O,N, requires 
{H,, 18-4°%). The salt was readily soluble in water, and was con- 
erted into phthalimide at about 200° without fusion. Phthalamic 
cid was obtained by treating the ammonium salt (30 g.) in cold 
vater (30 c.c.) with a slight excess of the equivalent quantity of 
oncentrated hydrochloric acid (20 c.c.) and washing the crystal- 
ne paste produced with cold water until it was free from 
hloride (yield 22 g.; 81%). The acid melted at 149° with loss of 
vater, solidified at 155°, and remelted at 231° (phthalimide). 
ischan (loc. cit.) and Auger (loc. cit.) give m. p. 149° and 140° 
espectively. Aqueous solutions of the acid are more stable at the 
tdinary temperature than would be expected from Aschan’s 
tatements. 

_Anthranilic Acid from Phthalamic Acid.—The “‘ standard sodium 
ypochlorite solution’? employed in this and all other cases to be 
escribed contained 47 g. of sodium hypochlorite and 50 g. of sodium 
ydroxide per litre. 

Well-powdered phthalamic acid (20 g.) was gradually added to 
ne stirred, cooled standard hypochlorite solution (200 c.c.), which 
ecame dark reddish-brown. Sodium hydroxide (10 g.) dissolved 
1 water (50 c.c.) was now added, the mixture warmed at 80° for 
few minutes, cooled, and acidified with acetic acid. The anthr- 
nilic acid isolated by means of copper acetate and liberated from 
ae copper salt with hydrogen sulphide melted at 145°. ‘ 

| 3P 
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4 : 5-Dibromophthalamic Acid.—4. : 5-Dibromophthalic anhydride 
prepared by boiling the corresponding acid with acetic anhydric 
for several hours, separated from the filtered solution on cooliz 
in fine, buff-coloured needles, m. p. 204—208°. Bliimbein (be 
1884, 17, 2490) gives m. p. 208°, Lesser and Weiss (Ber., 191], 
46, 3937) give 214—215°. Ammonium 4 : 5-dibromophthalama 
was obtained in pale brown crystals (15-5 g.; 91°) by treating tl 
anhydride (15 g.) with concentrated aqueous ammonia (22 c.¢. 
On heating, it partly melted at 227° with loss of water and ammoni 
resolidified a few degrees higher, and remelted at 238—242° (tl 
m. p. of 4: 5-dibromophthalimide is given as 242—245° by Bruel 
Ber., 1901, 34, 2741, and as 245—246° by Lesser and Weiss, loc. cit 
see also below). 4: 5-Dibromophthalamic acid was obtained fro} 
the ammonium salt by addition of acid (yield 939%) (Found: B 
49-6. C,H;O,NBr, requires Br, 49-59%). It softened with loss ( 
water at 215—216°, being converted into the imide. Its aqueot 
solution reacted acid to litmus. | 

4:5-Dibromophthalimide was obtained in glistening yello 
needles, m. p. 242—243° (Found: Br, 52-85. Calc., Br, 52-49% 
by fusing the above amic acid and crystallising the product froi 
alcohol. 

4: 5-Dibromoanthranlic Acid.—Dibromophthalamic acid (10 g 
1 mol.) was added as before to standard hypochlorite solutio 
(50 c.c.), and the yellow solution, after addition of sodium hydroxi¢ 
(3 g.; 2 mols.) in water (20 c.c.), warmed to 80°, the colour becomin 
deep red. The 4: 5-dibromoanthranilic acid precipitated from th 
solution, when cold, by a slight excess of hydrochloric acid crysta 
lised from dilute alcohol as a pale brown powder, m. p. 224° (decomp 
(8-5 g.; 94%) (Found: Br, 54:4. Calc., Br, 54-29%). Lesser an 
Weiss (loc. cit.) give m. p. 228—229°. The acid is almost insolubl 
in cold water, slightly soluble in hot water, and dissolves in th 
usual organic solvents except benzene, chloroform, and ligroin. 

Treatment of the acid with acetic anhydride gave 4 : 5-dibromo-2 
acetylaminobenzoic acid, fine, buff-coloured needles from dilut 
alcohol, m. p. 240° (Found: Br, 47-3. C,H,O,NBr, require 
Br, 47-4°%). Lesser and Weiss (loc. cit., p. 3944) state that the 
obtained the acetyl derivative of the anhydride of the acid, m. { 
184—185°. 


* Anhydrides of dibasic acids are conveniently and rapidly prepared i 
almost quantitative yield as follows. The finely powdered, dry sodiut 
hydrogen salt (1 mol.) is warmed with thionyl chloride (3 mols.) for $ how 
and the excess of thionyl chloride removed by distillation. The residue ¢ 
anhydride and sodium chloride is boiled with benzene, and the solution filteret 

hig he tek patie crystallising from the filtrate.—H. 8. 


xf 
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3- and 4-Nitrophthalic Anhydrides—The corresponding acids 
re obtained by nitrating phthalic anhydride by Lawrence’s 
thod (J. Amer. Chem. Soc., 1920, 42, 1872). An attempt to 
ivert the 4-nitro-acid into its anhydride by heating at 165—168° 
3 hours as described by Lawrence (Joc. cit.) proved unsatisfactory, 
» product containing much unchanged acid. Both anhydrides 
re finally obtained by fusing the acids and then reducing the 
ssure to 22mm. The temperature (thermometer in the liquid), 
J—230° for the 3-nitro-acid and 170—180° for the 4-nitro-acid, 
s maintained for 1 hour. The brown melts crystallised on 
ling, and after recrystallisation from acetic anhydride or acetyl 
oride, 3-nitro- and 4-nitro-phthalic anhydrides were obtained 
ich melted at 163—164° and 115°, respectively, as stated by 
wrence. 
}-Nitrophthalamic Acid.—The ammonium salt and the acid were 
ained from the anhydride (30 g.) and concentrated aqueous 
monia (45 c.c.) by the methods previously described (yield 87%). 
e ammonium salt consisted of fine, white needles, m. p. 172° 
comp.), giving 3-nitrophthalimide, m. p. 217—218° (Bogert and 
roschek, loc. cit., m. p. 215—216°; Kahn, Ber., 1902, 35, 471, 
p- 216°). 3-Nitrophthalamic acid softens with loss of water at 
3—174°, being converted into the imide. It is sparingly soluble 
eold and readily in hot water. 
-Nitroanthranilic Acid.—Finely powdered 3-nitrophthalamic 
d(10 g.; 1 mol.) was treated with 75 c.c. of standard hypochlorite 
ation (1 mol. NaOCl) in the usual way, and sodium hydroxide 
z.; 2 mols.), dissolved in water (10 c.c.), was added to the yellow 
ition. When the mixture was warmed at 80°, its colour gradually 
ame brick-red and a bright red precipitate of sodium 3-nitro- 
hranilate separated. Sufficient water was added to the cooled 
tture to dissolve the salt, and treatment with a slight excess of 
centrated hydrochloric acid precipitated 3-nitroanthranilic acid 
a bright yellow, crystalline powder (7:8 g.; 90%). The acid 
3 obtained in fine, yellow needles, m. p. 208—209°, from hot 
ser (Hiibner, loc. cit., gives m. p. 204°); in other respects the 
perties of the acid agree with those described by Hiibner. 
‘luction of the acid with stannous chloride showed no indication 
he formation of a derivative of m-phenylenediamine, and hence 
1 absence of 6-nitroanthranilic acid. 
-Nitro-2-acetylaminobenzoic acid, obtained by boiling the above 
‘l (2 g.) with acetic anhydride (4 c.c.) for 5 minutes, crystallised 
‘a hot water or acetic acid in bright yellow, silky needles, m. p. 
3—181° (Found: N, 12-6. C,H,0,;N, requires N, 125%). 
- and 5-Nitrophthalamic Acids.—A mixture of the BROTH AIAG 
OR het 
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salts of these acids was obtained by dissolving 4-nitrophthal 
anhydride (60 g.) in warm aqueous ammonia (90 c.c.). The produ 
(50 g.), consisting of fine, white needles, melted at 190—192° wit 
decomposition, solidified, and remelted at 197—198°, having bee 
converted into the imide (Bogert and Boroschek, loc. cil., aE 
Seidel and Bittner, loc. cit., give m. p. of 4-nitrophthalimide ; 
197° and 202°, respectively). The mixture of 4- and 5-nitr 
phthalamic acids was obtained in almost theoretical yield by add 
tion of concentrated hydrochloric acid (40 c.c.) to the ammoniu 
salts (48 g.) in water (60 c.c.). Attempts to separate the acids we 
unsuccessful. The mixture melted at 150—155° with loss of wate 
~pesolidified and remelted at 198°, since both acids yield 4-nitr 
phthalimide. 

4. and 5-Nitroanthranilic Acids——A mixture of these acids w 
obtained by treating the above mixture of phthalamic acids (35 § 
with standard hypochlorite solution (266 c.c.) as described in tl 
previous case. Acidification of the resulting red solution gave 
mixture (22 g.; 73%) of yellow and orange particles, m. p. 250: 
260° (decomp.). A portion of the mixture (15 g.) was extract 
in a Soxhlet apparatus for 2 days with boiling xylene, which becar 
orange-red. The insoluble, pale yellow residue of 5-nitroanthranil 
acid, amounting to 60% of the original mixture, crystallised fro 
dilute alcohol in glistening, yellow needles, m. p. 280°, agreeing Wi 
m. p. given by Seidel and Bittner (Joc. cit.). The m. p. of 5-nitr 
anthranilic acid is also variously given as follows: 263° (Hiubne 
loc. cit.) ; 270° (Rhalis, Annalen, 1879, 198, 112); 261—263° (Krat 
J. pr. Chem., 1896, 53, 222); 263° (Rupe, Ber., 1897, 30, 1097 
269-5° (Ullmann and Uzbachian, Ber., 1903, 36, 1802). The ac 
showed the characteristic reactions described in the literature 1 
5-nitroanthranilic acid, and was converted into 5-nitro-2-acety 
aminobenzoic acid, melting at 216—217°, by boiling with ace 
anhydride. Seidel and Bittner (loc. cit.) and Ullmann and Uzbachi 
(loc. cit.) give, respectively, 214—215° and 221° as the melting poi 
of the acetyl derivative. 

The xylene solution obtained above left on evaporation a de 
orange, flaky mass (40°, of the original mixture) of 4-nitroantl 
anilic acid containing a little of its isomeride. Attempts to pur 
the acid by repeated crystallisation from alcohol as described 
Seidel and Bittner (loc. cit.) were unsuccessful, as the final prod 
melted indefinitely between 237—240°, and was evidently still 
mixture. It was therefore converted into the acetyl derivative 
boiling with acetic, anhydride for a few minutes. The crude prodt 
melted at 190—195°, but after crystallising several times from dil 
alcohol, 4-nitro-2-acetylaminobenzoic acid was obtained in lo 
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lender needles, m. p. 217° (Seidel and Bittner, loc. cit., give 188°; 
Wheeler and Barnes, Amer. Chem. J., 1898, 20, 229, give 215°). 
\ solution of the acetyl compound in a small quantity of hot alcohol 
vas boiled with a few c.c of concentrated hydrochloric acid; on 
ooling, pale yellow needles of the hydrochloride of 4-nitroanthr- 
milic acid separated. 

The hydrochloride was dissociated by water and the 4-nitroanthr- 
nilic acid produced crystallised from dilute alcohol in stout, deep 
range prisms, m. p. 269° (Wheeler and Barnes, loc. cit., Wheeler 
nd Johns, Amer. Chem. J., 1910, 44, 443, and Seidel, Ber., 1901, 
4, 4352, give the m.p. of 4-nitroanthranilic acid as 264°). 4-Nitro- 
nthranilic acid was difficultly soluble in hot water, and on reduction 
ith stannous chloride and hydrochloric acid gave an indication of 
he formation of a derivative of m-phenylenediamine. 


It is desired to acknowledge a grant made to one of us (E. C.) 
y the Department of Scientific and Industrial Research, which 
nabled him to participate in this work. 
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1CXXXVITI.— Derivatives of d-0-Aminobenzoylvaleric 
Acid. 


By Maraaret JoycrE PATERSON and SYDNEY GLENN 
PRESTON PLANT. 


HE acid, m. p. 129°, obtained by Perkin and Plant (J., 1923, 123, 

78) and thought to be 5-o-aminobenzoylvaleric acid, 
NH,°C,H,°CO-[CH,],-CO,H, 

as been converted thts 6-0- ores chancel aléric acid, identical 

ith the compound prepared by von Braun (Ber., 1922, 55, 3761) 

y the oxidation of hexahydrodiphenylene oxide, and its constitution 

lus proved. 

_6-0-Aminobenzoylvaleric acid cannot be made to yield a pheny]l- 
ydrazone, oxime, or semicarbazone under the usual conditions, but 
le corresponding derivatives of 6-o-hydroxybenzoylvaleric acid 
‘e readily obtained. 

8-0-Benzoylaminobenzoylvaleric acid is converted by alkalis 
‘to §-0-aminobenzoylvaleric acid and a small quantity of y-4- 
ydroxy-2-phenylquinoline-3-butyric acid (Perkin and Plant, loc. 
.). We now find that 3-0-acetylaminobenzoylvaleric acid gives 
otter yields of the corresponding y-4-hydroxy-2-methylquinoline- 
‘butyric acid as well as some 8-o-aminobenzoylvaleric acid. 
0-Formylaminobenzoylvaleric acid, on hydrolysis under various 
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conditions, gave exclusively $-o-aminobenzoylvaleric acid, no trace 
of a quinoline derivative being detected. 


EXPERIMENTAL. 

§-o-Hydroxybenzoylvaleric Acid.—The diazo-solution preparec 
from $-o-aminobenzoylvaleric acid (4 g.) in concentrated hydro: 
chloric acid (20 c.c.) and water (40 c.c.) by means of sodium nitrite 
(1:3 g. in 15 c.c. of water) was heated on the steam-bath unti 
nitrogen ceased to be evolved. The oil produced, which solidifiec 
on cooling, was boiled in dilute sodium hydroxide solution for li 
minutes with charcoal. 58-o-Hydroxybenzoylvaleric acid, obtainec 
by acidifying the solution with hydrochloric acid, crystallised fron 
petroleum in long, colourless needles, m. p. 94°; von Braun (loc 
cit.) gives m. p. 94° (Found: C, 65:0; H, 6-3. Cale., C, 64:8 
H, 6-3%). 

The phenylhydrazone, prepared by warming the acid with a 
excess of phenylhydrazine for a few minutes and treating th 
mixture with dilute acetic acid, had, after recrystallisation fron 
aqueous alcohol, the m. p. (173°) recorded by von Braun. 

$-0-Acetylaminobenzoylvaleric Acid.—A mixture of $-0-amino 
benzoylvaleric acid with twice its weight of acetic anhydride wa 
heated on the steam-bath for an hour, the excess of acetic anhydrid 
removed under reduced pressure, and the residue poured into water 
The viscous product was boiled in alcohol with charcoal, and th 
§-o-acetylaminobenzoylvaleric acid precipitated, after filtration, by 
the gradual addition of water was recrystallised from aqueou 
alcohol, separating in colourless plates, m. p. 153° (Found : C, 64:1 
H, 6-7. C,,H,,0,N requires C, 63-9; H, 65%). 

A solution of 8-o-acetylaminobenzoylvaleric acid (2 g.) am 
potassium hydroxide (5-5 g.) in water (35 c.c.) was heated for ai 
hour on the steam-bath, cooled, acidified with hydrochloric acid 
and the small colourless precipitate removed. The filtrate yielde 
§-o-aminobenzoylvaleric acid on successive treatment with potassiut 
hydroxide and acetic acid. The small precipitate was recrystallise 
from alcohol, when y-4-hydroxy-2-methylquinoline-3-butyrie ai 
was obtained in colourless prisms, m. p. 241° (Found: N, 57 
C,,H,;0,N requires N, 5:7%). 

§-0-Formylaminobenzoylvaleric  Acid.—8-o-Aminobenzoylvaleri 
acid (3 g.) was heated with formic acid (6 g.) on the steam-bath fo 
3 hours under reflux, the excess of formic acid was then allowed t 
escape, and the residue yielded a colourless solid on rubbing wit. 
alcohol. The product was recrystallised from alcohol and 
formylaminobenzoylvaleric acid separated in colourless plates, m. } 
160° (Found: N, 5:5. C,,;H,,0,N requires N, 5-6%). 


at 
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CCXXXIX.—Bismuth Dihydride. 


3y EpwaRD JosEPH WEEKS and JOHN GERALD FREDERICK DRUCE. 


[AVING prepared solid hydrides of arsenic (Chem. News, 1924, 129, 
1) and antimony (this vol., p. 1069), we turned our attention to 
he analogous solid bismuth dihydride. The method of preparation 
yas similar to one employed in the case of antimony dihydride. <A 
olution of bismuth chloride in hydrochloric acid was added 
radually to a mixture of zinc (free from iron, carbon, and arsenic) 
nd fairly strong hydrochloric acid which was rapidly evolving 
ydrogen. At each addition of bismuth chloride the evolution of 
as slackened and could even be made to stop altogether until the 
ismuth chloride was converted into a flocculent, grey precipitate : 
BiCl,+8H=Bi,H,+6HCl. When all the zinc (which was used in 
xcess) had dissolved, the liquid was rapidly filtered in an atmo- 
phere of hydrogen, and the precipitate washed many times, first with 
ot strong hydrochloric acid, then with hot dilute acid, and finally 
ith water until the wash water was neutral. The residue was 
rained and dried, first in hydrogen and finally in a vacuum 
esiccator over concentrated sulphuric acid. 

On heating in a vacuum, bismuth dihydride gave off hydrogen 
nd left metallic bismuth—quite different from the amorphous 
ihydride. 0-9184 G. gave 44 e.c. H,, measured at N.7'.P., and 
‘9144 ¢. Bi: H, 0-45; Bi, 99-57. 1-4606 G. lost 0-0088 g. H,: 
31, 99-39; H, 0-60. On combustion 0-4849 g. gave 0-0235 g. H,O: 
[, 0-54 (Bi,H, requires Bi, 99-52; H, 0-48%). 

The volume of hydrogen produced was determined as follows: 
‘he apparatus, with a quicklime tower in series, was twice filled 
ith nitrogen (previously passed over red-hot copper) and exhausted 
s completely as possible. The pressure (y) was noted, and the 
ihydride heated until there was no further pressure change. The 
nal pressure (P) was noted, the apparatus re-exhausted until the 
ressure was p, and nitrogen, measured at atmospheric pressure, 
dded until the pressure P was restored. 

Bismuth dihydride, heated in a tube in absence of air, gave a 
urror of bismuth just beyond the heated zone. It thus appeared — 
hat the dihydride might decompose into bismuth and bismuthine: 
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3Bi,H,=2BiH,+4Bi. (On heating, cuprous hydride decomposes 
into copper and cupric hydride [Barlett and Merrill, Amer. Chem. J,, 
1896, 17, 185], and arsenic dihydride into arsenic and arsine [Moser 
and Brukl, Monatsh., 1924, 45, 25]). To test this supposition, 
bismuth dihydride was heated in a stream of purified hydrogen. 
The issuing gas produced in silver nitrate solution a grey precipi- 
tate soluble in nitric acid. This was presumably silver bismuthide, 
as its nitric acid solution, after removal of silver as chloride, gaye 
with hydrogen sulphide a dark brown precipitate, the solution of 
which in warm dilute nitric acid deposited bismuth hydroxide on 
addition of ammonia. 

Bismuth dihydride prepared as described above was free from 
zinc, carbon, and iron, but contained a trace of chlorine (less than 
0-02°%, estimated by Volhard’s method). 

Fused potassium nitrate reacted very vigorously with the 
dihydride (as with antimony dihydride), but only slowly oxidised 
finely divided bismuth. 


BATTERSEA GRAMMAR SCHOOL, 
St. Joun’s Hitz, 8.W. 11. [Received, June 17th, 1925,] 


COXL.—The Nature of the Alternating Effect in Carbon 
Chains. Part III. A Comparative Study of the 
Directive Hfficiencies of Oxygen and Nitrogen Atoms 
in Aromatic Substitution. 


By Eric LeicHton HouMEs and CHRISTOPHER KELK INGOLD. 


THAT directive action in aromatic substitution is the result of an 
alternating effect transmitted throughout the ring from a key- 
atom is generally agreed, and a convincing confirmation has 
recently been given by Pyman and Stanley (J., 1924, 125, 2484; 
compare Ann. Report, 1924, pp. 110—111). It is the authors’ 
hope to elucidate more precisely the nature of the alternation, 
and to discover, by the close study of different key-atoms, what 
property of them it is that is so effectively propagated. 

In Part I (this vol., p. 513) it was stated (and this is the starting 
point of the present investigation) that whilst Kermack and 
Robinson’s hypothesis of an induced electropolar effect requires 
that oxygen, owing to the greater pre-formation of its octet, should 
predominate over nitrogen as a negative key-atom,* the theory ot 
alternating free and bound affinity demands that the more wn- 
saturated element, tervalent nitrogen, should have greater influence. 


* For references see Part I. 


A, 
I 


Pi 
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‘rom this theoretical distinction there followed a difference in the 
redicted orienting effect of the nitroso-group, which was determined, 
nd found to be in agreement with the affinity theory. It was 
hen suggested, however (compare Part II, this vol., p. 870), 


(1) that a group with two competing negative atoms con- 
stituted a case too complicated for prediction by the polarity 
principle * (Lapworth), 

(2) that the observed facts could be accommodated by 

means of a different point of view when the atom united to 
the ring contained a “lone pair” of electrons (Robinson). 


A group was therefore examined which (a) contained only one 
egative atom, oxygen, (b) was joined to the benzene ring through 
arbon; and again results were obtained indicating that directive 
etion depends on the unsaturation rather than the polar character 
f the atom producing it. Since these results were communicated, 
owever, a further suggestion has been made (Robinson, Chem. 
nd Ind., 1925, 44, 260) which fundamentally affects much of 
1e work in progress. It is 


(3) that atoms, previously regarded as negative, such as 
the oxygen atoms of ethers, may, upon occasion, act as positive 
key-atoms by functioning as “ onium ”’ elements.+ 


Such an occurrence would obviously reverse all the effects to 
e expected on the basis of the polarity theory, which could thus, 
1 a given case, be reconciled with results otherwise opposed to it. 

A series of experiments has therefore been instituted which, 
hile still adhering to conditions (a) and (6) imposed by the earlier 
rgaments of Lapworth and Robinson (1) and (2), in addition 
xercises a definite control over the suggestion that “‘ onium ” 
ction may account for the exceptions to the polar hypothesis. 

Tn order to understand the method employed it is necessary to 
onsider the position of toluene and its monosubstituted products 
ith regard to the principles both of alternating affinity and of 
lternate polarities. 

It is fundamental to the affinity theory (compare Flirscheim, 
. pr. Chem., 1907, 76, 197; Chem. and Ind., 1925, 44, 249) that 
arbon exerts valencies of more, or less, than the normal affinity 
ontent only when compelled to do so by the varying requirements 
f an unsaturated, or over-saturated, attached atom or group 


* That of 1920 was referred to. 

? For example, by forming salts with the reagent employed. 

~ Yet another argument (4), recently advanced by Lapworth, is alluded 
) below (p, 1808). 
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(mechanism of propagation). In toluene, the phenyl group is 
unsaturated (possesses residual affinity), and hence the methyl 
carbon atom is strongly bound, a condition leading to op-substi- 
tution (I). If, now, one of the methyl hydrogen atoms is replaced 
by a feebly unsaturated atom (X), the demand made by this atom 
on the affinity of the carbon atom may be insufficient to counter- 
balance the unsaturation of the phenyl group, and again op-substi- 
tution will be the rule (II). On the other hand, if, in place of X, 
a strongly unsaturated atom (Y) be introduced, then the unsatur- 
ation of the phenyl group may be overcome, when a condition will 
arise leading to m-substitution (III) : 


AL pela ! H 
bbe ae tar gay 3 ay fake Aten 2 fe 
\-7 iy cies ue \-7 4 
ane (IL) + \(ITTS 


Now bivalent oxygen is a feebly unsaturated atom, whilst ter- 
valent nitrogen is strongly unsaturated. Hence, if we consider 
comparatively benzyl alcohols (IV) and benzylamines (V) (using 
these terms in a general sense to include alkyl and acyl derivatives, 
etc.), the former should be more closely represented by condition 
(II), and the latter by condition (III) : 


(IV.) C,H;—CH,—OA C,H;—CH,—NAA' (V.) 


That is to say, the benzylamines should show a greater tendency 
than the benzyl alcohols towards m-direction, as against op-direc- 
tion. Of course, if oxonium or ammonium salt-formation were 
to take place op-direction might result, but, whilst benzyl alcohols 
should exhibit op-direction in any event, benzylamines should show 
m-direction if and when salt formation does not occur. Jt is 
still true, therefore, that according to the affinity theory derivatives of 
benzylamine should show a greater tendency towards m-substiiution, 
and a smaller tendency towards op-substitution, than the benayl 
alcohols, and that m-directive action. should never prevail amongst the 
latter. 

On the other hand, according to polarity principles, hydrogen 
is feebly key-positive (Lapworth, Mem. Manchester Phil. Soc., 
1920, 64, No. 3, p. 5); thus, the op-substitution of toluene may 
be explained (VI). If, now, in place of one of the methyl hydrogen 
atoms a weakly negative atom (P) be introduced, this may con- 
ceivably be insufficient to counterbalance the effect of the two 
remaining hydrogen atoms, and, in this case, op-substitution will 
still prevail (VII). If, however, a strongly negative atom (Q) is 
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ntroduced, the influence of the hydrogen atoms should be over- 
some and m-direction should ensue (VIII). 


— tm Bs piss Ht = H+ 
Mn ie A Bet Rn Rie 
eee Gr MIEN NE oe Nod AR 


(VI.) (VII.) (VIII.) 


Now, if the oxygen atom in benzyl alcohols acts as a negative 
<ey-atom, it must be assumed to be like “P”’ rather than like 
*Q,” for benzyl alcohol derivatives display op-substitution (see 
below). It follows, however, from the electronic principles alluded 
0 at the commencement that if oxygen is not negative enough 
ffectively to control substitution from the position it occupies 
n the benzyl alcohols, then, a fortiori, more feebly negative nitrogen 
n the same position will be unable to do so. Assuming, then, 
that we have to do with negative key-atoms in both cases, there 
should be a greater tendency to op-substitution, and a smaller 
endency to m-substitution, amongst benzylamines than amongst 
yenzyl alcohols. 

Let it now be supposed that these elements act in their “ onium ”’ 
orms, that is, as positive key-atoms. This would supply a con- 
venient explanation of op-substitution in benzyl alcohols, since 
the methyl carbon atom would now be attached to three positive 
toms as in toluene. But the same principles which require that 
oxygen shall be more effective than nitrogen as a negative key- 
tom also demand that nitrogen shall be more powerful when 
both are positive (Robinson, loc. cit.). Hence, in this case also, 
benzylamines should show the greater tendency to op-substitution. 

The only remaining case is that which would arise if, under 
the condition of substitution, oxonium salts could not be formed, 
whilst the more stable, analogous, ammonium salts could; oxygen 
would then be a negative key-atom, but nitrogen might be a positive 
me. Obviously, however, the expected differences would, in this 
sase, still be in the sense previously stated, only greater. Thus, 
m all three cases, polarity principles require that benzylamines shall 
show a greater tendency to op-substitution, and a smaller tendency to 
m-substitution, than benzyl alcohols. 

It follows, then, that in the comparison of benzyl alcohols with 
benzylamines we have a clear issue, from which the theory of 
“onium-action ” provides no exit. 

Before the commencement of this investigation several observ- 
ations had already been made indicating the prevalence of op- 
substitution in benzyl alcohol derivatives of the type C,H,CH,O-A. 
Thus Beilstein and Kiihlberg (Annalen, 1868, 147, 341) obtained 
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p-nitrobenzyl acetate by direct nitration of benzyl acetate 
(A = -CO-CH,), whilst Staedel (Annalen, 1883, 217, 177) prepared 
several p-nitrobenzyl derivatives by the nitration of benzyl phenyl 
ethers and benzyl tolyl ethers (A = Aryl).~ 

These results have now been generalised by the study of a number 
of new cases, chosen in such a way as to give oxonium salt form- 
ation, if it occurs, the greatest possible opportunity to manifest 
its effects. ! 

As is well known, the stability of ammonium salts (and, it may 
be assumed, of “ onium ’”’ salts in general) is diminished by the 
introduction of an acyl group in the place of an alkyl group (com- 
pare the basicity of acetanilide with that of methylaniline); and 
the greater the strength of the acid from which the acyl group is 
derived, the’ more completely is the salt formation suppressed, 
It might therefore be supposed that even if oxonium salt formation, 
resulting in “ positive ’’ oxygen, is the cause of the op-substitution 
of benzyl ethers (A = Alkyl), the tendency to this type of substi- 
tution would become less marked in benzyl esters of weak acids 
(e.g., benzyl acetate; A = -CO-CH,), and non-existent in benzyl 
esters of strong mineral acids (e.g., benzyl nitrate; A = -NO,), 
since an anhydro-union with strong mineral acids, like nitric acid 
and sulphuric acid, is known to suppress the ammonium salt 
formation of even comparatively strong nitrogen bases. 

Cases have therefore been selected in such a way as to furnish 
examples of all these three classes; and in every case it has been 
found that substitution occurs mainly or exclusively in the para- 
position; m-substitution has in no instance been observed, despite 
the variation in the character of “ A.” 

The examples on which the above general statement is based 
are collected together in the following table. They afford, it is 
believed, strong grounds for the conclusions (a) that op-substitution 
prevails amongst benzyl alcohol derivatives of the type C,H,;-CH,—-OA, 
whether A = alkyl or acyl ; (b) that oxonium salt formation with the 
reagent employed is not the cause of this phenomenon. 


TABLE [. 
C,H,-CH,-OA 
(class). A:OH. Result. Reference. 
fs-Tribromophenol This paper. 


He Pp 
A = alkyl ' \mm-Dinitro-p-cresol p Staedel (loc. cit.).* 
A'= acyl : fp Beilstein and Kihlberg 
(A:OH = weak acid) { Acetic acid \ (loc. cit.). 
sA = acyl Picric acid p This paper. 
\(A:OH = strong acid) { Nitric acid p He a 


* Staedel also nitrated the ethers in which A = phenyl, o-tolyl, and 
p;tolyl. In each of these cases nitro-groups entered both rings, but that 
which entered the benzyl group did so in the p-position, 
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In the case of the benzylamines the only compounds of the 
type C,H;-CH,-NAA’ which have been examined (so far as we 
have ascertained) in regard to ring substitution prior to this in- 
vestigation are (i) acetobenzylamide (A = H; A’ = -CO-CH,) and 
(2) phenylethylbenzylamine (A = Et; A’= Ph). Acetobenzyl- 
amide was found by Amsel and Hofmann to nitrate in the p-position — 
(Ber., 1886, 19, 1286), a result which we have confirmed. Phenyl- 
ethylbenzylamine was stated by Schultz and Bosch (Ber., 1902, 
35, 1292) to nitrate in the m-position in the benzyl group; but 
doubt has been cast on this result (Fliirscheim, Chem. and Ind., 
1925, 44, 285), a doubt which is increased by the investigation 
recorded in this paper of the closely analogous case of methyl- 
dibenzylamine (A = Me; A’ = CH,Ph).* It was apparent at the 
outset, therefore, that no general conclusion with regard to the 
substitution of benzylamine could be reached on the basis of 
previously recorded observations, and that before the comparison 
with benzyl alcohols could be made a series of experiments on 
representative benzylamines was necessary. 

Such a series has now been carried out, and, in contrast to the 
results obtained with the benzyl alcohols C,H,-CH,:OA, it has 
been found that predominant m-substitution is of common occurrence 
amongst derivatives of benzylamine, C,H;-CH,-NAA’. 

As in the previously described experiments, examples were selected 
in such a way as to obtain a maximum of control over effects due 
to ammonium salt formation. 

The effects to be expected from this cause may be inferred from 
the case of aniline. As Bamberger has shown (Ber., 1895, 28, 
399), aniline nitrate, C,H,;*-NH,°O-NO,, which is m-orienting, readily 
loses water under ordinary nitration conditions, giving the nitro- 
amine C,H.-NH-NO,, which, being insufficiently basic to form a 
stable salt, substitutes in the op-positions; hence arise the different 
results obtained with different concentrations of nitric acid. Now 
according to the theory of alternating free and bound affinity the 
nitrogen atom in benzylamine should direct oppositely to that in 
aniline when both are in analogous states of combination. Hence 
it might be expected that under ordinary conditions (concentrated 
nitric acid in the cold) the conversion of the nitrate C,H,-NH,°O-NO, 
into a non-basic nitroamine, C,H,-NH-NO,, would determine pre- 
dominant substitution in the m-position. Actually this is what 
Occurs, and, apart from analogy with aniline, there are four inde- 


* We have not, however, repeated the experiments of Schultz and Bosch, 
since Prof. Robinson has recently announced his intention of doing so (Chem. 
and Ind., 1925, 44, 227). 
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pendent experimental reasons for concluding that it takes place in 
the manner suggested. 

First, under the conditions stated, the m-nitro-derivatiye, 
although the main product (about 80%), is not the only one; a 
certain quantity of p-isomeride is also formed, and (possibly) a 
trace of ortho. If the explanation given is correct, this must 
mean that, at the temperature employed (0° to 20°), only a part 
of the benzylamine nitrate is dehydrated to benzylnitroamine. 
But an increase of temperature would easily complete this reaction 
and should thus suppress the by-products of the nitration. This 
was found to be the case: on nitration at temperatures approach- 
ing 100° the m-nitro-compound was obtained as sole produ and 
in practically quantitative yield.* 

Secondly, it follows from the explanation given that the pheno- 
mena observed with benzylamine should be reproduced in secondary 
benzylamines, C,H,-NHAIlk, but should disappear in tertiary 
derivatives, C,H.*N(Alk),, since these lack the amino-hydrogen 
atom necessary for dehydration of the salt to the nitroamine. 
This was also observed, exactly as predicted : methylbenzylamine, 
C,H,-NH:-CH;, and dibenzylamine, C,H,-NH-C,H,, behave like 
benzylamine, directing mainly or exclusively towards the m-position, 
according to temperature; methyldibenzylamine, however, 
(C,H,),NMe, showed no tendency towards m-direction, but, on 
the contrary, gave op-products. 

Thirdly, since the introduction of one acyl group into a primary 
amine greatly increases the difficulty of replacing the second amino- 
hydrogen atom by another acyl group, the prior mono-acylation 
of a benzylamine should prevent the formation under nitration 
conditions of a nitroamine, excepting, perhaps, at high temperatures. 
Now benzylamines are strong bases, and hence, if the acyl group 
introduced is derived from a weak acid, the substituted amide 
should be definitely basic, and it is true that acetobenzylamide, 
acetodibenzylamide, and acetomethylbenzylamide form moderately 
stable salts with mineral acids. Substitution in these compounds 
should therefore take place mainly, if not exclusively, through 
their salts, that is, in the op-positions. Further, since acetodibenzyl- 


* This temperature effect may be contrasted with that observed in the 
sulphonation of aniline, which gives m-sulphanilic acid in the cold (substitution 
of sulphate) but p-sulphanilic acid at higher temperatures (the sulphate 
passing into the sulphamic acid under these conditions). Thus an increase 
of temperature causes a p-product to appear in the place of m-, in the case 
of aniline, but a m-product in the place of p-, when the directing nitrogen 
atom is one place further from the nucleus, as in benzylamine—a clear 
illustration, similar in some respects to that given by Pyman and Stanley 


(loc. cit.), of the essentially alternating character of the effect transmitted. 
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mide, (C,H~),NAc, is a definitely weaker base than methyldi- 
enzylamine, (C,H,),NMe, larger quantities of m-by-products 
n0uld be produced in the former case than in the latter. Again, 
mee acetobenzylamide and acetomethylbenzylamide are stronger 
ases than acetodibenzylamide, the last should yield the largest 
uantity of m-compound. Again, in the case of the very feebly 
asic acetodibenzylamide, the addition of different quantities of 
rater to the nitric acid used in the nitration should, by altering 
ae degree of hydrolysis of the salt, change the proportion of by- 
roducts: the more dilute the acid, the greater should be the 
roportion of m-product obtained. All these predictions have 
een verified in every detail. 

Fourthly, diacetylbenzylamine, C,H,*N(CO-’CHs),, is non-basic, 
nd it obviously cannot form a nitroamine; it must therefore 
itrate as such. It follows that if m-substitution in benzylamine 
erivatives depends essentially on tervalent nitrogen, then this 
iacetyl compound, unlike the monoacetyl derivatives previously 
ientioned, should undergo substitution wholly or mainly in the 
position. This was found to be the case. 

These results, which are summarised in the following table, 
ive strong grounds * for the conclusion that not only is m-substi- 
ition a frequent experience with benzylamine derivatives, 

: C,H;"CH,NAA’, 

ut that it prevails in every case in which substitution through a salt 

} pr ecluded. 


| TABLE II. 

| Main By 

Substance. product. Lpathis Reference. 
SMEVIANTING ............5..... m pt This paper. 

ethylbenzylamine be wid. m x x 

ibenzylamine ............... m pt ‘i 5 

ethyldibenzylamine ......  (o) = Ap + 
cetobenzylamide ......... p m?  Amseland Hofmann (loc. cit.). 
cetomethylbenzylamide... p m? This paper. 
cetodibenzylamide ......... p (0) m Tete be 

iacetylbenzylamine ...... m — is % 


+ Only perceptible at low temperatures. 

Comparing now the benzyl alcohols and benzylamines, we see 
lat, as the affinity theory demands, compounds of the former 
ass belong exclusively to the op-directing series, whilst those of 
1e latter display a strong tendency to m-substitution. Polarity 


* For the sake of maintaining the strict comparison with benzyl alcohol 
stivatives, no use is here made of the few known instances of ring-sub- 
itution in benzylamines already substituted in the benzyl group, although 
1e data are consistent with the results now described. 
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principles, as shown above, require a difference of precisely th 
opposite kind. 

In Part II * (loc. cit.) a peculiarly substituted benzyl ether wa 
examined in which the two side-chain hydrogen atoms of th 
ordinary benzyl group were removed from possible competitio 
with the oxygen atom by replacing them by a doubly-bound methy] 
ene group, -CH,. The compound was «-methoxystyrene, 

C,H,;°C(OMe)-CH,, 
and some importance was attached to the case because it indicate 
in a particularly clear manner that unsaturation, rather thai 
negative character, is the cause of directive action. Recently 
however, a new suggestion, additional to those mentioned aboy 
(1, 2, and 3, p. 1801), has been advanced. It is 


(4) that the unsaturated group, C:C, itself might behave a 
a “negative ’’ key-group in the sense of the polarity rule, anc 
hence in methoxystyrene act as would an oxygen atom directh 
attached to the benzene nucleus (Lapworth, Chem. and Ind. 
1925, 44, 228, 398). 


We express no opinion as to the a priort probability of thi 
suggestion, but wish to point out that it (like every argument’ 
which has been advanced in defence of the polarity theory sine 
these investigations were commenced) has been taken into seriou 
account in devising the experiments now described. It is com 
pletely answered. For if the op-direction of methoxystyrene is du 
to the “negative ’ double bond, why does it persist, against th: 
polar principles cited above, when that double bond is absent, as 11 
the benzyl ethers, C,H;-CH,-OA? The cause lies not in the tw 
hydrogen atoms (pp. "1802 1803, 1807, 1808), nor in a “ positive ’ 
oxygen atom (pp. 1804—1805, 1807), nor in the group A (pp. 1804— 
1805, 1805—1807); for if it did, the m-direction of analogou 
benzylamines could not be explained. The same difficulty confront 
any attempt to base an explanation, or argument,* on the ‘“‘ dampin{ 

* On p. 871, lines 11-12, “* two intrinsically negative atoms in competitio: 
for the function of Revs atom ’’ should be read in place of “* two competin; 
negative key-atoms,”’ since the ellipsis used has caused misunderstanding. 

+ General arguments, such as the imputation of “‘ insisting that any aton’ 
you like to choose must be a key-atom’”’ (Robinson, Chem. and Ind., 1925 
44, 227), we regard as not justified in view of the full reasons that hav 
invariably been given for each assumption made. Arguments of this kine 
ne excepted from the statement to which this footnote refers. 

t The relevance to the polarity theory of the cases under discussion Wa| 
gduaitedd by Robinson when predicting, on the basis of his theory, th, 
position of substitution of the benzylamine examined by Schultz and Bosc. 
(p. 1805); which should obviously yield op-substitution derivatives accordin 
to any of the theories discussed in this paper. . 


| 
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tion’ of the saturated carbon atom (Robinson, Chem. and Ind., 
25, 44, 148; Lapworth, zbid., p. 398), or on lack of “‘ conjugation ”’ 
the key-atom with the nucleus. 

It seems to us that there is only one consistent explanation of 
ese facts, namely, that which has uniformly and correctly fore- 
ld events throughout this series of investigations. Proof has 
en given that the efficiencies of “‘ negative ’’ key-atoms stand, not 
the order of their electron affinities, but in the order of their 
saturation; and it seems fair, therefore, to conclude that un- 
turation is the property transmitted. This is the essence of 
iirscheim’s form of the alternating theory. We are aware that 
‘identifying unsaturation with potentially mobile electrons, and 
} alternating distribution with a similarly propagated electronic 
splacement, a nearly equivalent theory may be formulated * 
mmpare Robinson, Chem. and Ind., 1924, 43, 1297; 1925, 44, 
8; this vol., p. 370). But this cannot add validity to the 
ndamental idea, nor can it inspire enhanced confidence whilst 
e interpretation of the chemical terms remains speculative. We 
ggest, therefore, without denying the possibility of polar altern- 
ion, that the facts thus far adduced constitute grounds for the 
nelusion that the propagation of alternating unsaturation is the 
ime directive process in ordinary aromatic substitution. 


EXPERIMENTAL. 
(A) Nitration of Benzyl Ethers and Esters. 

(i) s-Tribromophenyl Benzyl Hither, C,H,Br,-O-CH,Ph.—Equi- 
olecular quantities of benzyl chloride and s-tribromophenol were 
ded to a suspension of sodium ethoxide in boiling toluene, the 
tered solution was evaporated, and the residue recrystallised 
mm alcohol. The product, m. p. 86—87°, had the properties 
scribed by Auwers (Annalen, 1907, 357, 92). 

For the nitration, the ether was added in small quantities to 
neentrated nitric acid at about — 5°, the solution kept for 1 hour, 
sured on to ice, and the solid obtained, after draining from a 
1all quantity of adhering oil, crystallised from alcohol, when it 
parated in small prisms, m. p. 145° (Found: N,3-1. C,,H,O,NBr, 
quires N, 3:0%). An impure by-product was obtained of higher 
trogen content. 

s-Tribromophenyl p-nitrobenzyl ether, C,H,Brz:O-CH,'C.H,NOg, 
'th which the above substance was identified, was prepared for 
mparison by the interaction of p-nitrobenzyl chloride and sodium 
‘ribromophenoxide in benzene solution. It separated in a moder- 


_* Tt involves, however, a reversal of postulated key-atom efficiencies. 
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ately pure form when ligroin was added to the filtered and evaporate 
liquid, 

(ii) op-Dinitrophenyl Benzyl Ether, C,H3(NO,),*O°-CH,Ph.—Thi 
compound, which was prepared by Kumpf’s method (Annalen 
1884, 224, 131), was nitrated under the conditions used in th 
previous experiment; on addition of ice a precipitate was obtaine 
which, twice crystallised from benzene, gave well-defined, orange 
yellow needles, m. p. 198°, of op-dinitrophenyl p-nitrobenzyl ethe 
(Staedel, Joc. cit.; Kumpf, loc. cit.). The latter method, using 
however, p-nitrobenzyl chloride in place of the iodide, and heatin; 
in the absence of a solvent at 150°, was employed in order to obtaii 
a specimen for comparison. 

(iii) Benzyl Nitrate, C,H,;-CH,-O-NO,.—Prepared from benzy 
chloride and silver nitrate by Nef’s method (Annalen, 1889, 309 
171), and isolated and purified by distillation in a vacuum, thi 
substance, which, after twice distilling, had b. p. 101—105°, wa 
analytically pure, and free from halogen, was run during abou 
4 hours through a fine capillary tube into seven times its weigh 
of 95% nitric acid at about — 10°, and the solution immediateh 
poured on to ice. The oil thus precipitated slowly solidified, anc 
the solid, which was drained on porous porcelain and crystallise 
from warm aqueous alcohol, was identified as p-nitrobenzyl nitrat 
by its m. p. (71°) and by direct comparison with a specimen prepare( 
by Nef’s method from p-nitrobenzyl chloride and silver nitrate. 01 
' oxidation with 3% alkaline permanganate solution (equiv. to rathe 
more than 20) at about 100°, p-nitrobenzoic acid was obtained. 

A considerable amount of oxidation took place during attempt 
to nitrate benzyl ethyl ether, and even more in the case of benzy 
alcohol. The attempts were therefore abandoned. 


(B) Nitration of Primary, Secondary, and Tertiary Benzyl- 
amines and of certain Mono- and Di-acetyl Derivatives. 


(iv) Benzylamine.—This was prepared from potassium phthal 
imide and benzyl chloride by Gabriel’s method (Ber., 1887, 20 
2227), but the tedious process of hydrolysing the phthalobenzy! 
imide with hydrochloric acid in sealed tubes was replaced by th 
following two-stage method, which is conveniently carried ow 
with larger quantities of material. The phthalobenzylimide i 
boiled for $ hour with half its weight of potassium hydroxide i 
10°% aqueous solution. The phthalobenzylamic acid, 

CH,Ph-NH-CO-C,H,°CO,H, 
produced on acidification crystallises from alcohol in slender needles 
m. p. 155° (Found: C, 70-0; H, 5:1. C,;H,,0,N requires C, 70:3) 
Wie 5Ah97,)? | 
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The crude amic acid was boiled for 18 hours with 20% hydro- 
iloric acid (3 parts), the phthalic acid removed from the cooled 
lution, and the filtrate evaporated to dryness. The benzylamine 
olated from the residue of hydrochloride by means of ether and 
y)dium hydroxide was purified by distillation. — 

Another method, also a convenient one for the preparation 
f large quantities, consists in warming in chloroform solution 

mixture of equal weights of hexamethylenetetramine and 
enzyl chloride, and hydrolysing the product with a mixture 

f concentrated hydrochloric acid and 95% alcohol (1:3 by 
olume). 

Nitration of Benzylamine at Different Temperatures.—The general 

ssults of the experiments on the nitration of benzylamine at 
¢mperatures ranging from —10° to 105° have already been described. 
he experiments were all carried out, so far as possible, under 
ymparable conditions as to strength and amount of nitric acid. 
'etails of two illustrative cases are given below. 
(a) Benzylamine (2 g.) was run through a capillary tube during 
hours into 10 c.c. of 95% nitric acid cooled to —10°. After 
smaining for 1 hour at this temperature, the product was mixed 
ith ice. The crystals (1-4 g.) which separated during the next 
»w hours consisted of almost pure m-nitrobenzylamine nitrate, 
1. p. 210° (the correct m. p. being 214°; see below). The filtrate 
as made alkaline with sodium hydroxide and extracted with 
ther, the extract shaken with a small excess of 2N-nitric acid, 
ad the aqueous solution of nitrates evaporated. From the mixture 
qs obtained a further quantity of m-nitrobenzylamine nitrate 
‘as readily isolated by fractional crystallisation. ‘The p-isomeride, 
hich was also present, could not be fully purified, however, and 
1¢ more soluble nitrates were therefore converted into the free 
ases, and these were acetylated with acetic anhydride in the 
sual manner. Crystallisation from water readily gave the pure 
cetyl derivative of -nitrobenzylamine. The presence of an 
rtho-compound in the ultimate residues of this and similar experi- 
ents was suspected, but could not be definitely established owing 
) the smallness of the quantity. 

(6) Benzylamine was added quickly to nitric acid at 100° and 
1e product worked up in the manner just described. The yield 
f m-nitrobenzylamine nitrate was practically quantitative; no 
‘ace of the p- or o-compound could be detected. 

0-, m-, and p-Nitrobenzylamines, which have not been previously 
eseribed, were prepared by methods which determined their 
mnstitution. 
0-Nitrobenzylamine.—A mixture of o-nitrobenzyl chloride (5 g.) 
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with 10% alcoholic ammonia (50 c.c.) was shaken for 2 hours and 
kept until the deposition of solid matter ceased (I—2 weeks). The 
solution was filtered and evaporated, and the residue, which was 
partly solid and partly liquid, lixiviated with water, in which the 
solid portion dissolved. On evaporation of this aqueous solution 
to dryness a well-crystallised hydrochloride was obtained, from 
which o-nitrobenzylamine, a colourous oil, was extracted with ether 
after the addition of sodium hydroxide. The base could not be 
induced to crystallise and was therefore characterised by means 
of its salts and acetyl derivative. 

The hydrochloride separated from water in colourless needles, 
m. p. 248° (Found: Cl, 18-6. C,H,O,N,Cl requires Cl, 18-8%), 
and the nitrate from the same solvent in small, white prisms, m. p, 
173—174° (decomp.). 

m-Nitrobenzylamine.—This was prepared from m- nitrobenl 
chloride by the same method and was obtained as a colourless oil 
which refused to crystallise. 

The hydrochloride crystallised from water in large, colourless 
leaflets, m. p. 250°; and the nitrate in colourless, flattened needles, 
m. p. 214° (decomp.) (Found: C, 39-1; H, 4:2. C,H,O,N, requires 
C,; 39-1; H, 4:3%). 

p-Nitrobenzylamine.—This was prepared in a like manner from 
p-nitrobenzyl chloride, but could not be induced to solidify. It 
was identified by means of its known acetyl derivative, a specimen 
of this being prepared for comparison by the method of Amsel 
and Hofmann (loc. cit.). The free base was further characterised 
by its hydrochloride, which separated from ethyl alcohol in colour- 
less, flattened needles, m. p. 224° (Found: Cl, 18-9. C,H,O 2N,C 
requires Cl, 18-8%); and its nitrate crystallised on wala in 
yellow plates, m. p. 180—181°. 

(v) Methylbenzylamine, C,H;*CH,-NHMe.—The preparation of 
this substance in naanianty by methods given in the literature 
presented initial difficulties, but two satisfactory methods were 
ultimately obtained, one a modification of Hinsberg’s process, and 
the other depending on the regulated interaction of benzyl chloride 
with methylamine. 

(a) p-Toluenesulphonbenzylamide, CH,°C,H,*SO,*NH-CH,Ph. — 
Benzylamine (20 g.) was dissolved in dry pyridine and 40 g. oi 
p-toluenesulphonyl chloride were added cautiously and with shak- 
ing. The mixture, which became hot and of a deep red colour, 
was kept for 1 hour and then poured into water. The oily pre- 
cipitate, which solidified on rubbing, was crystallised from alcohol, 
when long, stout, colourless prisms, m. p. 114°, were obtained 
(Found: N, 5:2. C,,H,,O,NS requires N, 5-37%). 
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_p-Toluenesulphonbenzylmethylamide, CH,°C,H,*SO.*NMe'CH,Ph.— 
‘he above amide (40 g.), methyl iodide (80 g.), alcohol (20 c.c.), 
nd aqueous sodium hydroxide were shaken together for about 
n hour, the sodium hydroxide being kept in sufficient excess to 
ender the mixture strongly alkaline throughout the period. The 
iixture was heated on the steam-bath for 15 minutes and poured 
ito water, and the oily precipitate, which solidified, was crystallised 
‘om alcohol, from which the pure benzylmethylamide separated in 
olourless plates, m. p. 95° (Found: N, 5-4. C©,,H,,O,NS requires 
)or1°%). 

Some difficulty was experienced in hydrolysing this substance, 
he convenient general process of warming with a mixture of acetic 
nd sulphuric acids failing owing to the instability of the product 
nder the conditions. Hydrolysis was, however, effected by heat- 
ag the amide for 7 hours at 165—170° with 1-5 times its weight 
f concentrated hydrochloric acid. (Below 155°, the hydrolysis is 
xtremely slow, whilst above 175° an extensive separation of 
arbon takes place.) The base was extracted with ether from 
he cooled, basified solution, and separated from neutral impurities 
y re-extraction with aqueous hydrochloric acid. It was finally 
scovered from the crystallised hydrochloride by extraction with 
ther in the presence of alkali, and purified by distillation. / 

(6) A mixture of benzyl chloride (20 g.), alcohol (200 c.c. of 
5%), and aqueous methylamine (70 c.c. of 33% solution) was 
eated in a well-stoppered flask at 60° for an hour and allowed to 
sol. The alcohol was removed by distillation, the residue made 
Ikaline and extracted with ether, and the extract dried with 
otassium carbonate and evaporated. The residue thus obtained, 
o distillation, yielded a large fraction, b. p. 180—200°, which 
o redistillation boiled almost completely at 184—186°, consisting 
{ pure methylbenzylamine. The fraction boiling above 200° 
as heated with an excess of acetic anhydride for a few minutes, 
ad then with water. The solution, after being made alkaline, 
as extracted with ether, and the extract washed with very dilute 
ydrochloric acid and then evaporated. The residue, on boiling 
w 12 hours with 20°% hydrochloric acid, yielded a further quantity 
‘ methylbenzylamine hydrochloride, which was decomposed to 
ve the free base. 

The base prepared by any of these methods had b. p. 184—186°, 
id was characterised by means of its hydrochloride, which separ- 
ed from ethyl alcohol in rosettes of needles, m. p. 195° (Found : 
l, 22-4. C,H, NCI requires Cl, 22-5%). 

Nitration of Methylbenzylamine at Different Temperatures.— 
itration at low temperature was conducted much as described for 
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the case of benzylamine, but no precipitation was obtained on thi 
addition of ice. The product was therefore made strongly alkalin 
and extracted with ether, and the combined ethereal extracts wer 
shaken several times with dilute hydrochloric acid. On evapor 
ation of the acid solution crystals were not obtained until th 
whole of the solvent had been removed, when a solid remained 
which was recrystallised from ethyl alcohol. In this way a smal 
_ quantity of a moderately soluble salt was easily separated fron 
the large amount of a very soluble salt which accompanied it 
The somewhat sparingly soluble salt, after twice crystallising 
separated in colourless, flattened needles, m. p. 226°, which dic 
not depress the m. p. of an authentic specimen (see below) of methyl 
p-nitrobenzylamine hydrochloride. The readily soluble salt separ 
ated sometimes as lamine and sometimes in rosettes of needles 
After thrice crystallising, it melted at 181° and was identified ai 
methyl-m-nitrobenzylamine hydrochloride by comparison and by tht 
m. p. of a mixture with a genuine specimen (below). The yield 
of p- and m-isomerides were usually about 10% and 80% respect 
ively, about 10% of the material being either lost during manipul 
ation or not separated. Careful search was made for the o-com 
pound, but this could not be isolated, and all the impure residue 
‘had their m. p.’s depressed by admixture with a specimen of pur 
methyl-o-nitrobenzylamine hydrochloride. When the nitration wai 
conducted at temperatures approaching 100°, no p-isomeride wai 
formed, the product consisting wholly of the m-nitro-compound. 

Methyl-o-nitrobenzylamine, NO,*C,H,°CH,*NHMe.—After a mix 
ture of o-nitrobenzyl chloride (5 g.), 95°% ethyl alcohol (30 ¢.¢.) 
and 33% aqueous methylamine (30 c.c.) had been kept for a week 
the solution was filtered and evaporated and the semi-solid residu 
mixed with dilute hydrochloric acid and evaporated to dryness 
The oily base liberated from this hydrochloride refused to crystallis| 
and was therefore identified through its hydrochloride, which 
when crystallised from water, formed small, pale yellow prisms 
having the m. p. (175°) and properties recorded by Gabriel ant 
Jansen (Ber., 1891, 24, 3090). 

Methyl-m-nitrobenzylamine was prepared from m- nitrobenzy 
chloride and methylamine as described above, and as it was 4) 
oil which would not solidify, was characterised by means of it 
salts. 

The hydrochloride separated from alcohol in small, colons! 
flattened needles, m. p. 182° (Found: Cl, 17-5. C gH,,0,N.C 
requires Cl, 17-4%), and the nitrate from dilute nitric acid in 4 
flattened needles, m. p. 150°. 

Methyl-p-nitrobenzylamine was also obtained as an oil and char 
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terised by its hydrochloride, flattened needles, m. p. 226° (Found : 
(17-5. C,H,,0,N,Cl requires Cl, 17-4%). 

(vi) Dibenzylamine, (C,H;"CH,),.NH : Nitration at Different Tem- 
ratures.—As heretofore, a description is given of one experiment 
ried out at a low temperature and one at a high temperature. 

(a) Kahlbaum’s dibenzylamine (4 g.) was allowed to flow during 
10urs through a capillary tube into 20 c.c. of nitric acid (d 1:5) 
intained at — 5° to 0°. After keeping for a further hour at 
» same temperature, the product was poured on to ice and the © 
talline precipitate collected and crystallised from 800 c.c. of 
jing water, when 5:0 g. of pure mm’-dinitrodibenzylamine 
rate separated in clusters of needles, m. p. 235° (decomp.). It 
s identified by analysis and by direct comparison with a genuine 
scimen (below), and also by converting it into the free base, 
ich was crystallised and similarly identified. ,The crystals 
tained on evaporating the mother-liquors (2 g.) obviously con- 
ted of a mixture, and, by fractional crystallisation from water, 
1 extraction with small amounts of boiling water, were divided 
0 a less soluble salt, identical with that obtained above, and a 
re soluble salt, which, when pure, had m. p. 210° and was identi- 
las pp’-dinitrodibenzylamine nitrate by analysis and by com- 
rison with a specimen obtained as described below. The yields 
pp'- and mm’-dinitro-products isolated were 5% and 80% 
pectively. A third isomeride appeared to be present, but could 
5 be fully purified; it may have been the mp’-compound, as it 
sressed the m. p. of an authentic specimen of the oo’-isomeride 
admixture. | 

6) On adding dibenzylamine rapidly to 10 parts by weight of 
rie acid (d 1-5) at 70—90°, and pouring the product into water, 
v'-dinitrodibenzylamine nitrate was obtained in almost theoretical 
ld. No isomeride could be isolated. 

»0'-Dinitrodibenzylamine, (NO,°C,H,°CH,),.NH.—This substance, 
ypared by Gabriel and Jansen’s method (loc. cit.), melted at 
(®, and its hydrochloride at 238° (decomp.). Gabriel and Jansen 
‘ord the m. p. of the base as 99—100° and that of the hydro- 
‘oride as “above 220°.” Birk gives m. p. 236° for the hydro- 
loride (J. pr. Chem., 1897, 56, 360). 

Che nitrate separated from water in pale yellow needles, m. p. 
)\—203° (decomp.) (Found: OC, 47:9; H, 3-9. C,,H,,0,N, 
cuires ©, 48:0; H, 4:0%). 

um’'-Dinitrodibenzylamine.—A solution of m-nitrobenzyl chloride 
(5 parts of 10% alcoholic ammonia was kept until crystals ceased 
(form, when they were collected, lixiviated with water to remove 
Jmonium chloride, and crystallised from alcohol or ether, from 
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which stout, lemon-yellow prisms separated, m. p. 83:5". 
further quantity was obtained from the semi-solid mass remainii 
on evaporation of the ammoniacal alcoholic solution by alternate 
extracting with water and crystallising from alcohol (Foun 
C, 58-6; H, 4:4. C,,H,,0,N, requires C, 58:5; H, 4°5%). 

The hydrochloride, formed by dissolving the base in hot dilu 
hydrochloric acid and cooling, crystallised in small, very pa 
yellow prisms, m. p. 253°; whilst the nitrate, prepared similar! 
or by nitration as described above, separated in bunches of ve 
pale yellow needles, m. p. 235° (decomp.) (Found : C, 48-2; H, 4 
C44H,,0,N, requires C, 48:0; H, 4:0%). 

pp’-Dinitrodibenzylamine.—This was prepared from  p-nitt 
benzyl chloride and alcoholic ammonia as in the experime: 
described above. The base separated from alcohol in pale bi 
needles, m. p. 93° (Found: C, 58-5; H, 4-6%). It is only sparing 
soluble in ether (distinction from the mm’'-compound). 7 

The hydrochloride crystallises from hot water in clusters of colot 
less needles, m. p. 217—218°, and the nitrate, prepared either | 
nitration of dibenzylamine as described above, or by cooling 
solution of the dinitro-base in hot dilute nitric acid, forms ve 
pale yellow leaflets, m. p. 210—211° (decomp.) (Found: C, 48 
H, 4:3. C,,H,,0,N, requires C, 48-0; H, 40%). 

(vii) Methyldibenzylamine, (C,H;*CH,).NMe.—Benzyl  chlori 
(20 g.) was dissolved in 200 c.c. of ethyl alcohol and mixed wi 
40 c.c. of 33° aqueous methylamine. The reaction was allow 
to proceed in the cold and finished by heating at 60° for a sho 
time. After evaporation of the alcohol the bases were extract 
with ether, after the addition of sodium hydroxide, and treat 
with -toluenesulphonyl chloride as described on p. 1812. ( 
extracting an ethereal solution of the crude product thus obtain 
with dilute hydrochloric acid a solution of dibenzylamine hyd 
chloride was obtained; the free base, isolated from this by extré 
tion with ether after the addition of alkali, had b. p. 290° (uncor 
(Emde, Arch. Pharm., 1909, 247, 369, records b. p. 304—30: 
corr.). The hydrochloride, crystallised from a concentrated soluti 
in hydrochloric acid, has m. p. 200—201° (Found: Cl, 14 
C,;H,,NCl requires Cl, 140%). 

The nitration of this substance was carried out both in carefu 
cooled, and in warm, nitric acid, but substantially the same resu 
were obtained in the two cases, and the following description ¥ 
suffice as illustration. The base was allowed to flow through 
fine capillary tube into seven times its weight of 95% nitrie at 
at 0°. The product was allowed to warm to the ordinary t¢ 
perature during 2 hours and was then mixed with ice, when 
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ly precipitate was obtained which solidified. This was suspended 
_aqueous sodium hydroxide and shaken with ether, and the 
hereal solution obtained was dried and evaporated, yielding a 
lid residue consisting mainly of pp’-dinitrodibenzylmethylamine. 
his substance was readily isolated by crystallisation from alcohol 
id was identified with an authentic specimen prepared as described 
low. ‘The ultimate residues from these crystallisations were oily, 
it responded to seeding with a crystal of the pure oo’-dinitro- 
mpound, a small amount of which was isolated by draining 
e adhering oil into porous porcelain and crystallised from 
her. It was identified by direct comparison and a mixed m. p. 
termination. 

00’-Dinitrodibenzylmethylamine, (NO,*C,H,°CH,),N:CH,.—A mix- 
re of o-nitrobenzyl chloride (5 g.), absolute alcohol (30 c.c.), and 
% aqueous methylamine (15 ¢.c.) was kept at the ordinary 
mperature for a week. The crystals which had separated were 
crystallised from alcohol, when stout, yellow prisms were obtained 
reeing in their m. p. (63°) and properties with the description of 
‘-dinitrodibenzylmethylamine given by Gabriel and Jansen (loc. 
1+) 

The hydrochloride crystallised from dilute hydrochloric acid in 
lourless needles, m. p. 216° (Found: Cl, 10-3. C,;H,,0,N,Cl 
quires Cl, 10-5%), and the nitrate from dilute nitric acid in very 
le yellow prisms, m. p. 125° (decomp.). 
mm’-Dinitrodibenzylmethylamine, prepared in like manner from 
nitrobenzyl chloride and methylamine, separated from ethyl 
cohol in colourless needles, m. p. 83—84° (Found: CO, 59-9: 
, o1. C,;H,,0,N, requires C, 60:0; H, 5-0%). 

The hydrochloride, prepared by evaporating a solution of the 
Se in hydrochloric acid and crystallising the residue from alcohol, 
tmed pale buff prisms, m. p. 223—224° (Found: Cl, 10-2. 
5H,,0,N,Cl requires Cl, 105%), and the nitrate, crystallised 
mm dilute nitric acid, was obtained as small, pale yellow prisms, 
. p. 163° (decomp.). 

pp -Dinitrobenzylmethylamine.—This was obtained by the same 
*thod and had the m. p. and properties recorded by Paal and 
‘renger (Ber., 1897, 30, 63). 

The hydrochloride, prepared as in the previous case, crystallised 
m ethyl alcohol in stout, pale yellow prisms, m. p. 204—205° 
ound: Cl, 10-4%), whilst the nitrate, after twice crystallising 
’m water, formed pale yellow prisms, m. p. 146° (Found : ©, 49-3; 
f 4:7. C,;H,,0,N, requires C, 49-4; H, 4-4%). 

(vill) Acetobenzylamide, C,H,‘CH,-NH-CO-CH,.—The nitration 
) this substance has been described by Amsel and Hofmann (loc. 
VOL. OXXVII. 3 Q 
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cit.), who obtained aceto-p-nitrobenzylamide; but they do not 
mention any by-products. Having repeated the experiment, 
utilising our experience in the separation of the acetyl derivatives 
of o-, p-, and m-nitrobenzylamines, we have come to the conclusion 
that, although aceto-o- or -m-nitrobenzylamide (or both) is probably 
formed along with the p-compound, the quantity must be very 
small, for it could not be identified with certainty. This is in agree- 
ment with the rather strongly basic character of acetobenzylamide. 

(ix) Acetomethylbenzylamide, C,H,*CH,"NMe-CO-CH;.—This sub- 
stance was prepared by boiling methylbenzylamine with 2-5 parts 
of acetic anhydride for 15 minutes, and then boiling the product 
for a few minutes with excess of water. The oil, extracted with 
ether after the addition of excess of sodium hydroxide, gradually 
solidified on keeping in an evacuated desiccator and could then 
be crystallised from ether-ligroin (b. p. 40—60°), from which it 
separated in large, colourless cubes, m. p. 41—43°, b. p. 155°/16 mm. 
(Found : C, 73:3; H, 7:9. CjH,,0N requires O, 73:6; H, 8-0%). 
The same substance was obtained as a by-product in the prepar- 
ation of dibenzylmethylamine described above. It is completely 
soluble in cold 3% hydrochloric acid. 

The nitration was carried out by adding the substance in small 
portions to 10 parts of nitric acid (d 1-5) at —10°. The liquid 
was allowed to warm during | hour to the ordinary temperature, 
and was then mixed with ice. No precipitation took place under 
this treatment, and the solution was therefore rendered alkaline 
and extracted with ether, when, on evaporation of the solvent, a 
solid residue was obtained which crystallised from ligroin in clusters 
of colourless needles, m. p. 80—81°. The substance also separ- 
ated from alcohol—ligroin in stout prisms of the same m. p. It 
was identified as aceto-p-nitrobenzylmethylamide by analysis and 
by comparison with a synthetic specimen (below). The mother- 
liquors were carefully searched for an isomeride, but although a 
further quantity of the p-nitro-compound was obtained (total 
yield 90%), the o- and m-nitro-isomerides could not be identified 
with certainty, although traces of a more fusible compound were 
present. 

Aceto-o-nitrobenzylmethylamide, NO,°C,H,"CH,*NMe:CO-CHg, was 
prepared by Gabriel and Jansen’s method. 

Aceto-m-nitrobenzylmethylamide was prepared from the hydro- 
chloride of m-nitrobenzylamine by boiling it (1 g.) for 15 minutes 
with acetic anhydride (4 c.c.) and anhydrous sodium acetate (1 g.) 
The product was warmed with water to decompose the excess 0! 
acetic anhydride, and the solution made alkaline and extractec 
with ether, from which, on evaporation, an oily residue was obtainec 


ALTERNATING EFFECT IN CARBON GHAINS. PART It. I819 


which quickly solidified, and, on crystallisation from benzene- 
ligroin, yielded colourless prisms, m. p. 56—57° (Found: ©, 57-5; 
H, 5:9. C,)H,,0,N, requires C, 57-7; H, 5-8%). 

Aceto-p-nitrobenzylmethylamide, prepared similarly, separated 
from benzene-ligroin in colourless prisms, m. p. 80—81° (Found : 
ee or6; H, 60%). 

(x) Weetcdsbensilamide, (C,H;-CH,),.N-CO-CH,.—This substance 
was prepared by boiling dibenzylamine for a few minutes with 
acetic anhydride and decomposing the excess of the reagent with 
water. It was extracted from alkaline solution by means of ether, 
and, after distillation, was obtained as a rather viscous oil, b. p. 
194—195°/3 mm. (Found: C, 79:9; H, 7-0. C,,H,,ON requires 
C, 80:0; H, 7-1%). It was also prepared by treating a pyridine 
solution of dibenzylamine with acetyl chloride and extracting with 
ether after adding excess of dilute hydrochloric acid. It is easily 
soluble in concentrated hydrochloric acid, but only sparingly soluble 
in dilute acid. On boiling for 6 hours with 20% hydrochloric acid, 
hydrolysis of the acetyl group took place, and the solution on 
cooling deposited crystals of dibenzylamine hydrochloride. 

Nitration with Different Concentrations of Nitric Acid.—(a) The 
acetyl compound (2-5 g.) was added in about 15 portions during 
1} hours to 15 g. of 95% nitric acid at about — 5°. At each addition 
a deep red colour was formed which vanished after a few seconds. 
The product was kept for a further hour at 0°, and at the ordinary 
temperature for the same period, and then mixed with ice. The 
oily precipitate slowly solidified and after crystallising from alcohol 
yielded 1:5 g. of crystals, m. p. 175°. After complete purification, 
these had m. p. 183° and were identified as aceto-pp’-dinitro- 
dibenzylamide by direct comparison with a specimen of this sub- 
stance, and by converting them by prasolysis (boiling for 6 hours 
with 20° hydrochloric acid) into pp’-dinitrodibenzylamine which, , 


along with its hydrochloride, was similarly identified. The alcoholic, ie 


mother-liquors were evaporated and the residue was fractionally, 
erystallised from alcohol, when aceto-mm’-dinitrodibenzylamide was 
readily isolated in a pure condition and identified by direct com- 
parison with an authentic specimen (below). The ultimate residues 
yielded (besides a further quantity of the pp’-compound) a very 
small amount of the oo’-isomeride, which was obtained from gummy 
residues by seeding with a pure specimen. The quantities isolated 
were: para 45%; meta 20%; ortho 3%. ; 

(b) The dibenzylamide was treated at 30—50° with 80% nitric 
acid, and the product isolated and separated as described above. 
Yields : para 30%; meta 40%; ortho trace. 

(c) The dibenzylamide was boiled with 70% nitric acid for 15 
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minutes, and the products were isolated and separated. Yields 
para 20%; meta 55%. ! 
Aceto-oo'-dinitrodibenzylamide, (NO,*C,H,°CH,),N°CO-CH3, wa 
prepared from the corresponding base by acetylation with boilin, 
acetic anhydride. After decomposing the acetic anhydride b; 
boiling with water, sufficient additional acetic acid was added t 
complete the solution of the acetyl compound. On cooling, cluster 
of very pale yellow needles separated, m. p. 154° (Found: C, 58:6 
H, 4-4. C,,H,,0,N, requires C, 58-4; H, 4:5%). : 
Aceto-mm’-dinitrodibenzylamide, prepared in exactly the sam 
way, crystallised in small, pale yellow prisms, m. p. 146° (Found 
C, 58:5; H, 45%). 
Aceto-pp’-dinitrodibenzylamide, obtained likewise, separated i 
colourless needles, m. p. 188—184° (Found: ©, 58-3; H, 4.5%). 
(xi) Diacetylbenzylamine, C,H,*CH,*N(CO-CH;),.—Benzylamin 
(5 g.) was boiled with acetic anhydride (20 c.c.) for 3 days, afte 
which the solution was cooled and shaken with water until th 
excess of acetic anhydride had decomposed. The solution wa 
then made alkaline and extracted with ether. The residue fron 
the ether evidently consisted of a mixture of mono- and di-acety 
derivatives, since some of the former compound crystallised or 
keeping for a few days in an evacuated desiccator. To isolate th 
diacetyl compound the mixture was dissolved in ether and th 
monoacetyl derivative removed by shaking with 5% hydrochlori 
acid. On evaporation of the ether an oil was obtained whicl 
refused to solidify and was therefore purified by distillation. Di 
acetylbenzylamine is a colourless, rather viscous liquid, b. p. 176— 
178°/30 mm. (Found: C, 69:1; H, 7-2. C,,H,,;0,N require 
C, 69-2; H, 69%). It is completely hydrolysed to benzylamin 
hydrochloride on boiling for 16 hours with 20% hydrochloric acid 
The substance was allowed to flow through a fine capillary tub 
into 10 parts of 95% nitric acid at — 20°, and the resulting solution 
mixed with crushed ice. The oily product thus obtained wai 
extracted with ether after the addition of sodium hydroxide, and 
as it did not solidify after evaporation of the ether, was hydrolyse: 
by boiling for 12 hours with 20% hydrochloric acid. On evapor 


_ating the solution so obtained, a solid residue remained, consistin; 


" sh of m-nitrobenzylamine hydrochloride, which was readily isolate 


é in the pure condition by crystallisation from alcohol, and identifie 
“by direct comparison with a genuine specimen. No by-produc 


could be recognised. 


Some of the analyses recorded in this paper were carried out b; 
Mr. Arthur Rumfit, to whom the authors acknowledge thei 
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ndebtedness. They also desire to record their thanks to the 
Yhemical Society for a grant wherewith part of the expense of this 
esearch has been defrayed. 


THE UNIVERSITY, LEEDS. [Received, May 2nd, 1925.] 


CCXLI.—Syntheses of Disulphoxides. 


By Davip TempLeton Gipson, Ceci, JAMES MILLER, 
and SAMUEL SMILES. 


‘our general methods of obtaining the disulphoxides are at present 
vailable, but the very simple synthesis from a mercaptan and a 
ulphonyl chloride, although frequently attempted, has not yet 
en successfully accomplished. Blomstrand (Ber., 1870, 3, 962) 
(a) RSO,Cl + R’SH = HCl + RSO,°SR’ 
laimed to have obtained tolyl amyl disulphoxide from amyl mer- 
aptan and toluenesulphonyl chloride, but his product was ill- 
efined and apparently not analysed; thus Otto, after further 
nvestigation of the reaction, was fully justified in doubting this 
esult (Ber., 1882, 15, 121). Otto also attempted to obtain diphenyl © 
nd ditolyl disulphoxides (Ber., 1876, 9, 1636; 1878, 414, 2070) 
yy this method, but was unsuccessful, isolating instead the corre- 
ponding disulphide and sulphinic acid. He represented the com- 
leted reaction as follows : 
(b) RSO,Cl + 2RSH = HCl + RSO,H + (BS),. 

fany other observers have since met with Otto’s experience and 
gree with his representation of the process. 

The circumstance that the disulphoxides apparently parnide be 
btained in this manner has been utilised by Hinsberg (Ber., 1903, 
16, 109) and by Fromm and Seixas Palma (Ber., 1906, 39, 3310) 
8 evidence against the thiolsulphonate structure of these sub- 
tances. Conclusive evidence in favour of this constitution has 
een obtained (J., 1924, 125, 176; this vol., p. 224). Hence it 
eemed necessary to find an explanation of this discrepancy, and 
further examination of the reaction between mercaptans and 
ulphonyl halides has now been made. In the reaction between 
isulphoxides and mercaptans the former undergo fission, yielding 

sulphinic acid whilst the thioaryl group appears as disulphide 

‘oe. cit.) : 

(c) RSO,SR’ + R’SH = RSO,H + (R'S),. 

Since this decomposition of the disulphoxides takes place very 
asily, it seemed probable that the reaction between sulphonyl 
alide and mercaptan may proceed in two stages, the disulphoxide 
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at first formed (according to a) being rapidly decomposed (compat 
c) by the mercaptan. According to this hypothesis it should b 
possible to obtain disulphoxides by the method if experimente 
conditions are adopted in favour of (@) and unfavourable to (¢ 
In one set of experiments these have been attained by slowly addin 
the mercaptan to a large excess of the heated sulphonyl chloride 
thus completing (a) as rapidly as possible and avoiding the exces 
of mercaptan necessary to (c). In other experiments the mor 
reactive sulphonyl iodides were used, the secondary action of th 
mercaptan being to a great extent avoided by the use of silve 
mercaptides. With these modified conditions the method ma 
be used for the synthesis of disulphoxides and, as shown below 
the somewhat inaccessible class of disulphoxides containing dis 
similar aromatic nuclei are readily obtained. Of the two method 
described, that involving the use of the sulphonyl iodides is usual 
to be preferred, but owing to the tendency of these substances t 
liberate iodine some disulphide may be formed from the mercaptide 
The success of this method is therefore more easily attained b: 
using the more stable of the sulphonyl iodides and by choosin; 
mercaptans which generate the soluble disulphides. The latte 
condition facilitates separation a the impurity from the requirec 
disulphoxide. 

It is now evident that the failure to obtain disulphoxides fron 
these reagents under ordinary conditions can no longer be used a: 
objection to the thiolsulphonate structure; on the contrary, tht 
results now described give further evidence in support of this. 


EXPERIMENTAL. 


(a) Syntheses from Mercaptans and Sulphonyl Chlorides.—The 
conditions adopted were as follows. A solution of the mercaptar 
in benzene containing a small quantity of pyridine was slowl} 
added to a boiling solution of excess of the sulphonyl chloride i 
the same solvent. When the liquid had cooled, any sulphinie acid 
pyridine, and the excess of acid chloride present were removed 
The solvent was evaporated and the residue was examined. 

Di-p-tolyl disulphoxide was obtained in 25% yield from 2 mols 
of the mercaptan and 5 mols. of p-toluenesulphonyl chloride. Ii 
was isolated and identified in the usual manner. 

2:5: 2’: 5'-Tetrachlorodiphenyl disulphoxide was obtained (5% 
yield) from 2 : 5-dichlorothiophenol (1 mol.) and 2 : 5-dichlorobenz 
enesulphonyl chloride (7 mols.). The product (m. p. 127°) war 
identified in the usual manner. | 

4-Tolyl 3-nitrobenzenethiolsulphonate, C,H,Me-S:SO,°C,H,NO, 
was isolated (30°, yield) from the reaction between 3-nitrobenzene | 
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sulphony! chloride (8 mols.) and 4-tolyl mercaptan (1 mol.). The 
substance, isolated as usual, formed colourless needles, m. p. 109° 
(Found: C, 50-4; H, 3:6; N, 4-9. C,,H,,0,NS, requires C, 50-5; 
H, 3:5; N, 4:5%). 

The ascribed constitution was confirmed by treating the substance 
in warm alcohol with 2: 5-dichlorothiophenol (1 mol.). 3-Nitro- 
benzenesulphinic acid and 2: 5-dichloro-4’-methyldiphenyl di- 
sulphide were isolated (J., 1924, 125, 182). 

(b) Syntheses from Sulphonyl Iodides and Silver Mercaptides.— 
The sulphonyl iodides (Otto and Tréger, Ber., 1891, 24, 478) were 
prepared by slowly adding an alcoholic solution of the theoretical 
umount of iodine to a cold solution of the sodium sulphinate con- 
ining about 20 g. of the salt in 2—3 litres of water. The 
rystalline material was washed and dried (yield, under the best 
onditions, generally over 80°). 

2: 5-Dichlorobenzenesulphonyl iodide, C,H,Cl,"SO,I, separated 
rom light petroleum in golden-yellow needles, m. p. 100° (Found : 
A+ 1, 58-7; S, 9-35. C,H,0,CLIS requires Cl+ I, 58-7; §, 
6%). 

Naphihalene-2-sulphonyl iodide, Cy H,SO,I, separated from 
yenzene—light petroleum in yellow needles, m. p. 96—97° (decomp.). 
his sulphonyl iodide was more stable in solution than any other 
neountered in these experiments (Found: I, 40-0; S, 10-0. 
J49H,0,IS requires I, 39-9; S, 10-0%). 

The silver mercaptides used were obtained from silver nitrate, 
he mereaptan, and sodium acetate (1 mol.) in alcoholic solution. 

The dry silver mercaptide (rather more than 1 mol.) was gradually 
ddded with thorough shaking to a dry solution of the sulphonyl 
odide in ether or benzene. Owing to the tendency of solutions 
f the iodides spontaneously to liberate iodine, the duration of 
he process was kept within certain limits—generally about } hour 
—which varied with different sulphonyl iodides. ‘The silver halide 
vas then removed and the solution was treated with a little dilute 
queous sodium carbonate and, if necessary, with sufficient sodium 
wlphite to remove free iodine. After the solvent had been removed 
he residue was purified in the usual manner. In this way the 
ollowing thiolsulphonates were obtained. 

2: 5-Dibromopheny] 2 : 5-dichlorobenzenethiolsulphonate, 

C,H,Br,'S:SO,°C,H,CL,, 
tom 2 : 5-dichlorobenzenesulphonyl iodide and 2 : 5-dibromophenyl 
nercaptan (88% yield). The product (m. p. 124°) was identified 
vith that obtained from silver dichlorobenzenesulphinate and di- 
romophenylsulphur bromide (this vol., p. 230) (Found: §, 13:3, 
fale., S, 13-4°%,). | ene 
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4-Tolyl 2 : 5-dichlorobenzenethiolsulphonate, C,H,Me-S:SO,°C, HCl, 
was obtained (80% yield) from 2: 5-dichlorobenzenesulphony 
iodide and silver 4-tolyl mercaptide. The subtance separatec 
from aqueous alcohol in small, colourless needles, m. p. 74° (Found 
S, 19-2; Cl, 21-4. C,,H,,0,C1,8, requires 8, 19-25; Cl, 21:2%), 

6-Methoxy-3-tolyl 2-naphthalenethiolsulphonate, 

OMe:C,H,Me’S:SO,°C,,H., 

was prepared (about 85% yield) from 2-naphthalenesulphony 
iodide and 4-methoxytoluene 3-mercaptan (J., 1923, 123, 2390) 
After purification from hot alcohol the substance formed colourless 
prisms, m. p. 118—114° (Found: OC, 62:6; H, 4:7; 8S, 185 
C) gH, ,0,83' requires .C, 62-7; H, 4°65)°8 18-694). 

2:4-Xylyl 2-naphthalenethiolsulphonate, C,H,Me,'S:SO,°C,,H, 
was obtained (about 85°% yield) from 2-naphthalenesulphony] iodide 
and 2:4-xylylthiol. It separated from benzene-—ligroin in colour. 
less prisms, m. p. 80—81° (Found: C, 65-5; H, 49; 8, 19-2 
C,,H,,0,S, requires C, 65-8; H, 4-9; S, 19-5%). 


We are indebted to the Chemical Society for a grant which partly 
defrayed the cost of these experiments. 


THE UNIVERSITY, GLASGOW. 
Kinq’s CoLttecre, LoNDon. [Received, June 15th, 1925.] 


CCX LIT.—Studies of Electrolytic Polarisation. Part II. 
The Diffusion Layer. 


By SAMUEL GLASSTONE. 


Stvcze Noyes and Whitney (Z. physikal. Chem., 1897, 23, 689) 
first put forward the view that diffusion plays the chief part in the 
rate of a heterogeneous process such as solution, and Nernst et al 
(ibid., 1904, 47, 52; 1905, 53, 235) extended the idea to chemica: 
and electrochemical reactions in heterogeneous systems, most 
authors have accepted the idea of the existence of a layer of liquic 
of different concentration from that of the bulk of the solution at 
the surface of the reacting solid or the electrode in the case of ar 
electrolytic process. The thickness of this layer has been presumed 
to be independent of the concentration of the liquid, and even % 
vary only slightly with the nature of the two phases involved ir 
the reaction. Further, in the case of electrolytic reduction Jahr 
(‘‘ Grundriss der Elektrochemie,’’ 1905, p. 519 et seq.) quotes results 
from the work of Haber et al. (Z. physikal. Chem., 1900, 32, 193. 
271; 1904, 47, 257) and from that of Akerberg (Z, anorg. Chem.. 
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902, 31, 161) which indicate that the thickness of the diffusion 
ayer for a given electrode and electrolyte is also independent of 
he current density under such conditions that very little or no gas 
3 being evolved. The results obtained by Nernst and Merriam 
Z. physikal. Chem., 1905, 53, 235) and by’ Wilson and Youtz 
J. Ind. Ling. Chem., 1923, 15, 603), as well as unpublished measure- 
nents by the present author, all lead to the same conclusion. 
Vhen a heterogeneous reaction involves the liberation of gas, as in 
he dissolution of metals in acid, the results of Palmaer (Z. physikad. 
hem., 1906, 56, 689) and of Prins (Proc. K. Akad. Wetensch. 
imsterdam, 1921, 23, 1449) indicate that it is very probable that 
he thickness of the diffusion layer does not remain constant; no 
york, however, appears to have been done in connexion with the 
iffusion layer in an electrolytic process involving free evolution of 
as, but the results described below have an important bearing on 
his problem. These results were obtained in the course of experi- 
nents on lead and mercury cathodes in various electrolytes, some 
f the results of which have already been published (J., 1924, 125, 
414, 2646). An examination of the figures given in these papers 
ill show that under a variety of conditions the difference between 
he direct and the extrapolated overvoltage, which is presumably 
ue to the resistance at the electrode surface, is not nearly pro- 
ortional to the magnitude of the current. This indicates that the 
alue of the resistance alters with the current as long as gas bubbles 
re being evolved; actually the resistance decreases as the current 
sincreased. A large part of this resistance is believed to be due 
o the presence of a thin layer of dilute electrolyte—the diffusion 
ayer—which is in immediate contact with the electrode; it thus 
ippears that the resistance, and probably the thickness, of this 
ayer decreases as the current density is increased. This is no 
loubt due to the fact that the rapid evolution of gas at the high 
urrent densities causes a stirring of the electrolyte which results 
n a reduction of the thickness of the diffusion layer. Further 
onfirmation of this view has been obtained by experiments with a 
nercury cathode in dilute solutions of sulphuric acid containing 
otassium sulphate, and with various electrodes in hydrochloric 
cid solution. 

The experimental results have thrown further light on the factors 
nfluencing the rate of fall of the back H.M.F. of a polarised elec- 
rode; in the previous work on the mercury cathode (loc. cit.) it 
vas shown that the diffusion of oxygen from the anode can affect 
he back H.M.F. and it is now found that the thickness of the 
liffusion layer may also influence the rate of fall. 
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EXPERIMENTAL. 


The apparatus used in this work was the same as that describe 
in previous communications (loc. cit.); unless otherwise stated, th 
experiments were carried out at room temperature (about 15°) an 
anode and cathode compartments were not separated. 

Sulphuric Acid and Potassium Sulphate Solutions.—During th 
course of the measurements of the overvoltage at the mercur 
cathode in NV /16-sulphuric acid containing potassium sulphate (se 
J., 1924, 125, 2651) it was found that, although the back #.M. 
of the electrode decreased normally for the first 0-012 sec. afte 
the polarising current was switched off, yet in certain cases, afte 
this period had elapsed, an abnormal condition set in which wa 
independent of the nature of the electrode vessel, and of the sepai 
ation or not of the anode and cathode compartments. The followin 
typical result will make this abnormality clear : | 


Back #.M.F. after: C.D. (amp./cem.?) 0-003 0-006 0-012 | 0-024 
0-012 sec. 0-91 0-92 0-92 0-92 
D018) is 0-89 0-89 0-85 0-85 


After a certain interval of time, instead of the normal decrease o 
the back #.M.F. there was a sudden, more rapid, fall of potential 
This fall was first observed at the highest current densities used 
but after increasing time intervals it was found to occur at lowe 
current densities. At a higher temperature the sudden fall o 
potential took place after a shorter interval of time for any par 
ticular current density. This curious behaviour was noted in al 
cases where the electrolyte contained an excess of potassium ion 
and where the potentials indicated that the normal hydroget 
discharge was not the only cathodic process. Similar experiment 
in which sodium sulphate was used instead of the potassium sal 
gave similar results. 

The potential measurements suggest that the hydrogen-ion con 
centration in the vicinity of the electrode in these solutions 1 
impoverished, probably owing to the fact that the presence ol : 
large excess of potassium ions prevents the hydrogen ions fron 
diffusing up to the electrode as fast as they are discharged; th 
potential of the electrode becomes more negative and potassium 
ions are discharged to form an amalgam. When the polarisin; 
current is switched off, the hydrogen ions can diffuse through th 
impoverished layer of electrolyte without being discharged and s 
react with the amalgam, causing its rapid decomposition (see Klem 
Z. anorg. Chem., 1924, 137, 39) and a consequent fall of potential 
the thinner the diffusion layer the sooner will this sudden fall © 
potential occur. The results given above show that this fall occur: 
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ponest at the highest current densities, and hence we may conclude 
hat under conditions of gas evolution the diffusion layer is thinnest 
t high current densities. An increase of temperature causes the 
ate of diffusion to increase, even if it does not appreciably influence 
ne thickness of the diffusion layer, and so the time interval between 
witching off the current and the sudden fall of back H.M.F. is 
iminished. ‘These conclusions regarding the diffusion layer in the 
pecial case under discussion are in agreement with those arrived 
t from a consideration of the difference between the direct and 
he extrapolated overvoltage measurements. 

If the above views are correct it is to be expected that rapid 
irring of the electrode and electrolyte will have some influence on 
ve fall of the back #.M.F. In these circumstances the diffusion 
wer would cease to exist the instant that the polarising current 
as switched off, and so a more rapid fall of potential right from 
ie beginning would be expected at all current densities, but no 
idden fall after an interval of time. These forecasts have been 
mfirmed; up to 0-03 sec. after the polarising circuit was broken 
ie rate of fall of the back #.M.F. was still normal at all the current 
ensities used in the previous experiments; this rate of fall was 
reater initially than in a similar experiment in which the electrolyte 
as not stirred. The following figures illustrate the effect of 
irring. 


ack H.M SF. C.D. 

after : amp./em.? 0-002 0:004 0-008 0-016 

0-002 sec. 0:98 1:00 1-02 1-04 

0-006 ,, 0-95 0:97 0-99 1:01 + Notstirred. 
0-018 ,, 0-88 0:90 0-91 0-89 

0-002 ,, 0:92 0:94 0:96 0-99) 

0-006 _,, 0:87 0-89 0-91 0:94} Stirred. 
0-018 ,, 0:81 0:83 0:85 0:87 


Hydrochloric Acid Solutions—In the course of experiments with 
-hydrochloric acid as electrolyte, chlorine gas was always evolved 
5 the anode. If the anode and cathode compartments were 
‘parated, no special precautions were taken before making measure- 
ents; in other cases the polarising current was passed for some 
me so that the electrolyte dissolved a considerable amount of 
ilorine gas. In the latter circumstances no hydrogen could be 
verated at the cathode unless a high current density was applied, 
j., 0-24 amp. per 10 sq. cm., but once gas evolution had commenced 
‘te current could be reduced by gradual stages to 0-015 amp. and 
\¢ evolution of gas would continue. If the current was reduced 
\ddenly, gas evolution ceased. In making measurements it was 
sual to determine the potential by the direct method first, and 
‘en to measure the back #.M.F. at certain definite Mine after the 
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polarising current was switched off, first with decreasing and the 
with increasing current densities. The results quoted below a: 
the mean of those obtained with increasing and decreasing current 
the actual values for the same current density did not vai 
appreciably. 

The following table contains the results obtained with a merew 
cathode of 10 sq. cm. exposed area in N-hydrochloric acid; 41 
anode and cathode compartments were not separated. 

C.D. Overvoltage. Back H#.M.F. after : 


(amp./cm.*). Direct. Extrap. 0-002 0-004 0-006 0-008 0-012 0-018 see. 
0-0015 1:03 1-01 0:98 0-96 0:94 091 0-89 0-84 


0-003 1-07 1-03 1-00. 0-98 0:96 0°91 0:89," 0-64 
0-006 reat — 0:99 0:97 0-95 0-89 0-84 *0-74 
0-012 1-15 — 0:97 0-94 0-89 0-80 *0-67 0-50 
0-024 1-19 — 0:93 0:89 0:83 *0-67 0:49 0-28 


These results show that there are two distinct abnormalities } 
the fall of the back #.M.F. after the polarising current is switche 
off. In the first place, although the direct overvoltage increas 
regularly, yet the back H.M.F. after 0-002 sec. at first increase 
and then decreases as the current density is increased. Th 
suggests that immediately the current is switched off at the hig 
current densities there is a very rapid fall of potential which cann¢ 
be detected directly. Following this the rate of fall of potenti 
is fairly regular until after a certain interval of time there is anoth 
sudden fall in the back #.M.F. at the points marked with a 
asterisk in the above table. The period of time that elapses befor 
this second fall of potential occurs decreases as the current densit 
is increased. This fall of potential is not due to the failure of th 
electrode to reach its equilibrium condition when the current | 
switched on, since measurements have shown that at these hig 
current densities almost the same potential is reached while th 
current is flowing whether the commutator is working or not. 

In the next experiments the anode and cathode compartment 
were separated by placing the mercury in a porous pot; the platinum 
anode was placed in the liquid which surrounded the pot. Th 
same electrolyte, N-hydrochloric acid, was used throughout. ‘Th 
results were as follows. 


C.D. Overvoltage. Back #.M.F. after 
(amp./em.*). Direct. Extrap. 0-002 0-004 0:006 0-012 sec. 
0-0015 1-03 1:01 0-98 0:96 0:94 0-89 
0-003 1-07 1:03 0-99 0-97 0:95 0-89 
0-006 1-11 1-04 1-00 0-98 0:96 0-90 
0-012 1:15 1-05 1-01 0-99 0:97 0-91 
0-024 1:19 1-06 1-02 0-99 0:97 0-91 


These figures appear to be quite normal in every way, and hen 
it may be concluded that the abnormal fall of the back #.M 7 
; 


| 
a | 
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bserved in the previous experiment is due to the action of the 
hlorine gas liberated at the anode; in all cases where the chlorine 
vas prevented from diffusing to the cathode the fall of potential 
yas normal, but in other cases it was abnormal. In order to 
letermine the influence, if any, of the material of the electrode 
essel on the abnormal results, the platinum anode was placed inside 
he porous pot containing the mercury; the potentials were almost 
he same as those obtained with the mercury in a glass beaker, 
nd hence the experiment did not yield any decisive result. Using 
_glass beaker which had been standing with concentrated alkali 
or about a week, the following back H.M.F.’s were measured at 
‘002 sec. after the polarising current was switched off :— 

Ess cs vece's os cces 0-0015 1-003 0-006 0-012 0-024 
ack H.M.F.......... 0-96 0-97 0-95 0-91 0-80 

‘he inside of the beaker was then coated with paraffin wax and 
he following measurements were then recorded at the same series 
f current densities :— 


OR 0-96 0-97 0-98 0:97 0-95 


the initial fall in the back #.M.F. at high current densities is thus 
nfluenced to some extent by the material of the electrode vessel, 
nd different results were obtained from time to time with different 
lass beakers. The sudden fall that occurred after the lapse of an 
nterval of time was always observed, provided the anode and 
athode compartments were not separated. 


Discussion. 


Applying the suggestions that have been put forward to explain 
he abnormal back H.M.F. of the mercury cathode in dilute 
ulphuric acid solutions (see Part II, loc. cit.), it appears that the 
irst rapid fall of potential at the high current densities is to be 
ittributed to the concentration of the electromotively active material 
it the circumference of the electrode owing to the action of surface 
ension forces. As soon as the polarising current is switched off 
his active substance appears to be rapidly attacked by the chlorine 
n solution, and the material of the electrode vessel may influence 
he rate of reaction; there is thus a rapid initial fall of potential. 
f the mercury was in such a condition that the surface forces were 
io longer operative, then this rapid fall of potential should not be 
ibserved; some experiments were therefore made with an amal- 
jamated lead electrode, which in most cases gives overvoltages 
hat are not very different from those given by pure mercury. 
‘he electrodes used had an exposed area of 7-5 sq. em. and the 
rect overvoltages were almost the same as those observed with a 
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pure mercury surface of the same area. The back H.M.F/ 
measured at 0-002 sec. after the polarising current was switche 
off increased regularly as the current density increased independen 
of whether the anode and cathode compartments were separate 
or not, and showed no signs of abnormality. 


CRUPN(ATAD POLAR Bol ares es eek t oes: 0-004 0-008 0-016 0-032 
Direct overvoltage ..........cseee ees eee 1-07 1-1] 1:15 1-18 © 
Back E.M.F. after 0-002 sec. ...... 0:87 0-88 0:90 0:93 


The subsequent rate of fall of the back #.M.F. was too great t 
make extrapolation possible, and so the actual overvoltages cai 
only be inferred from the direct measurements. ‘The decrease a 
back H.M.F., although rapid, was quite regular in those cases ij 
which the anode and cathode compartments were separated, bu 
when this was not the case a sudden fall of potential was observe: 
after an interval of time had elapsed; first at the higher curren 
densities, and after increasing periods at the lower current densities 
It appears therefore that the initial sudden fall of potential observe: 
with the mercury cathode in the presence of dissolved chlorine i 
connected with the surface tension forces that are operative whet 
the current is flowing, but the subsequent rapid fall after an interva 
of time is due to another cause. 

According to the views expressed in connexion with the abnorma 
results obtained with the mercury cathode in sulphuric acid con 
taining potassium sulphate, the sudden fall of potential that i 
observed some time after the polarising current is switched off 1 
apparently due to the diffusion of chlorine through the layer o 
electrolyte in immediate contact with the electrode. Judging by 
the difference between the direct and the extrapolated overvoltages 
this layer should be thinnest at the highest current densities, ant 
consequently under these conditions chlorine will take the leas 
time to diffuse through. By removing the active hydrogen ver 
rapidly, the chlorine causes a sudden fall of potential, which wil 
occur soonest at the high current densities; the two tables givei 
above show that the time which elapses between switching off th 
current and the commencement of this rapid fall of potential i 
roughly proportional to the resistance which is the cause of thi 
difference between the direct and the extrapolated overvoltages 
Since this rapid fall of potential could not be connected in any 
way with the material of the electrode or of the cell, but shoul 
depend simply on the existence of a diffusion layer, it should oceu 
with other electrodes in hydrochloric acid. Experiments with leac 
and copper electrodes have shown that this is actually the case 
- although neither of them showed the very rapid initial fall of th 
back H.M.F. that occurred with the mercury cathode, yet in botl 
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zases there was a sudden fall of potential after a certain interval 
of time; this interval was shortest at the highest current densities. 
Where the anode and cathode compartments were separated before 
she electrolyte had dissolved any chlorine gas this rapid fall of 
votential was not observed in any case investigated hitherto. 

Since both types of abnormal back #.M.F. are connected in 
ome way with the chlorine gas dissolved in the electrolyte, but in 
me case the fall takes place almost the instant the current is 
witched off, whilst in the other only after an appreciable interval 
f time, it is clear that in the former case the diffusion layer must 
ye extremely thin. This means that the layer of solution con- 
aiming dissolved chlorine must be almost in direct contact with 
he mercury at its circumference, since it is considered that it is 
here that the first rapid removal of active material occurs imme- 
liately the current is switched off. It is possible that the forces 
cting at the electrode—electrolyte interface under the influence of 
he current cause fresh electrolyte containing dissolved chlorine to 
drawn continuously towards the circumference of the electrode, 
nd so no appreciable time elapses for the chlorine to diffuse in. 
Vhen the current is off, the surface forces are no longer operative, 
nd so fresh electrolyte is no longer drawn to the circumference of 
he mercury, neither is there such a large concentration of active 
aaterial in this vicinity; hence the subsequent fall of potential 
snot. very rapid until chlorine diffuses up to the main portion of 
he electrode surface. 

Summary. 


An examination of the difference between the direct and the 
xtrapolated overvoltages at lead and mercury cathodes in various 
lectrolytes has led to the conclusion that the thickness of the 
iffusion layer at an electrode from which gas is being liberated 
eely decreases as the current density is increased; this is probably 
ue to the stirring caused by the rapid evolution of bubbles. This 
iew has been confirmed by an analysis of the abnormal fall in the 
ack H.M.F'. of a mercury cathode in a dilute solution of sulphuric 
cid containing an excess of alkali sulphate, and of various cathodes 
1 N-hydrochloric acid saturated with chlorine. In previous work 
has been found that oxygen diffusing from the anode may influence 
1¢ initial fall of the back H.M.F. of a mercury cathode in a manner 
hich depends on the material of the electrode vessel and the 
urrent density; a similar abnormality has been observed as the 
sult of the diffusion of anodic chlorine towards a mercury cathode 
1 hydrochloric acid solution. 


Untversiry Cortecr, Exeter. [Received, May 16th, 1925.] 
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CCX LITI.—The 4- and 5-Nitro-1 ; 2-Dimethylglyoxalin 
By Vinayak KesHavy Boacwat and Frank LEE PYMAN. 


In the methylation of 4(5)-nitroglyoxaline (Hazeldine, Pyman, a 
Winchester, J., 1924, 125, 1431) and 4(5)-nitro-5(4)-meth 
glyoxaline (Pyman, J., 1922, 121, 2616) by methyl sulphate, ¢ 
and 233 times respectively as much of the isomerides w. 
NO, :(N)Me in the 5: 1-positions were isolated as of those w. 
NO,:(N)Me in the 4:1-positions. Under similar conditio 
4(5)-nitro-2-methylglyoxaline (I) yields 5-nitro-1 : 2-dimethylg 
oxaline (II) and 4-nitro-1 : 2-dimethylglyoxaline (III) in the relat 
proportion 50:1. The constitution of the first of these (a 
therefore of the other also) was determined by reduction a 


CH- ne: NO,:C-NMe CH-NMe~, 
a Pe) 
NO, ass CMe ina >=CMe and NO,: ch NZ 
a ah (III.) 


fission, as in the investigations cited above, when ammonia, meth 
amine, and glycine were identified, but here a small quantity of 
unidentified base, C,H, )N,, was also obtained. On _nitrat 
1 ; 2-dimethylglyoxaline, the 4- and 5-nitro-derivatives w 
isolated in the relative proportion 2:1, this result being similar 
that obtained by the nitration of 1-methylglyoxaline (Hazeldi 
Pyman, and Winchester, loc. cit.). The 5-nitro-compound gav 
picrate and is thus a stronger base than the 4-isomeride, from wh 
no picrate could be prepared. Moreover, the 5-isomeride combi 
with methyl iodide at 100°, whereas the 4-isomeride does not re 
with methyl iodide at 100°, although it does so at 150°. 17 
methiodides of the two isomerides are identical, being 4(5)-nit 
1:2: 3-trimethylglyoxalinium iodide, which yields on distillat 
4-nitro-1 : 2-dimethylglyoxaline. The properties of the isomeri 
are thus generally similar to those of the 5- and 4-nitro-1-meth 
glyoxalines.* 

The reactivity of the 2-methyl group in these compounds | 
been examined. Since the bromine atom in 2-bromo-5-nit 
1 : 4-dimethylglyoxaline can be replaced by the sulphonic a 
residue (Pyman and Timmis, J., 1923, 123, 494),.it was thou; 
that 5-nitro-1 : 2-dimethylglyoxaline might react with benzaldehy 
to yield 5-nitro-2-styryl-1-methylglyoxaline under the conditi 
used by Windaus and Langenbeck (Ber., 1923, 56, 683) for conve 
ing 4(5)-nitro-5(4)-methylglyoxaline into 4(5)-nitro-5(4)-styryle 

* It is shown in the experimental part that the behaviour of the pai 
isomerides 4(and_ 5)-nitro-1: 5(and 1 : 4)-dimethylglyoxalines is similar. 
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oxaline, but neither 4- nor 5-nitro-1 : 2-dimethylglyoxaline reacted 
with benzaldehyde, and the result calls to mind an unsuccessful 
attempt to condense 2-methylglyoxaline-4(5)-sulphonic acid with 
benzaldehyde (Forsyth, Moore, and Pyman, J., 1924, 125, 919). 

_ 6(4)-Bromo-4(5)-nitro-2-methylglyoxaline (IV) is very easily 
converted into the ammonium salt of 4(5)-nitro-5(4)-thiol-2-methyl- 
glyoxaline (V) by means of ammonium sulphide. 


s CBr-NH HS: C —-NH 
IV.) >CMe — > Vv. 
( i > NO, iy Me (V.) 


EXPERIMENTAL. 

: The 4- and 5-Nitro-1 : 2-dsmethylglyoxalines. 

_ (A) Preparation by Nitration of 1 : 2-Dimethylglyoxaline.—Con- 
centrated sulphuric acid (6 c.c.) was added to 1 : 2-dimethyl- 
glyoxaline (3 g.) in nitric acid (6 c.c.; d 1-4) at 0°, the product 
heated for 4 hours at 100°, cooled, and aqueous sodium hydroxide 
added, when nearly pure 4-nitro-1 : 2-dimethylglyoxaline (0:5 g.) 
separated. Chloroform extracted from the filtrate a mixture of 
bases which was separated by ether into sparingly soluble and 
readily soluble fractions (0-9 and 2-0 g.), the latter consisting 
largely of 1 : 2-dimethylglyoxaline. After fractional crystallisation 
as picrate or base, there were isolated in almost pure condition 
4-nitro-1 :2-dimethylglyoxaline (yield 20% *), 5-nitro-1 : 2-di- 
methylglyoxaline (yield 10%), and unchanged 1 : 2-dimethyl- 
glyoxaline (yield 22%). 

(B) Preparation by Methylation of 4(5)-Nitro-2-methylglyoxaline.— 
4(5)-Nitro-2-methylglyoxaline (20 g.) oa methyl sulphate (16 c.c.) 
were heated for 1 hour at 100°, and the products worked up as in 
analogous cases described previously (e.g., J., 1922, 121, 2616), 
when 2:0 g. of 4(5)-nitro-2-methylglyoxaline were recovered, whilst 
§-nitro-1 : 2-dimethylglyoxaline was isolated as picrate (33 g., 
pure, yield 57%), and 4-nitro-1 : 2-dimethylglyoxaline as base 
(0-25 g., pure, yield 1:1%). 

4-Nitro-1 : 2-dimethylglyoxaline (III) crystallises from alcohol in 

glistening needles, m. p. 182—183° (corr.). It is easily soluble in 
alcohol, somewhat sparingly soluble in cold water, and sparingly 
soluble in ether (Found: C, 42:4; H, 5-0. C;H,O,N, requires 
C, 42:6; H, 5:0%). 

The hydrochloride is obtained on spontaneous evaporation of a 
solution of the base in concentrated hydrochloric acid in long 
needles which on rapid heating sinter at about 175° and melt with 


* The compounds described in this paper were colourless, and yields are 
given in percentage of the theoretical, except where it is stated to the contrary. 
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effervescence at about 215°. It dissociates on heating at 100° or 
on treatment with water, giving the base. The base did not yield 
a picrate. 

5-Nitro-1 : 2-dimethylglyoxaline (11) crystallises from water in long, 
stout needles, m. p. 1388—139° (corr.). It is easily soluble in alcohol, 
and somewhat sparingly soluble in cold water or ether (Found: 
C, 42-4; H, 5-1. C;H.O,N, requires C, 42-6; H, 50%). The 
hydrochloride crystallises from dilute hydrochloric acid in large 
prisms, m. p. 195° (decomp.; corr.) after sintering earlier. It is 
very easily soluble in water or alcohol, but sparingly soluble in 
acetone. It is not dissociated by water, and remains unchanged 
in m. p. after prolonged heating at 100°, but the salt is slowly volati- 
lised. The picrate crystallises from water or alcohol in yellow 
needles, m. p. 162—163° (corr.). It is very sparingly soluble in these 
solvents when cold (Found : C, 35-8; H, 3-0. C,;H,O,N,,C,H,0,N; 
requires C, 35-7; H, 2-7). 

4(5)-Nitro-1 : 2: 3- jelin beh ftp Oonetion iodide is formed on 

heating methyl iodide with 5-nitro-1 : 2-dimethylglyoxaline at 100° 
(but not on heating under reflux), or with 4-nitro-1 : 2-dimethyl- 
glyoxaline at 150° but not at 100°. It crystallises from alcohol in 
bright yellow needles, m. p. 195—196° (decomp.; corr.). It is 
soluble in water and rather less so in cold acetone (Found : I, 44:8. 
C,H o0,N3I requires I, 449%). On heating this salt (3 g.) over a 
free flame under 33 mm. until distillation began, and crystallising 
the combined distillate and residue from alcohol, 4-nitro-1 : 2- 
dimethylglyoxaline (1:0 g., m. p. 179—180°, yield 67°%) was 
obtained. 

Attempted Condensations with Benzaldehyde.—Both 4- and 5-nitro- 
1 : 2-dimethylglyoxalines were recovered to the extent of 90% 
unchanged after heating 1 g. with benzaldehyde (2 c.c.) and 
piperidine (0-2 ¢.c.) for 2 hours at 155—160° under reflux. 

Reduction of 5-Nitro-1 : 2-dimethylglyoxaline—To a solution of 
the base (14 g.) in concentrated hydrochloric acid (50 c.¢.), a solution 
of hydrated stannous chloride (68 g.) in concentrated hydrochlorie 
acid (150 c.c.) was added below 10°. After keeping over- night, tin 
was removed by hydrogen sulphide, when partly crystalline hydro- 
chlorides were obtained. On extraction with absolute alcohol, 
ammonium chloride (6 g.) remained undissolved; the extract was 
then added to a solution of picric acid (25 g.) in hot water (11.), when 
picrates were deposited from which after repeated crystallisation 
from water and alcohol, 1-5 g. of a picrate, m. p. 142-5° (corr.), were 
obtained (Found: C, 39-7, 39-4, 39-1, 39-1; H, 3-7, 4-0, 3-9, 3:8. 
N, 21-7, 21-7, 21:4. CsH,yN>,0,H,0,N, requires C, 40-4; H, 4:0; 
N, 21-4%). The mother-liquor was extracted with ether to remove 
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gieric acid, and evaporated to dryness, when about 7 g. of partly 
srystalline hydrochlorides were obtained. These were separated 
xy the method used by Hazeldine, Pyman, and Winchester (loc. cit., 
). 1435) into ammonium chloride (1-0 g.), crude methylamine vias 
+hloride (1-6 g. containing 54:0% Cl) eid the hydrochloride of glycine 
thyl ester (0-8 g., m. p. ses eS yielding the pure substance, 
n. p. 143—144° (corr.; alone or mixed with a synthetic specimen). 
4(5)-Nitro-5(4)-thiol-2-methylglyoxaline (V).—Hydrogen sulphide. 
was passed through a warm solution of 5(4)-bromo-4(5)-nitro- 
-methylglyoxaline (2 g.) in 5N-ammonia (15 ¢.c.) for 4 hour, when 
he ammonium salt of 4(5)-nitro-5(4)-thiol-2-methylglyoxaline 
eparated in deep yellow prisms * (1-7 g., yield almost theoretical). 
t is readily recrystallised from water, and both the crude and the 
jurified material darken from 190°, being quite black by 210° (corr.). 
This salt is anhydrous, and yields ammonia when boiled with 
queous sodium hydroxide (Found: C, 27-6; H, 5:0; N, 31-9; 
, 18:3. C,H,O.N,S requires C, 27:3; H, 4:5; N, 31:8; S, 18-2%). 
In rendering its aqueous solution faintly acid with hydrochloric 
cid, 4(5)-nitro-5(4)-thiol-2-methylglyoxaline is eee as a yellow, 
rystalline precipitate, m. p. ca. 260° (corr.; decomp.) crude or 
fter crystallisation from alcohol (Found : C 30:3, 29-8; H, 3-5, 
2. C,H;O,N,S requires C, 30:2; H, 3:1%). It is sparingly 
oluble in alcohol or hot water, and readily soluble in alkalis, 
mmonia, and sodium carbonate, giving bright yellow solutions, 
yhilst sodium hydroxide gives an orange-yellow solution, which 
eddens on keeping. It dissolves in 5N-hydrochloric acid, but the 
olution soon deposits pale buff crystals of the hydrochloride, m. p. 
a. 260° (corr.; decomp.), which dissociate on treatment with water. 
4(5)-Nitro-1 : 3 : 5(4)-trimethylglyoxalinium iodide is formed on 
eating methyl iodide with 5-nitro-1 : 4-dimethylglyoxaline under 
eflux or with 4-nitro-1 : 5-dimethylglyoxaline at 100° (but not 
nder reflux). It crystallises from acetone in bright yellow, 
rismatic needles, m. p. (of material dried at 100°) 134—135° (corr.), 
nd is readily soluble in water or alcohol, but sparingly soluble in 
old acetone (Found: loss in a vacuum, 2:9. C,H,,0,N,1,4H,O 
equires H,O, 3-1. Found, in dried salt: I, 44:9. C,H, )O,N,I 
equires I, 44-9°%%). After heating the air-dried salt (6 g.) under 
iminished pressure until all methyl iodide was removed, and 
rystallising the residue from water, 4-nitro-1 : 5-dimethylglyoxaline 
2-42 g., pure, yield 83°) was obtained, whilst the mother-liquors, 
fter being mixed with picric acid and seeded with 5-nitro-1 : 4-di- 
iethylglyoxaline picrate, deposited a minute quantity of a crystal- 


* The formation of crystals in this way was first observed by Mr. L. Light, 
.Se.Tech. 
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line picrate. 4-Nitro-1 : 5-dimethylglyoxaline dissolves in con. 
centrated hydrochloric acid, but after spontaneous evaporation in 
the air the base remains. On adding water to the solution of the 
base in concentrated hydrochloric acid, the base is precipitated. 
5-Nitro-1 : 4-dimethylglyoxaline hydrochloride crystallises from 
dilute hydrochloric acid in prisms, which, after drying at 100°, melt 
and decompose at 188° (corr.). It slowly volatilises at 100°. After 
evaporation with water it can be recovered unchanged. 


One of us (V. K. B.) desires to thank the University of Bombay 
for a Sir Mangaldas Nathubai Technical Scholarship which has 
enabled him to take part in the investigation. 


Municipat ConiEeGE or TECHNOLOGY, 
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CCXLIV.—Some Physical Properties of Aniline and 
uts Aqueous Solutions. 


By Matcotm Prercivan APPLEBEY and PrrctvaL Guyn Davzes. 


In the course of work on the osmotic properties of aniline solutions 
(see following paper) the authors have had occasion to prepare this 
liquid in a pure condition and to make some measurements of its 
principal properties, as well as to investigate the effect of water 
upon those properties. 

The aniline, purified from thiophen compounds by the method 
of Hantzsch and Freese (Ber., 1894, 27, 3), was finally dried over 
solid potash and fractionated in an apparatus shielded from atmo- 
spheric moisture and carbon dioxide by soda-lime tubes. It showed 
no brown colour, but had a bright blue fluorescence and boiled well 
within half a degree. The fluorescence disappeared in the course 
of a few days, even when the liquid was kept in closed brown 
stoppered bottles in a desiccator in a dark cupboard. 

The physical properties of purified aniline have been measured 
by Timmermans (Proc. Roy. Soc. Dublin, 1912, 43, 326), Knowles 
(J. Ind. Eng. Chem., 1920, 42, 881), Schwers (J. Chim. Phys., 
1911, 9, 15), and Tyrer (J., 1911, 99, 872; 1912, 104, 84). Their 
values are compared with ours in the following table :— 

Applebey Timmer- 
and Davies. mans. Knowles. Schwers. Tyrer. 
bey of —- 598° — 6-2° —6-24° : — 4 
B.p. 184° (appx.) 184-40° 184-32 184-399 — — 
di. 1:02315 (20°) 1-03909 (0°) 11-0268 (15°) 1:02479 (17-6°) 1-02840 (12°87°) 
1-02225 (21-89°) 


— —_—_ 


no” 1 -58685 et 1-5850 
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_ The freezing points recorded by other workers are in each case 
lower than that observed by us. The differences are in our opinion 
due in all probability to the care we have taken to exclude water. 
Aniline, like many other organic liquids, takes up small quantities 
of water with extreme avidity. Our value for the freezing point 
is confirmed by the work of Ampola (Gazzetta, 1895, 27, i, 35), who 
obtained — 5-96°, and our value for the refractive index is some- 
what supported by the determinations of Briihl and Weegman 
(compare Landolt-Bornstein, “‘ Tabellen ’’), both of whom obtained 
values of nj considerably higher than that of Knowles. The 
lower freezing point recorded by Knowles would correspond to 
about 0-1°% of water, the refractive index to about 0:7%, assuming 
the values now obtained to be the correct ones. The various 
values recorded in the above table for the relative density, though 
they differ considerably among themselves, lie upon a fairly smooth 
curve when plotted against the temperature of determination. This 
is not surprising, since the relative density, while much affected by 
changes of temperature, is hardly altered by the addition of water 
as will be shown later. 

Density— Density measurements were made in pyknometers of 
about 10 c.c. capacity, weighed against sealed counterpoises in the 
manner described by Hartley and Barrett (J., 1911, 99, 1072). 
The pyknometers were filled by slow suction so as to avoid air 
bubbles, any filling which showed signs of air bubbles or dust being 
discarded. The filling with aniline occupied about 15 minutes, so 
that the possibility of absorption of water vapour from the air 
during filling had to be considered. By filling at rates varying 
from 10 to 40 minutes, however, no variation of density of the 
same sample could be detected. It may therefore be assumed that 
the water absorbed in this time has a negligible effect on the density. 
Further, careful determinations with a specific gravity bottle, which 
can be filled much more quickly, gave results in close agreement 
with the pyknometer determinations. The value obtained for pure 
aniline was d3)- = 1:02315 or di?’ = 1-02136. 

The density of a saturated solution of water in aniline at 20° 
was found to be d?}: = 1:02393. (The solution used for this deter- 
mination was prepared in a thermostat, left to settle for several 
days, and kept at 25° during filling in order to avoid separation of 
phases.) Thus about 5% of water produces a density-change of 
only 0-00078. 

Refractive Index.—The refractive indices of pure aniline and of 
some solutions were determined for sodium light by means of a 
Pulfrich instrument. The liquids were warmed to about 25° and 
determinations were made during subsequent cooling. The refrac- 
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tive indices at 20° were read off the resulting refractive index. 
temperature curves. ‘These curves were all nearly linear, the tem 
perature coefficient in each case being very near to — 0-00030 pe; 
degree. 


LAE ACN a tc . 0-0 1-0484 2°1232 3°0571 
Hey PODRON okey shea sdeveoomy idee 1-58685 1-58396 1-58114 1-57861 
PT CAMO ced ody ee ak cep Seb eues —- 1-58402 1-58112 1-57860 


The refractive index is a linear function of the percentage com- 
position, as is seen from the last column, which is calculated from 
the equation nj’ = 1-58685 — 0-00270p, where p is the percent: 
age of water. The change of refractive index with composition is. 
however, quite small. 

Viscostty.—The viscosities of aniline and of some solutions were 
measured in three viscosimeters. One, which had a time of flow of 
about 60 minutes with pure aniline, had been standardised by the 
method previously described by one of us (J., 1910, 97, 2000) and 
found to obey Poiseuille’s law accurately. The others, which had 
times of flow of 45 and 15 minutes respectively, gave the same 
values for the ratio Time of flow for aniline/Time of flow for water 
as the standard instrument and therefore were in accord with 
Poiseuille’s law. Using freshly distilled aniline for each deter- 
mination, values for the time ratio were found varying about a 
mean value of 4:309. Using Thorpe and Rodger’s value for the 
viscosity of water at 20°, this gives the absolute viscosity of aniline 
as 0-04468, a value almost identical with that obtained by Poiseuille 
(0-04467) but considerably higher than the later determinations by 
Faust (0-433 at 18°) (Z. physikal. Chem., 1912, 79, 99). No great 
weight can, ‘however, be attached to these determinations, since it 
was found that the viscosity of pure aniline is not a constant 
quantity. The variability of the results obtained and the fact, 
which further investigation brought to light, that freshly distilled 
aniline suffers appreciable change in viscosity when kept, even 
when it is stored in a desiccator in the dark, show that some 
change takes place after distillation. As an example, aniline kept 
for a week after distillation had a viscosity of 0-04439, nearly 1% 
less than that of the freshly distilled sample. The change was not 
due to absorption of water, since the freezing point showed no 
depression. The aniline was still fluorescent, though it should be 
noted that the action of light does produce a further slight change 
of viscosity. 

The viscosities of two solutions were measured; they were made 
up with freshly distilled aniline and gave the following results :— 


OA WADET? cisgneluessausageuekees 0-227 0-344 
He MAN a as vida store Resta Male ey ae 0:0441 0-0438 


OF ANILINE AND ITS AQUEOUS SOLUTIONS. 1839 


Freezing Points —The freezing points were measured in a Beck- 
ann apparatus. The temperatures were in each case determined 
th different amounts of supercooling, and the accurate freezing 
ints (with no supercooling) estimated from the resulting curve. 


% Water. F. p. % Water. iD 
0 — 5-980° 3°372 — 8-80° 
0:227 — 6-675 3:820 —6-15 
0-344 — 7-050 3°880 — 5-65 
0-489 — 7-550 4-127 — 4-00 
0-848 — 8-400 4-219 — 3-60 
1-015 — 8-625 (congruent 
1-490 — 10-000 solutions) — 0-60 
2-059 — 11-000 97-203 — 0-50 
2-575 (eutectic) —11-85 97-608 —0-43 
2-952 — 10-30 97-928 — 0-38 

Fic. 1. 
96 97 98 99% water. 


“ a: 


Freezing point. 


9° 


The results are plotted in Fig. 1. It will be seen that the eutectic 
;on the aniline side, the solid separating from solutions containing 
10re than 2-575%, of water being ice. The determinations on the 
e side of the eutectic were confirmed and extended by Miss E. M. O. 
‘arrow, to whom our best thanks are due. They are necessarily 
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somewhat uncertain, since in this region a small separation of soli 
brings about a relatively large change of concentration. 

Taking 58-7 as the cryoscopic constant for aniline (Ampola 
Rimatori, Gazzetta, 1897, 27a, 35), the calculated molecular weigh 
of water rises from 22-9 in very dilute solution to 25-1 in a solutio) 
in the neighbourhood of the eutectic. There is thus clear evidenc 
of association of water in aniline solution. The freezing points ¢ 
the dilute solutions of aniline in water also indicate association ¢ 
the solute, the molecular weight calculated being about 105 instea 
of 93. 
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CCXLV.—Osmotic Pressure by the Solubility Method nv 
Concentrated Solutions. 


By Matcotm Percival APpPLEBEY and PrRctvaL GLYN Daven 


THE changes which are produced in the solubility relations of tw 
partially miscible liquids when a solute is added which is solubl 
in only one of the liquids have been studied by Nernst and others 
Nernst has shown that, when the quantities of solute added are s 
small as to enable the dilute solution relations to be used, thi 
lowering of solubility of the solvent A (which dissolves the solute 
in the second solvent Bis an osmotic property, connected with thi 
osmotic pressure by the relation 


L—L’' 0-0819T . 1000d 

Laiivedes) M, 
in which P is the osmotic pressure (through a membrane permeabli 
to solvent A), L is the solubility of solvent A in solvent B, L’ th 
altered value of Z when the solvent A contains the solute, while ¢ 
and M), are the density and molecular weight of solvent A. Thi 
correctness of this expression and its usefulness as a method 0 
molecular-weight determination have been sufficiently proved bj 
Nernst’s experiments (Z. physikal. Chem., 1890, 6, 16) and by thos¢ 
of Tolloczko (ibid., 1896, 20, 389) and Kiister (Ber., 1894, 27, 324) 
These experiments, however, throw no light on the behaviour 0! 
strong solutions. The osmotic relations of such solutions can al 
present only be investigated by means of the direct method or by 
means of vapour-pressure measurements and the application ol 
Porter’s relation (Proc. Roy Soc., 1907, A, 79, 519). Of these 
the direct method is not only costly, but also is only applicable for 
the very limited range of substances for which a suitable membrane 


P= 
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m be found. ‘The vapour-pressure method, on the other hand, is 
borious and also requires for the solution of the integral terms of 
orter’s equation far more information as to the specific volumes 
id compressibilities of solution, solvent, and vapour than is 
ually available. It therefore seemed worth while to investigate 
e phenomenon of solubility lowering in strong solutions in the 
ype of opening up another way of approach to the osmotic relations 
strong solutions. 

The osmotic behaviour of sucrose in aqueous solution has been 
»much more thoroughly studied than that of any other substance 
iat any experiments on other osmotic properties must begin with 
is system. ‘The problem of choice of materials accordingly resolves 
self into finding a second solvent which can be obtained pure, 
hich dissolves fairly large (and therefore determinable) quantities 
water and in which sucrose itself is insoluble. The solvent which 
st fulfils these requirements is aniline, which may be obtained 
a standard and highly purified condition. It dissolves about 
fo of water at 20° and has no appreciable solvent effect on sucrose. 
he aniline, which was obtained from Kahlbaum or Merck, wag 
ified in the manner described in the preceding paper. In all 
ses, however, the aniline was redistilled not more than 3 days. 
fore use. Its purity was frequently tested by determining its 
eezing point. ‘The freshly distilled aniline froze at — 5-98°; any 
mples which showed a lower freezing point than — 6-1° were 
ied over potash and redistilled. © 

The water used was twice redistilled from a well-steamed-out 
ass still and collected in a receiver protected from dust and other 
mospheric contamination. The sucrose was Kahlbaum’s purest 
oduct, powdered and dried in a sulphuric acid desiccator before use. 
The solutions were prepared by stirring weighed quantities of 
jueous solutions of sucrose of known content with measured 
lantities of aniline in a mercury-sealed stirring bottle of brown 
ass. The bottle was immersed in a thermostat maintained at 
)° +0-01°. The stirring was continued for a day and the solutions 
ere then left over-night in the thermostat to settle. The aniline 
ase was removed by means of a dry pipette in experiments where 
constituted the upper layer, or by a syphon tube when its density 
as greater than that of the aqueous phase. In the latter case the 
ifficulty of introducing the syphon without entrapping some of the 
pper layer was overcome by having the end of the syphon blown 
it into a thin closed bulb which could be broken against the 
ottom of the vessel after the syphon was in position. The solutions 
ere then centrifuged in a room the temperature of which never 
iffered by more than a degree from 20°, so as to remove the last 
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particles of aqueous phase remaining. ‘The method of centrifugin 
carried out at temperatures differing from the exact experiment: 
temperatures is clearly only permissible when the amount ¢ 
aqueous phase remaining is negligibly small. It is obvious als 
that it cannot be used for aniline phases in equilibrium with pur 
water or very dilute solutions. Other methods have to be use 
in these cases to obtain complete separation. 

Determination of Concentration of Equilibrium Solutions.—It wa 
hoped that some one of the physical properties of aniline might b 
sufficiently sensitive to the addition of water to enable the com 
position of solutions to be estimated by careful measurement ¢ 
the property. Accordingly the variations of density, refractiy 
index, viscosity, and freezing point produced by the addition ¢ 
water were determined. For one cause or another, all thes 
measurements proved unsuitable. The effect of water on th 
density and refractive index of aniline is too small; the viscosity i 
untrustworthy owing to changes occurring with time; and th 
freezing point is inaccurate as a measure of concentration over th 
range of the present experiments, since the solid phase separatin 
consists of the component present in small concentration. Detail 
of these measurements will be found in the preceding paper. 

In these circumstances recourse was had to direct solubilif 
measurements. Weighed quantities of the solutions, freed fron 
the aqueous phase by centrifuging, were sealed up in glass tube 
either alone or with weighed quantities of water added. The tube 
were shaken in well-stirred water of slowly changing temperature 
and the temperatures at which turbidity occurred on cooling an 
disappeared on heating were determined. These temperature 
differed by not more than 0-2° and the mean was taken to be thi 
temperature of saturation. As there is difficulty in deciding upon: 
safe criterion of transparency, and as our experience showed thai 
the results depend to a certain extent upon the conditions of lightin; 
of the tubes, it was thought advisable first to construct a solubility 
curve by measuring the temperatures of saturation of known mixture: 
of aniline and water, and to use this curve in interpreting our result 
rather than the determinations of Sidgwick, Pickford, and Wilsdor 
(J., 1911, 99, 1122). The following results were obtained, ¢ being the 
temperature of saturation : 


PE NVALOT OD Wises taesss 4-534 4-659 4-815 4-9 
ATL Ratan Sea eg 15°90) 18-3) 206 921-1 


A smoothed curve was drawn representing these measurements 
and used in the subsequent determinations. The saturated solution 
at 20° from the curve appears to contain 4:835°% of water, whereas 
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idgwick, Pickford, and Wilsdon give 5:123%. The discrepancy 
1ay be due in part to difference in the aniline used, but is more 
robably to be ascribed to differences in the conditions of deter- 
lining the saturation temperatures. It is of no great moment for 
ur purpose, as only comparative measurements are in question. 
s an example of the consistency of the results obtained in measuring 
ne amount of water in the equilibrium solutions, details are given 
[ the analysis of the aniline phase in equilibrium with a solution 
[ 420 g. of sucrose in 1000 g. of solution. 


Wt. of solution Water added Temp. of % Water in 
(g.). (g.). satn. original soln. 
—* 0-0 9-5° 4-57 
2-1163 0-0241 39:9 4:53 
1-6367 0-0098 27:8 4-56 
Mean 4-55 


* The solution in this experiment was not weighed and the temperature 
as determined in an open tube. The agreement with the other experiments 
ows that losses during sealing are of no importance. 


The method was also tested on two occasions by shaking pure 
niline and water in the thermostat at 20°, allowing to stand in 
1¢ thermostat for a fortnight (the method of centrifuging cannot 
e used in this case), and determining the temperature of saturation 
[ the aniline layer in unsealed bulbs. The two experiments gave 
)-2° and 20°5°, temperatures sufficiently near to 20° to show that 
1e method was satisfactory ; if complete separation by centrifuging 
ad been possible, no doubt an even better agreement could have 
een obtained. 

The equilibrium experiments are summarised in the following 


vble : 


Cone. of sugar soln. Conc. of water. Osmotic press. (atm.). 
OO ny a EN HTS CISTI TO 
g./1000 g. g./g. of ° Mol. From 
of solution. g./litre. solution. fraction. Nernst. Detd. Cale. 
0 0 0:04835 0:2078 a 7:4 5 
300 348-1 0:0466 0-2016 50 40 43 
420 498-4 0-0455 0:1976 83 69 67 
540 676-1 0-0439 0-1917 135 119 103 
660 872-8 0:-0407 0-1797 250 218 180 


he values for the osmotic pressures in the sixth column are derived 
‘om the determinations of Berkeley and Hartley (Phil. T'rane., 
906, 206, A, 481; 1919, 218, A, 344), allowance being made for 
he difference of temperature and for the presence of aniline in 
he aqueous phase. 

It will be noted that the Nernst dilute solution formula soon 
egins to diverge from the experimental values when the concen- 
ration becomes fairly large. In the following pages an attempt is 
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made to relate the solubility lowering to the osmotic pressure ! 
solutions outside the range of the dilute solution law. 

Since the two solutions, of sugar in water and of water in anilin 
are in equilibrium, they must have the same osmotic pressu 
through a membrane permeable to water. Now the aniline phas 
is an extremely concentrated solution of aniline in water of th 
osmotic pressure of which we know nothing. There is, howeve 
an exact relation between the osmotic pressure of a solutio 
measured by a membrane permeable to one of its constituents an 
the conjugate osmotic pressure measured by a membrane permeab] 
to the other constituent. This relation, deduced by Berkeley an. 
Burton (Phil. Mag., 1909, 17, 598), tale the torm of a differentis 
equation 


ai0e) ? 
Aly CU, dc, 


dP, _ Cytly dP, 


in which P,; = ordinary osmotic pressure-water membrane; P, = 
conjugate osmotic pressure-aniline membrane; c, = g. of solven 
(water) per g. of solution; c, = g. of solute (aniline) per g. 0 
solution; * u, and wu, = specific volumes of solvent and solut 
respectively. 

Now the solutions in question, though they are concentrate 
solutions of aniline in water, are dilute solutions of water in aniline 
and it might therefore be supposed that they would obey thi 
dilute solution law P, = R7c, and therefore dP,/dc, = RT, in whiel 
case Berkeley and Burton’s expression can be integrated, giving 


Py = — RE" loge, + 4) 
1 


the constant of integration being zero, since P, = 0 when ¢, =( 
and cy;=1. This method of interpreting the solubility results 
was suggested to us by the late Dr. C. V. Burton, and gives al 
once a value for the osmotic pressures of the sugar solutions 
Unfortunately, however, the calculations give results which are 
widely at variance with the known osmotic pressures of these 
solutions, and the only conclusion which can be drawn is that the 
assumption that the conjugate osmotic pressures obey the dilute 
solution law is very far from being true for saturated solutions of 
water in aniline. The true value of dP,/dc, must in fact be very 
much less than R7'. The same conclusion may be clearly drawn 
from many experiments on the freezing points of systems consisting 
of partially miscible liquids. For example, the curves found by 
Sidgwick and Turner (J., 1922, 1241, 2257) for the temperatures 
of separation of o- and m-chlorophenol in presence of increasing 
quantities of water bend very definitely upward and appear to meet 


‘ys 
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ie liquid—liquid line almost horizontally, 7.c., with a very small 
ulue of d7'/dc and therefore of dP/dc. The same upward curvature 
ay be observed in the curve for the separation of solid aniline 
om aqueous solutions (see preceding paper), but not so clearly 
this case, since the eutectic intervenes before the curvature has 
come very pronounced. 
Although this method of treatment, in the form suggested by 
urton, has proved inadequate to represent the solubility results, 
has been found that the application of van Laar’s well-known 
juation for concentrated solutions in place of the dilute solution 
w gives much more satisfactory results. Assuming that this 
juation represents the conjugate osmotic pressures, we have 
2 = — KT log (1 — cy) + acy’. Differentiating and substituting 
the Berkeley—Burton equation, 

dP, See RT ) 

de ¢,u, \l —¢, pea AP 
hich, since c, = 1 — c,, becomes 
dP, Us ( Tia ) 
SATAN PE Meera ! 


1 expression which on integration gives 

P, = U,/u,(— RT log 1 — c, + «c,”). 
‘he integration constant is again zero.) 
This expression is not without-interest, since it shows that if the 
dinary osmotic pressure of a solution can be represented by van 
vars expression, so also can the conjugate osmotic pressure, and 


ith the same value for the constant «, which according to van Laar 
connected with the mutual attraction of solvent and solute.* 


* Mr. D. L. Chapman has pointed out to us that the argument may be 
it more generally thus. If the product of the esmotic pressure of a solution 
id the specific volume of the solvent is a function f(c) of its concentration, 


en the equation of Berkeley and Burton may be written (1 — c) de 
i — at where c is written for c, and 1 — c¢ for c,. This is a differential 
uation which has many solutions, of which, however, the only simple ones 
9 i(c) = k . log (1 — c) and f(c) = k’c?, k and k’ being constants. Putting 
= — RT in the first solution, we have van Laar’s equation P = —RT log (1—c), 
duced thermodynamically; taking both solutions together and putting 
= a, we have van Laar’s second expression P = — RT log (1 — c) + ac?, 
which the second term had a somewhat empirical basis. It is of some 
iportance that this second term is now shown to be a solution of the thermo- 
mamic equation of Berkeley and Burton. We may note also that the 
ute solution law P = RT7'c does not satisfy the requirements of this method 
deduction, and this law accordingly has no validity except as an approxima- 
m to the true law in conditions of extreme dilution. 
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The application of the new integration to the foregoing solubilii, 
results can only be performed in a somewhat approximate manne. 
since the evaluation of the constant « requires a systematic stuc 
of the osmotic pressures of aniline solutions. A preliminary vali 
for « can, however, be obtained by assuming the correctness of t] 
osmotic pressure of a saturated solution of water in aniline, whic 
was calculated (from the lowering of the freezing point) by tl 
usual formule as 7-4 atmospheres. The value of # in the expressic 
is not the usual value, since concentrations are expressed in gran 
per gram of solution, but may be obtained by assuming that. 
N/1000-solution has an osmotic pressure of 0-0224 atm. at 0°; fi 
such a solution the « term is negligible. With the values thi 
obtained, viz., R — 4-76, and « = 4661, the values tabulated 7 
the last column of the table were obtained. It will be seen thi 
the agreement with the direct determinations of Berkeley an) 
Hartley is fairly satisfactory up to a concentration of 420 g. pi 
1000 g. of solution, but considerable divergence occurs at high 
concentrations. Better agreement can be obtained by adjustment 
the constants, but since in any case the osmotic pressure is given é 
the rather small difference of two large terms, such adjustments has 
no value except in providing what then becomes a purely empiric: 
equation to express the results. | 
For the practical determination of osmotic pressures in co! 
centrated solutions the solubility method is not yet capable of givin 
direct results accurately, though the van Laar integration is a ste 
towards that end. On the other hand, comparative results ma 
be obtained without undue experimental difficulty. By findin 
the percentage of water in the aniline phase in equilibrium with 
solution of unknown osmotic pressure and reading off from ov 
results the concentration of the sucrose solution which is in equil 
brium with the same aniline solution we may at once equate tl 
osmotic pressure of the unknown solution to that of the sucro: 
solution. The method is of course only applicable to solutions ¢ 
substances the solubility of which in aniline is very slight. 
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OX LVI.—Studies on the Walden Inversion. Part IX. 
The Influence of the Solvent on the Sign of the 
Product in the Conversion of B-Bromo-8-phenyl- 
propionic Acids into B-Hydroxy-B-phenylpropion- 
amides. | 

By GEORGE SENTER and ALLAN Mines Warp. 


the reaction between concentrated aqueous ammonia and 
bromo-8-phenylpropionic acid, no B-amino-$-phenylpropionic acid 
obtained, but the products consist of ®-hydroxy-@-phenyl- 
opionamide, styrene, ammonium bromide, and ammonium 
tbonate (Posner, Ber., 1905, 38, 2316). The yield of 6-hydroxy- 
shenylpropionamide is, however, not good, but is the better the 
ther the concentration of ammonia employed. These results 
uuld lead to the view that this reaction proceeds wa the corre- 
onding lactone, thus : 
[BrPh:CH,-CO,NH, —“* 
(I.) CHPh:CH, + CO, 


CHPh-CH,:CO 
L_o9—! ~S OH-CHPh-CH,-CO-NH, 
(1) (IIL.) 


In the present experiments the reaction of ammonia in ethyl 
xohol, in acetonitrile, and also of liquid ammonia with r--bromo- 
phenylpropionic acid have been investigated, and in each case 
e hydroxyamide (III) was produced, together with styrene, but no 
amino-8-phenylpropionic acid was isolated. These reactions in 
m-aqueous solvents are in accordance with the mechanism given 
ove. The reaction of (-bromo-$-phenylpropionic acid with 
umonia in dry ethereal solution yields a precipitate of (1), and 
is appears to be the first salt of this acid to be isolated. It is 
ry unstable, dissolving in water to a clear solution, shortly 
lowed by a pronounced turbidity due to the production of styrene, 
d decomposing fairly rapidly in the dry state at room temperature, 
it the lactone (II) could not be isolated from the products of dry 
composition. The diethylammonium salt underwent similar 
‘composition, but with greater ease. 

In spite of the failure to isolate the lactone, the mechanism 
suming its intermediate formation still seems probable from the 
actions of @-bromo-f-phenylpropionic acid, and also from the 
haviour of related substances. The view that (-phenyl-8- 
opionolactone has a transitory existence was first put forward by 
‘lenmeyer (Ber., 1880, 13, 305) to account for the observation of 
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Fittig (Annalen, 1879, 195, 131) that B-bromo- g-phenylpropior 
acid reacting with aqueous sodium carbonate yields styrene almc| 
quantitatively. The lactones of all three §-bromo-8-mononiti 
phenylpropionic acids have been prepared as stable crystalline soli, 
(Einhorn, Ber., 1883, 16, 2208; Basler, zbid., p. 3001; Prausnii 
ibid., 1884, 17, 595). ‘The products of decomposition of these lacton. 
by heat, and also by reaction with ammonia, are of the same typ 
as those obtained from $-bromo-$-phenylpropionic acid, the on 
differences being in the relative proportions of the products. 
Not only did liquid ammonia, ethyl-alcoholic ammonia, acet, 
nitrile ammonia and aqueous ammonia solutions yield the hydrox, 
amide in each case from the r-bromo-acid, but with an optical) 
active bromo-acid as initial material, the hydroxyamide produc. 
by reaction in the above solvents was opposite in sign to the brom 


acid used, as shown in the following table : ° 
Solvent. [a] of bromo-acid. a of amide. [a] of amic| 
EEOC BINTUNONIA hai eu- tc ceees hanes + 74-6° — 1-88° — 27-5° 
FODILY DR ELCOMOL” oie Sncay ead an as eaene —75°1 + 1-35 + 24:3 — 
RCSGODIGETIO Wilyhss. Cede dtualees Aynbas +81:7 — 1-93 — 28-2 
MR COT Ns Aut iNy vwlawae ts Goermtielic te earn — 85:0 + 1-68 + 27:8 


d-8-Hydroxy-$-phenylpropionamide with [«] -++ 38-4° in ethy 
alcoholic solution has been prepared by McKenzie, Rule, ar 
Martin (J., 1914, 105, 1588) by the esterification of d-f-hydrox 
6-phenylpropionic acid, followed by reaction with ammoni 
whilst the J-isomeride with [«] — 39-5° was similarly prepared | 
McKenzie and Smith (J., 1922, 121, 1359). 6-Bromo-8-pheny 
propionic acid has not been prepared in a state of optical puri, 
McKenzie and Humphries (J., 1910, 97, 121) obtained an ac. 
with [«], + 96-2° by recrystallisation of a bromo-acid with [a 
-++ 32-2° from chloroform, whilst in the present experiments an ac 
with [a«}!8° + 110° for c = 1-079, J = 2, was obtained as a final erc 
by fractional precipitation of the bromo-acid from chlorofor 
solution by means of ligroin (b. p. 40—60°). This acid being take 
as optically pure, although possibly the activity of the pure. acid 
somewhat higher, the table shows that very little racemisatic 
accompanies this displacement. Thus by the mode of preparatic 
here adopted, and also in the experiments of McKenzie and h 
collaborators, the resultant hydroxyamide possesses the sam 
sign as the initial hydroxy-acid, as indicated in the followir 
scheme : | 


7 @CHBrPhCHyCO,H \ 
1-OH-CHPh-CH,-CO,H |.OH-CHPh: CH,*CO: NE 


as OH-CHPh-CH,-CO,Et ~~ 
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Walden inversion is not here detected by solvent variation, and 
e only examples yet obtained of either isomeride being produced 
preponderating amount by solvent variation alone is in the single 
stance in which phenyl and carboxyl are both attached to the 
ymmetric carbon atom. | 


HXPERIMENTAL. 
8-Bromo--phenylpropionic Acids.—The inactive acid was prepared 
by Senter and Ward (J., 1924, 125, 2137), and the active bromo- 
ids by the conversion of d- and /-8-hydroxy-(-phenylpropionic 
ids with hydrogen bromide in glacial acetic. acid at 25°, followed 
7 one recrystallisation of the product from chloroform. 
Ammonium 8-Bromo-8-phenylpropionate.—To 25 c.c. of dry ether 
eviously saturated with ammonia, 2 g. of finely powdered 8-bromo- 
phenylpropionic acid were added, and shaken for a few minutes. 
he solid was washed with dry ether and rapidly dried over con- 
ntrated sulphuric acid. The bromine was estimated by heating 
weighed sample with aqueous sodium carbonate until styrene 
as expelled, followed by precipitation as silver bromide (Found : 
r, 32:1. C,H,,O,.NBr requires Br, 32-5%). This salt undergoes 
irly rapid decomposition in the dry state at room temperature, and. 
pid decomposition without melting at 60°, the products being 
nmonium bromide, carbon dioxide, styrene, and a small amount 
cinnamic acid. 

Diethylammonium §-bromo-b-phenylpropionate was prepared by 
lding diethylamine (1 mol.) to the bromo-acid (1 mol.) in ethereal 
lution (2—3°%), when white, compact crystals soon commenced to 
parate. The salt was isolated after 15 minutes as in the case of 
ammonium salt, and the bromine estimated in the same way 
found: Br, 26-6. C,,H,,O,.NBr requires Br, 26-59%). This salt 
osely resembles the ammonium salt in properties, but is even more 
stable, the temperature of rapid decomposition in the dry state 
hing 44—45°. 

Conversion of 8-Bromo-8-phenylpropionic Acids into b-Hydroxy- 
phenylpropionamides.—The reactions were first carried out with 
e r-bromo-acid, and as in each case 6-hydroxy-6-phenylpropion- 
ide resulted (m. p. 121—122°), together with styrene and 
‘amonium bromide as main products, these experiments are not 
‘seribed. The method of experiment with the active acids was 
‘follows: The solvent was added to the bromo-acid (5 g.), and 
ter a definite period the solvent was evaporated on the water-bath 
(xcept in 1). The residual solid was extracted with dry ether in 
‘Soxhlet apparatus for 10 hours, and the ether evaporated; the 
joduct consisted of crude @-hydroxy-@-phenylpropionamide. The 
‘VOL. CXXVII. 3B 
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insoluble residue in the extractor was analysed for bromine in eac 
case; the results are shown under (a), the theoretical value fi 
ammonium bromide being Br, 81:6°%. Under (b) are given tl 
yield of crude hydroxyamide, the observed rotation, the specif 
rotation, and the percentage of nitrogen (determined by dire 
distillation into standard acid of the ammonia evolved on decon 
position of the amide by heating with excess of aqueous caustic soda 
In each case the percentage of nitrogen was appreciably lower tha 
the theoretical (8-5), and the hydroxyamide was markedly acid j 
reaction. This acidity was removed by shaking a solution of tl 
crude amide in some 125 c.c. of ether with dilute aqueous caust 
soda until the aqueous layer was alkaline. The ethereal layer wi 
separated, the alkaline aqueous solution extracted four times wit 
ether, the ethereal solutions were combined, and the solvent wi 
evaporated, when the purified amide remained. Its rotation an 
analysis are given under (c). The remaining aqueous solution in 2 
cases yielded on: acidification a small precipitate of cinnamic aci 
All measurements of rotation were made in ethyl-alcoholic solutic 
in a 2-dem. tube with the yellow mercury line. 

(1) Liquid ammonia. Liquid ammonia (50 ¢.c.) was added to tl 
d-bromo-acid with [«]!8° + 74-6°, when a clear solution quick 
resulted. This was left in the solid carbon dioxide—ether freezit 
mixture for 4 hour, when considerable solid had separated. Tl 
solvent was then allowed to evaporate. 

(a) Br, 81:4%. 
(6) 0-8 g.; «16 — 1-69°, c = 3-528; [a] — 240°; N, 81%: 
(c) 22°" — 1-88°, c = 3-422; [u}25° — 27-5°; N, 83%. | 

(2) Ethyl alcohol. Ethyl alcohol (75 ¢.c.) at — 15°, dried ] 
distillation over lime and saturated with ammonia at — 14°, wi 
added to the /-bromo-acid with [«]!®* — 75-1°. The acid rapid) 
dissolved to a clear solution, and the temperature was allowed ‘| 
rise slowly. At the end of an hour a considerable precipitate | 
ammonium carbamate had separated. The solvent was evaporate 
after 3 hours. | 
(a) Br, 77-5%. | 
(6) 16 g.; «5 + 1-60°, c = 3-644; [a] +4-22-0°; N, 7-3%. 

(c). «?0 + 1-35°, c = 2-776; [a]? + 24-3°; N, 8:2%. 

(3) Acetonitrile. Acetonitrile (75 c.c.) at — 18°, saturated wit 
ammonia at — 13°, was added to the d-bromo-acid with [a] 
+ 81-7°. The acid dissolved to a clear solution, from which a heav 
precipitate of ammonium bromide rapidly separated. ‘The ten 
perature was allowed to rise slowly, and the solvent was over 
after 3 hours. 
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) Br, 71:1%. 

) 14 ¢.; «16 — 2-07°, c = 3-868; [a] — 26-8°; N, 7:8%. 

) a® — 1-93°, c = 3-422; [a]** — 28-2°; N, 8:6%. 

(4) Water. Aqueous ammonia (35 c.c.) saturated at — 10° was 
ded to the /-bromo-acid with [«]#* — 85-0°, and kept at — 10° 
r 4 hour. The acid dissolved to a turbid solution and a con- 
lerable layer of styrene separated. The solvent was evaporated 
ter 3 hours. 

per, 75°9%,. 

y 13 g.5 a + 1-55°, c = 3-322; [a]! + 23-3°; N, 7-4%. 

pas + 1-68°, c = 3-028; [a] + 27-8°; N, 83%. 


One of us (A. M. W.) desires to express his indebtedness to the 
epartment of Scientific and Industrial Research for a maintenance 
ant during the course of this investigation. 


BIRKBECK COLLEGE, 
UnIvEeRSITyY oF Lonpon, E.C. 4. [Received, June 5th, 1925.] 


CXLVII.—The Colours Produced by the Action of 
Sulphuric Acid upon Some Hydrazones. 


y FrRepeRiIcK DaniEL CHATTAWAY, STANLEY JOHN IRELAND, 
and ARTHUR JOHN WALKER. 


ost hydrazones when dissolved in strong sulphuric acid give 
loured solutions (Biilow, Annalen, 1886, 236, 194; Pechmann, 
er., 1893, 26, 1045; Troeger and Puttkammer, J. pr. Chem., 1908, 
3, 450). These colours are not as a rule very characteristic, or 
mspicuous, but those given by many of the hydrazones of di- 
ienylene-4 : 4’-dihydrazine, of p-iodophenylhydrazine, and of 
iodo- 2-methylphenylhydrazine are of a peculiarly intense shade 
-cobalt-blue. 

These colours are probably due to the formation of salts of a 
unonoid structure similar to that suggested by Wieland (Ber., 1907, 
), 4260) to account for the brilliant blue colour produced when 
itra-p-tolylhydrazine is dissolved in sulphuric acid (Chattaway and 
igle, J., 1895, 67, 1090). For example, in the case of benzalde- 
\dediphenylene- 4 : 4’-dihydrazone, this salt formation may be repre- 
nted : 


HSO, HSO, 
‘) na > EN nH 2 sti aap a NH 
CRP CHPh:N N:cHPh H GHPhIN 
Pale yellow. Intense cobalt-blue. 
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The hydrazones which with 0, m, and p-nitrobenzaldehyde for 
these hydrazines are of special interest, for not only do the 
yield deep blue solutions with strong sulphuric acid, but also i 
the case of the o- and p-derivatives give equally characteristic an 
intense colours with alcoholic potash. These colours also a) 
probably due to the production of salts of a quinonoid structu) 
from the aci-form of the nitro-hydrazone. For example, th 
salts yielded by p-nitrobenzaldehydediphenylene-4 : 4'- dihydraan 
may be formulated thus : 


NOX CH:N-NH-C,H,—C, Hy NH-N:CH¢ ~ NNO, 


Negadk 
Deep red. 
ATION its Cae AH Ua ARs tits 
a y CEN 
OS lh CH:N-NH= dir, >=NELN:CHE NO 


Intense cobalt-blue. 


ONE SaCHA NO 

KO-ON= Pare en -CH aa ae Baee wayne! NG OK 
Intense cobalt-blue. | 

The nitro-group not being concerned in the production of tl 
salt by sulphuric acid, its position scarcely affects the intensity 
the character of the colour, all the three isomeric nitrobenzaldehyd 
hydrazones of diphenylene-4 : 4’-dihydrazine, of p-iodopheny 
hydrazine, and of 4-iodo-2-methylphenylhydrazine giving the sam! 
intense cobalt-blue. | 
In the production of colour by alcoholic potash, Ko werae th 
nitro-group is involved, and, as with other nitrobenzaldehyd: 
hydrazones, its character depends-on the position occupied by th’ 
group. Intense colour is produced only by the o- and p-isomeride 
these alone yielding salts of the necessary quinonoid configuratio 
The colour produced follows the rule established for o-, m-, al 
p-nitrobenzaldehydehydrazones in general (Chattaway and Clem: 
J., 1923, 123, 3041), that is, the o-nitro-hydrazone gives a brigl 
green, the meta- a brown, and the para- an intense blue colour. | 
It is worth noting that the colours produced by the p-nitr 
benzaldehydehydrazones of these hydrazines with sulphuric ac 
are practically indistinguishable from the intense blue colours whic 


they yield with alcoholic potash. a | 


ExPERIMENTAL. 


The diphenylene-4 : 4’-dihydrazones (formule as I) were prepare 
by preppy: a hot acetic acid solution of the appropriate aldehyc 
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r ketone (2 mols.) to a hot acetic acid solution of diphenylene- 

:4’-dihydrazine (1 mol.). On cooling, the hydrazone separated 
3; a rule as a microcrystalline powder. Nearly all are so 
yaringly soluble in ordinary organic solvents that they cannot 
e recrystallised from them. In boiling nitrobenzene, however, 
1ey are moderately easily soluble, and separate on cooling in well- 
eveloped crystals. 

When these hydrazones are added to a large excess of strong 
uphuric acid, intensely coloured solutions are produced. In 
yme cases the salts to which the colour is due are comparatively 
‘able and the colours persist at the ordinary temperature for 
ours or even days with but little change; in others, however, 
ecomposition soon occurs and the colour alters in character or 
isappears. 

After a description of the crystals, the melting point, and the 
aalytical data of the individual hydrazone, the colour produced 
ith strong sulphuric acid is given and then the colour produced by 
rong alcoholic potash. 

_Benzaldehydediphenylene - 4 : 4’ - dihydrazone (I).—Pale yellow 
sedles, m. p. 283° (decomp.) (Found : N, 14:6. C,,H,.N, requires 
, 144%). Brilliant cobalt-blue, which slowly fades, leaving after 
mme hours only a yellowish-brown liquid. It gives no colour with 
coholic potash. 

Salicylaldehydediphenylene-4 : 4'-dihydrazone.—Pale yellow plates, 
.. p. 264° (decomp.). Indigo blue, which on warming, or on long 
janding becomes green and finally yellow. With alcoholic potash 
‘gives a brownish-yellow solution. 

Anisaldehydediphenylene-4 : 4’-dihydrazone.—Pale yellow needles, 
i. p. 248° (decomp.) (Found: N, 12-4. C,,H,,O,N, requires 
, 124%). Bright green. With alcoholic potash it gives no 
olour. 

Oinnamaldehydediphenylene - 4 : 4’ - dihydrazone.— Long, yellow 
bedles, m. p. 253° (decomp.) (Found: N, 12-6. C,,H,,N, requires 
1, 12-7%). Deep sap-green. With alcoholic potash it yields no 
lour. 

DM senonediphonylene.4 : 4’-dihydrazone.—Pale yellow, irregular 
jates, m. p. 250° (decomp.). Heliotrope. 

Benzophenonediphenylene-4 : 4'-dihydrazone.—Yellow plates, m. p. 
15° (decomp.). Brilliant violet, which soon changes on standing 
a dirty, blackish tint. 

Pyruvie Acid Diphenylene-4 : 4'-dihydrazone—Yellow, micro- 
(ystalline powder, m. p. 225° (decomp.). Dark orange-red, which 
ia few seconds changes to an intense magenta colour, which 
(rkens on standing. Pale yellow solution in alcoholic potash. 
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o - Nitrobenzaldehydediphenylene - 4 : 4' - dihydrazone.— Dark 1% 
needles, appearing almost black by reflected light, m. p. 24! 
(decomp.) (Found: N, 17-6. C,,H,,)0,N, requires N, 17-5% 
Intense brilliant cobalt-blue indistinguishable in shade from th; 
given by the benzaldehydediphenylenedihydrazone. This coloi 
changes more rapidly than those given by the m- and p-isomeride 
and after 15-20 minutes becomes of a greenish or peacock-bli 
shade, the green shade becoming more marked as time passe 
until after 1-2 hours the liquid is olive-green, which finally becom 
yellowish-brown. Deep green solution in warm strong alcohol 
potash. 

m - Nitrobenzaldehydediphenylene - 4 : 4' - dihydrazone. — Compac 
dark red, octahedral crystals, m. p. 257° (decomp.) (Found: 1] 
17-4%). Intense brilliant cobalt-blue solution indistinguishab 
from that given by its isomerides. The colour changes less readi, 
that than given by its o-isomeride, the peacock-blue shade bei 
developed after about 30 minutes, and changing very little | 
several hours. Brown solution in alcoholic potash. 

p - Nitrobenzaldehydediphenylene - 4 : 4' - dihydrazone. — Deep Tei 
slender plates, m. p. 275° (decomp.) (Found: N, 17-65%). Inten: 
blue solution, indistinguishable in shade from that given by its | 
and m-isomerides, and by benzaldehydediphenylene-4: 4'-d 
hydrazone. It dissolves in alcoholic potash giving a brilliai 
cobalt-blue solution, practically indistinguishable from that give 
by it and its isomerides with strong sulphuric acid. 

Behaviour of the p-lodophenylhydrazones with Sulphuric Acid. 
Benzaldehyde-p-iodophenylhydrazone dissolves in strong sulphur’ 
acid, giving a deep peacock-blue solution. o-, m-, and p-Nitr 
benzaldehyde-p-iodophenylhydrazones when added to  stror| 
sulphuric acid give at the moment of contact a yellow or oran 
colour, which very quickly changes to green, and then again rapid) 
to an intense cobalt-blue, indistinguishable from the colour give 
by the corresponding diphenylenedihydrazones. 

With strong alcoholic potash the benzaldehydehydrazone giv 
a yellow solution, the o-nitrobenzaldehydehydrazone a det 
brilliant green, the m-nitrobenzaldehydehydrazone a deep cle: 
brown, and the p-nitrobenzaldehydehydrazone a brilliant cobal 
blue, indistinguishable from that given with sulphuric acid. 

The o-, m-, and_ p-nitrobenzaldehyde-4-iodo-2-methylpheny 
hydrazones behave similarly with strong sulphuric acid. A yello 
colour momentarily develops, which quickly changes to an inten 
cobalt-blue. The blue colours are indistinguishable from or 
another, and from those developed by the corresponding diphenylen 
dihydrazones. 
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_ With strong alcoholic potash similarly the o-nitrobenzaldehyde- 
iydrazone gives a brilliant green colour, the meta- a clear brown, 
nd the para- a brilliant cobalt-blue, indistinguishable from that 
‘iven with sulphuric acid. 

It is worthy of note that the corresponding hydrazones derived 
rom o- and m-todophenylhydrazines give no intense colours with 
trong sulphuric acid, only yellow or orange-coloured solutions being 
btained. With alcoholic potash, the o-nitrobenzaldehydehydr- 
zone gives a deep green, and the p-nitrobenzaldehydehydrazone a 
villiant cobalt-blue solution. 


THE QUEEN’S COLLEGE, OXFORD. [Received, July 9th, 1924.] 


}WXLVIII.—Studies in the Camphane Series. Part XL. 
Constitution of Manasse’s Hydroxycamphor. 


By Martin Onstow ForstER and PRAJARAM PRABHASHANKER 
SHUKLA. 


‘OLLOWING his initial description of hydroxycamphor (Ber., 1897, 
0, 659), Manasse further characterised the material formed on 
educing camphorquinone (Ber., 1902, 35, 3811) and claimed to 
ecognise two isomeric substances, indistinguishable in appearance 
nd optical activity; the “ «’’-modification melted at 203—205° 
ith [«}p 12-8°, whilst the “ 6 ’’-modification, produced by hydrolys- 
ig the solid methyl ether, melted at 212—213° with [«]p 12:3°. 
It is unfortunate that Manasse denominated his materials in this 
erplexing manner, because it was already known that replacement 
f hydrogen in the camphor molecule might occur elsewhere than at 
1e «-position; «%-dibromocamphor, originally called §-dibromo- 
amphor, was first prepared in 1866 by Swarts and reinvestigated 
lany times after 1881, whilst 6-bromocamphor was isolated in 1901. 
lence, at the time of publishing his experiments, Manasse might 
ell have been aware that a substance called 8-hydroxycamphor 
aould correspond in orientation with 6-bromocamphor; confusion 
ith the true @-hydroxycamphor subsequently described (Forster 
ad Howard, J., 1913, 103, 63) might thus have been avoided. 
Manasse supported his belief in the existence of two distinct 
iodifications by the production of two oximes, m. p. 86—87° («) 
nd 83—84° (8), two phenylhydrazones, m. p. 137°5° («) and 111— 
13° (8), two semicarbazones, m. p. 182—183° («) and 202—204° (£) 
nd two benzenesulphony]! derivatives, m. p. 95—96° («) and 111— 
13° (8). Excepting the last-named, however, these pairs might 
ave arisen from a single hydroxycamphor, and in view of the 
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slender distinction between the two parents, one of us (M. O. F. ) wit] 
Dr. A. Zimmerli began in 1911 an inquiry which was inter anc 
could not be resumed until eighteen months ago. 

Simultaneous light and shadow have now been cast on the cubjee 
by Karrer and Takashima (Helv. Chim. Acta, 1925, 8, 242), wh 
suggest that the solid methyl ether is the cycloacetal (I) and not th, 
true «-methoxycamphor formulated by Manasse (II) : 


CH Papen © lary 1 CH, CH—CH:OMe CH. —CH—CH | 
CMe, [SO TU Mag |” CMe, aa 
CH >—CMe—C* OMe CH,—CMe—CO CH,—CMe—C:0H 
(I.) (II.) (IIny 3 


Thereupon they propose for Manasse’s «-and §-hydroxycamphor 
the representation (ITI), ascribing to configuration-change in one 0. 
the asterisked carbon atoms the respective divergence in properties | 

Our experiments amply confirm the above suggestion that th 
solid methyl ether is a cycloacetal, but we cannot support the com 
plete constitutional formula given by Karrer and Takashima. Wi 
prefer the alternative representation (IV) with the consequence tha) 
Manasse’s “ § ”’-hydroxycamphor is the individual (V), whilst hi) 
“« ”-hydroxycamphor is probably that substance associated with ¢ 
variable amount of the stereoisomeride in which the hydroxyl grouy 
and hydrogen atom both occupy the alternate plane. 


ie ie rl OMe CH 7 CHa OH ; 
qv.) | So | CMe, o.! a 
CH aaliute “at CH ,—CMe—CHL 


With Karrer and Takashima, we agree that the solid methyl othe: 
does not reveal a carbonyl group; we failed to produce an oxim 
and recovered the substance unchanged by treatment with magnes, 
ium methyl iodide. Moreover, on treating separately (1) the crud 
product of reducing camphorquinone, (2) “ « ’’-hydroxyecamphor 
and (3) ‘(8 ”-hydroxycamphor with excess of the Grignard agent. 
the quantitative amount of methane required by one hydroxy) 
group was liberated in each case, and the original product wai 
recovered unchanged. If Manasse’s hydroxycamphor had the 
conventional constitution (VI), it could scarcely escape at leasi| 
partial conversion into the secondary-tertiary diol (VII), in view 


CH Co CHOH CH, —CH—_CH-O8 aaa 
(VI.)| CMe, | selva eed ema (VIL) 
CH,—CMe—CO CH,—CMe—CMe-OH | 


of the readiness with which camphorquinone is transformed intc 
the dimethyldiol ii magnesium methyl iodide (Forster, de ld 
87, 241). BS 
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Our reason for questioning the transference of the hydroxy! group 
rom the true «-position (in V) to the adjacent carbon atom (in ITI), 
s represented by Karrer and 'l'akashima, is the one familiar to all 
hemists who have closely studied the members of this family, 
amely, the greatly superior activity of the «-carbon atom to that of 
is ketonic neighbour. ‘The comparative behaviour of camphor and 
f camphorquinone towards aniline, phenylhydrazine, hydroxyl- 
mine, semicarbazide, nitromethane, ethyl cyanoacetate, and phenyl- 
cetonitrile may be recalled in this connexion: and finding that 
fanasse’s hydroxycamphor is readily formed by reducing a cold 
thereal solution of camphorquinone with aluminium amalgam, we 
annot believe that in this reaction alone the diketone has belied 
tself. 

Aside from the question of orientation, however, the above 
jiagnosis by Karrer and Takashima has, in our judgment, clarified 
situation which has been hitherto most obscure, and harmonises 
vith the occurrence of Manasse’s oximes, phenylhydrazones and 
emicarbazones, these doubtless arising from cleavage of the ethylene 
xide-ring. ‘The two benzenesulphonyl derivatives, to which we 
ave added two hydrogen phthalic esters, are reasonably attributable 
0 the stereoisomeric forms represented by formula V, because, 
Ithough tertiary alcohols do not generally incur the formation of 
ydrogen phthalic esters, even limited occurrence of the equilibrium, 


ret OH SHO 
C,H UE ihe gees Cret : 
u\ bt <|> 8 MK bo 

vould account for the result observed. Moreover, the irregular 
ourse of ester-hydrolysis revealed by the polarimeter indicates the 
peration of concurrent mutarotation in the hydroxycamphor 
2generated. 
| EXPERIMENTAL. 


| Reduction of Camphorquinone.—(a) Zine and acetic acid. Cam- 
horquinone (40 g.) dissolved in hot glacial acetic acid (70 c.c.) 
(a precipitated by hot water (500 c.c.), and zine dust (40 g.) added 
1 small quantities to the continuously shaken suspension. The 
lear, pale green liquid was heated to coagulate undissolved zinc, 
1e filtrate from which was saturated with salt and allowed to cool. 
lydroxycamphor was removed by filtration; after treating the 
ltrate with just sufficient sodium hydroxide (20%) to redissolve 
ae zinc hydroxide, more was extracted by ether (three times), in 
hich the separated portion was then dissolved. Dried with 
ueium chloride, the ether was distilled and left a very pale 
ellow, camphoraceous residue (32:5 g.; yield 80%). 
| oR 
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(b) Aluminium amalgam. Camphorquinone dissolved in undried. 
ether was left in contact with freshly amalgamated aluminium during 
12 hours. The colour faded to very pale green, and the decanted 
liquid with ether-washings having been dried and distilled deposited 
a colourless residue (yield 85%). | 

After crystallisation from petroleum the material prepared by each 
of the above methods melts at 203—205°; the less readily fusible 
product described by Manasse has been obtained only by hydrolysing 
the solid methyl ether. This compound crystallises in colourless 
plates from a solution of the initial product in methyl alcohol 
containing hydrogen chloride (6%); it melts at 149—150° (Found: 
MeO, 15-9. Calc., MeO, 17:0% ) and has [«]p 182-8° (1% in chloro- 
form). The methyl ether is not affected by boiling alcoholic 
potassium hydroxide (10%), but is rapidly hydrolysed by cold 
hydrochloric acid, from which sodium carbonate precipitates the 
less readily fusible form of hydroxycamphor; this melts at 215°, 
and in all other respects is indistinguishable from the material 
arising directly on reduction of camphorquinone. 

The Hydroxyl Value of Hydroxycamphor. —At one time it seemed 
possible that the peculiar behaviour of hydroxycamphor might be 
due to its representing the equilibrium mixture, 


CH:-OH C-OH 
CHC | nae CH || ; 
CO C-OH 
but this is now precluded by several indications. In the first place, 
hydroxycamphor in chloroform does not decolorise bromine, and in 
ether does not develop a coloration with ferric chloride; moreover, 
the aqueous solution does not give a precipitate with copper acetate, 
and the methyl ether is equally indifferent to all these agents. 
When the action of bromine is pressed by heating hydroxycamphor 
with the halogen in acetic acid which has dissolved sodium acetate, 
a very slow action occurs; but this leads to camphoric anhydride 
without any indication of addition or substitution. The same 
treatment converts the solid methyl ether also into camphoric 
anhydride, and in both cases a considerable proportion of unchanged 
hydroxycamphor is recovered, having survived this attack during 
several hours. 

Conclusive evidence against the above possibility, however, was 
given by the behaviour of hydroxycamphor towards magnesium 
methyl iodide, from which the quantitative amount of methane for 
one hydroxyl group was liberated equally by the crude product of 
reducing camphorquinone and by specimens of hydroxycamphor 
melting at 203—205° and at 215°, whilst the methyl ether also 


% 
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remains unaltered by the Grignard agent without liberating methane. 
[hese experiments were conducted in phenetole, and appeared 
remarkable in view of the observations by Bredt-Savelsberg and 
thers (J. pr. Chem., 1924, 107, 65) relating to enolisation of camphor 
yy the Grignard agent, which may exceed 40%; but they now 
eceive their explanation in the cycloacetal representation of Karrer 
ind ‘Takashima. 

The Camphoryl Hydrogen Phthalates—A mixture of phthalic 
mhydride and hydroxycamphor (m. p. 215°) in equal weights, and 
herefore containing a slight molar excess of the anhydride, was 
veated at 110—120° during 8 hours and kneaded in a solution of 
odium carbonate. On extracting the filtered liquid with ether, 
ibout 15%, of the hydroxycamphor was recovered unchanged, 
vhilst the hydrogen phthalate was precipitated along with phthalic 
cid by neutralising the solution of sodium salts; it was separated 
y dissolution in chloroform, which deposited crystals on evapora- 
ion. Recrystallisation from benzene—petroleum gave camphoryl 
ydrogen phthalate in rectangular plates, m. p. 164—165° (Found : 
), 68-2; H, 6-6. C,,H,.0, requires C, 68-3; H, 63%). The [ap 
n aqueous alcohol (1 : 1) was 53-7°. 

On repeating this operation with hydroxycamphor melting at 
03—205°, or with a specimen recovered unchanged by the methy]l- 
tion process, the proportion of unconverted hydroxycamphor was 
bout the same, and the first crop of crystals melted at 152—156° ; 
his was ultimately resolved into a mixture of the foregoing sub- 
tance with an isomeric camphoryl hydrogen phthalate crystallising in 
lender needles, m. p. 147° (Found: OC, 68-1; H, 64%). The 
Jp in aqueous alcohol (1 : 1) was 42-2°. 

Thus there appear to be two definite hydrogen phthalates, but it 
as not been possible to decide whether hydrolysis leads to the 
aspective parents. In fact, on following the hydrolysis polari- 
letrically, there is an indication of the result being an equilibrium 
ystem. 

A clear solution prepared by mixing equal volumes of alcohol 
75%) and aqueous potassium hydroxide (20%) was used. When 
issolved in this, the higher-melting hydrogen phthalate passed from 
1e initial [17], 102-7° to 61-6° during 200 hours, whilst the isomeride 
ianged from [M]p 55-0° to 64:4°. Intermediate stages were various, 
dwever, the higher-melting form having sunk to [M]p 60-3° when 
le isomeride was at 98-6° (after 50 hours), and rising again to 
1p 73-0° when the isomeride had fallen to 78-3° (after 145 hours). 
hese changes are probably due to varying rates of hydrolysis over- 
Ipping unequal mutarotation of the resulting hydroxycamphor, 
heause, in the same alcoholic alkali, higher-melting LR 
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with initial [M/], 34-2° reaches a maximum of 82-6° in 26 hours and. 
begins to fall after 48 hours, whilst the lower-melting form has. 
initial [IM] 50-9°, reaches its maximum of 69-0° at about the same’ 
time as the other, and then remains constant. The later observa-. 
tions are only approximate because the liquids, although initially 
colourless, develop a brown tint which increases in depth with 
passage of time: moreover, the hydroxycamphor recovered from 
such solutions melts lower and more indefinitely than the original 
materials. 2 | 


InpIAN INSTITUTE OF SCIENCE, : 
BANGALORE, 8. InpIA. [ Received, June 29th, 1925.] 


CCXLIX.—A New Synthesis of Arylazoaldoximes, 


By Tuomas KENNEDY WALKER. 


Tux interaction of aryldiazonium salts and malonic acid does not| 
always produce formazyl compounds; thus Busch and Wolbring 
(J. pr. chem., 1905, '71, 366) obtained phenylhydrazones of glyoxylic | 
acid from certain ortho-substituted diazonium salts and o-chloro- 
benzeneazoformaldoxime from diazotised o-chloroaniline, and the 
present author found (J., 1923, 123, 2775) that the interaction of! 
diazotised p-nitroaniline and allylmalonic acid produced a mixture) 
of a formazyl derivative with an acidic substance the instability of 
which precluded its examination. As it seemed probable that this| 
anomalous behaviour might be due to the presence of adventitious 
nitrous acid, a study was made of the simultaneous action of an) 
aryldiazonium salt and nitrous acid on monoalkylated malonic: 
acids. This resulted in a new synthesis of arylazoalkylformald- 
oximes, e.g., benzeneazobenzylformaldoxime and benzeneazoallyl- : 
formaldoxime. The course of the reaction is probably as follows, 


CHR(CO,H), + N,Ph-OH —> CO,H-CR:N-NHPh +80 | 
OH-N:CR-N:NPh ++ CO, + H,0, 


since an almost quantitative yield of benzeneazobenzylformald- 
oxime was obtained by the action of nitrous acid on the phenyl- 
hydrazone of phenylpyruvic acid, whereas no condensation occurred 
when diazobenzene was brought into contact with its oxime. 


ExPERIMENTAL. 


Benzeneazobenzylformaldoxime.—(a) 'To a diazo-solution (aniline 
1:86 g., glacial acetic acid 6 g., concentrated hydrochloric acid 
6 c.c.; sodium nitrite 1:38 g., ice-water 35 c.c.) were added benzyl 


a 
7 
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nalonic acid (3°8 g. dissolved in a little ice-water), crystalline sodium 
wetate (10°8 g.), and, 5 minutes later (this condition is essential for 
mecessful preparation), a cooled 2°, aqueous solution of nitrous 
vid (1°5 mols.) The mixture was filtered and kept cold for 30 
10urs, during which carbon dioxide was evolved. A solution of the 
oulky, spongy, yellow product in dilute aqueous caustic potash was 
iltered from a small quantity of benzylformazyl. The oxime, preci- 
vitated by 5% acetic acid, was crystallised from 80° acetic acid (in 
mall, deep yellow needles) and then from benzene (in paler, silky 
ieedles) by the addition of light petroleum; m. p. 144° (yield, nearly 
juantitative) (Found: C, 70:0; H, 54; N, 17°8. C,,H,,ON, 
equires C,70°3; H, 5:43; N,17:56%). It is easily soluble in ether, 
deohol, chloroform, or ethyl acetate. When boiled with moderately 
lilute hydrochloric acid, it yields phenylacetaldehyde (which is 
yartly oxidised to the acid), hydroxylamine, and benzenediazonium 
hloride’ which, as it is formed, is converted into phenol. 

(6) A solution of ethyl benzylacetoacetate (14°6 g.) in alcohol (120 
.¢.) was mixed at —5° with a solution of diazotised aniline (1 mol.) 
nd the requisite quantity of sodium acetate. The product, which 
eparated as a pale red, viscous oil in quantitative yield after 16 
ours, was hydrolysed by warming with 10% aqueous alcoholic 
austic potash (3 mols.) for 30 minutes and the solution diluted, 
iltered, and acidified; the phenylpyruvic acid phenylhydrazone, 
vhich separated as an oil and solidified, melting at 161° after 
ecrystallisation (Wislicenus, Ber., 1887, 20, 592). A solution of the 
tydrazone in alcohol and 80°% acetic acid (equal vols.) was filtered 
troom temperature and treated with finely-powdered sodium nitrite 
3 mols. in one lot); evolution of carbon dioxide occurred. After 30 
ainutes, when the addition of water to a sample ceased to precipitate 
ny of the original acid, the solution was gradually diluted with. 
old water. The oxime, which separated in yellow needles (yield 
uantitative) was recrystallised from benzene-light petroleum; it 
aelted at 144°, alone or mixed with the oxime obtained by method 
a) (Found: C, 69:9; H, 56%). 
| The phenylcarbamate, obtained quantitatively in slender, glistening, 
range-red prisms by keeping a mixture of the oxime (3 g.) and 
henylearbimide (1:5 g.) in dry ether (40 c.c.) at 0° for 3 hours, 
rystallised from acetone in large, scarlet prisms, m. p. 154° 
Found: N, 15°8. C,,H,,0O,N, requires N, 15°6%). The benzoyl 
erivative, prepared from benzoyl chloride (1 mol.) and the potass- 
am salt of the oxime (1 mol.) in ethereal solution, crystallised 
rom acetone in large, elongated, ruby prisms, m. p. 144—145° 
frothing). 


_ p-Tolueneazoallylformaldoxime.—A solution of p-toluenediazonium 
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~ sulphate (6 g.) in a little ice-water was treated with crystalline sodium| 
acetate (10 g.), followed by a chilled aqueous solution containing) 
allylmalonic acid (4°24 g.) and sodium acetate (7:2 g.). The sub-) 
sequent addition of nitrous acid and the other operations were) 
carried out as described above under (a). The product crystallised | 
from warm benzene in slender, yellow needles, m. p. 93° (shrinking 
at 90°), and also crystallised well from light petroleum or aqueous 
alcohol, but not from other solvents. Yield, 25% (Found: C, 
65:0; H, 65; N, 20:9. C,,H,,ON, requires C, 65:0; H, 64;) 
N, 20°7%). 

Attempts to prepare benzeneazopropaldoxime from cihyimalonio 
acid by this method resulted only in the production of resinous, 
uncrystallisable material. 

p-Tolueneazobenzylformaldoxime from Phenylpyruvic Acid p- 
T olylhydrazone.—Ethyl phenylpyruvate p-tolylhydrazone, obtained in. 
nearly quantitative yield from ethyl benzylacetoacetate’ and p- 
toluidine by .the method used in preparing the corresponding 
phenylhydrazone, crystallises in glistening, orange prisms, m. p. 72° 
(Found: N, 9°5. C,,H,.0,N, requires N, 9:46%). It is fairly, 
soluble in cold alcohol, more soluble in cold acetone, and very 
soluble in hot benzene. On hydrolysis, phenylpyruvic acid p- 
tolylhydrazone was obtained, which crystallises from alcohol in 
slender, yellow, felted needles and from acetone in slender prisms, 
m. p. 158° (frothing). (Found: C, 71:4; H, 61. C,,H,,0,N, 
requires C, 71-5; H, 6:0%). 

A solution of this acid (10 g.) in 50 c.c. of 80°% acetic acid and 150 
c.c. of alcohol was treated with powdered sodium nitrite (3 mols. ) and 
kept for 30 minutes, after which the product was isolated as described 
above under (b). Successive recrystallisations from benzene and 
from acetone-light petroleum gave the pure oxime, m. p. 144° 
(sight decomp.). Yield, over 80% (Found: C, 70:0; H, 61. 
C,;H,,ON, requires C, 70-1; H, 5-9%). 

When light petroleum is added to a dilute solution of this oxime 
in acetone and the liquid allowed to evaporate slowly, the 
substance separates in transparent, orange-red crystals. Through 
the kindness of Sir Henry Miers, F.R.S., it has been possible to 
obtain measurements of these crystals, and the author takes this 
opportunity of thanking Mr. G. Greenwood, M.Sc., who kindly 
undertook the crystallographic examination. His report is as 
follows :— | 

Crystal symmetry : Monoclinic holohedral. 

Axial constants: a:b6:c¢ = 1:352:1:1-216; 6 = 83° 177. 

Forms developed and Habit.—The crystals are usually elongated in 
the direction of the 6 axis and form prisms often 15 mm. long by 


i 
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vbout 15 ‘mm. thick (see Fig.). The forms present are {100}, 
101}, {101!, and {110}. 


No. of 
measure Mean Mean 
Angle. ments. Limits. obs. calc. 
(100) : (101) 11 44° 9’ —44° 30’ 44° 20’ — 
(100) : (110) 13 53° 9’ —53° 42’ 53° 19” — 
(110) : (101) 10 67° 55’—68° 34’ 68° 18’ — 
(100) : (101) 17 51° 43’—52° 5’ 51° 50’ 51° 46’ 
(110) : (101) 9 64° 30’—65° 7’ 64° 49’ 64° 42’ 


The phenylcarbamate, obtained quantitatively by keeping a 
aixture of the oxime and phenylcarbimide (equal mols.) in much 
lry ether for 2 hours, is difficultly soluble in the usual organic media, 
mt crystallises from much hot acetone in slender, vivid orange- 
ed prisms, m. p. 152—153° (decomp.) (Found : N, 15:1. C,.H,,0.N, 
equires N, 15-0%). 

Benzeneazobenzaldoxime from Phenylglyorylic Acid Phenylhydr- 
zone.—Kthyl phenylglyoxalate phenylhydrazone was prepared by 
he general method described above and hydrolysed. The acid, 
1. p. 163°, obtained could not be converted into the oxime so 
moothly as in the other two cases. It proved necessary to keep the 
iixture cold, avoid excess of sodium nitrite, and work up the product 
nmediately Yield, about 25%. 


This work arose out of a previous investigation undertaken at the 
uggestion of Prof. A. Lapworth, F.R.S., LL.D., to whom the author 
as pleasure in acknowledging his indebtedness. The author's 
nanks are also due to the Department of Scientific and Industrial 
tesearch for a grant in aid of the work. 


(‘Tor UNIVERSITY, MANCHESTER. [ Received, October 18th, 1924.] 


CL.—Angles of Contact and Polarity of Solid Surfaces. 
By Nem K. ApDAm and GILBERT JESSOP. 
F Dupré’s equation 
A NE ROR ERD ae NEAR a 


rhich relates the free surface energies diifnce tensions) at the 
iterfaces of three phases S, V, L, with the work, W, done in separat- 
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ing S from L across the surface of separation, is combined wh 
the equation of equilibrium of a liquid, L, resting on a solid ee | 
S, at an angle 6 


Diy — Ti Ty CORI se . | 


we obtain 
W = Try (1+ cosé) . ; - (3) 


thus eliminating the quantities 7's; and 7's, which cannot be deter- | 
mined. Equation (3) has been deduced by Pockels (Physikal. Z., 
1914, 15, 39) and Edser (4th Report on Colloid Chemistry, 1922, 
p- 310), and an equivalent equation is deducible from Laplace’) 
theory of capillarity (Poincaré, ‘‘ Capillarité,” 1895, 35). It appears| 
to have been very little used. W being the adhesion of the liquid| 
for the solid, and 27',, the cohesion of the liquid, equation (3) shows 
that zero angle of contact indicates an attraction of liquid for’ 
solid at least as great as that of liquid for liquid, 90° shows that) 
this adhesion is half the cohesion of the liquid, and 180° would 
indicate no adhesion. Clearly measurements of angles of contact 
against water will give a quantitative measure of the polarity of | 
solid surface. 

We have attempted to use the values of W for solid surfaces ot 
long-chain aliphatic compounds as an indication of the orienta 
of the surface molecules. If many polar groups are at the free 
surface, the angle of contact should be low; if the surface consists 
solely of the hydrocarbon ends of the chains! the angle should be 
approximately the same as for paraffin wax. 

In measuring the angle of contact, we have used a plate of the 
solid, held in an adjustable holder, which could be set at any angle 
with the surface, and also raised or lowered by rack and pinion. 
The water was contained in a glass vessel, preferably rectangular 
with plate glass sides, filled to the brim; the sides were several 
millimetres thick and were covered with paraffin on the top; the 
water surface was cleaned as necessary by scraping with strips of 
paraffined glass. The plate was set by trial at such an angle that 
the water surface remained horizontal right up to the edge of the 
plate, this being determined either by inspection from the side, or 
by observation of the reflexion of a source of light in the water 
surface very close to the plate. The angle between the plate and 
the water surface was then measured by a protractor. 

These rather crude arrangements were adequate for this work, - 
the plates varied in angle of contact, in different parts, by severa: 
degrees; there would be little difficulty in improving the opal 
arrangements, but we would point out that it is of little use to employ y 
accurate optical devices in the measurement of angle of contact 
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less both a proper means of obtaining a freshly cleaned water 
rface and a means of moving the plate relative to the water 
rlace are provided. If contamination is present to an extent 
ficient to affect the surface tension of the water, the angle of 
ntact will be too low; the method of cleaning by paraffined 
riers working on a fairly wide paraffined surface at the level 
the water has been exhaustively tested in recent work on thin 
ms and found simple and effective. Ablett’s most accurate work 
paraffin wax (Phil. Mag., 1923, 46, 244) has probably given a good 
sult, although no means of frequently cleaning the surface was 
ailable, because paraffin wax practically does not contaminate 
water surface; nevertheless his apparatus would probably not 
satisfactory for the majority of substances. An ideal apparatus 
ight combine his method of rotating the cylinder of the solid 
th the method of cleaning by paraffined barriers. 

The principal difficulty in measurement of contact angles is the 
ect of motion of the solid in dragging the liquid along with it. 
_extreme cases, the angle when the liquid is advancing over the 
lid may be 60° greater than when itis receding. It is not necessary 
at there should be actual motion, for a force on the liquid tending 
Move it has the same effect. The phenomenon is obvious on 
spection of a drop of water on a slightly dirty glass plate; it 
pears to have been first described in detail by Pockels (loc. cit.) 
d has been accurately measured in one case by Ablett. In the 
‘se of some surfaces, when the motion ceases, the line of contact 
/ liquid and solid slips back to give a true equilibrium contact 
gle, the same whether the motion was advancing or receding. 
his was only observed with one or two mechanically smooth sur- 
ses, such as a scraped paraffin-wax surface. Ablett’s results 
(a surfaces turned in a lathe) indicate that he obtained a true 
stationary’ angle of contact. In nearly all cases, including 
sme with paraffin wax, when advancing motion ceased the liquid 
ise to an angle of contact which was greater than that to which 
ifell after cessation of receding motion. The angle usually became 

tant after motion, in less than a minute. So far as our 
Cservations go, it is indicated that the rougher the surface is, 
iechanically, the greater is the difference between the advanc- 
ig and receding angles; but it is not yet proved that there is 
aways a relation between mechanical roughness and the dragging 
eect. 

The cause of this dragging effect (often called “‘ hysteresis ”’ of 
te angle of contact) seems to us to lie, not in any absorption of 
te liquid by the solid, but in a simple friction of the liquid on the 
srface. Let F be the force of friction which just prevents motion, 
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then, when the liquid is on the point of advancing, equation ( 


becomes | 


{hes 7 sL — fe, COSsO, ot F . . . . . (4 
and when just receding, | 
{pS — Lan — fie cosbz — F ° ° , ° . (5. 


6, and 6, are the angles of contact when the force is just sufficier 
to move the liquid forwards or backwards, and are therefore th 
angles measured after moving the plate a short distance and waitin | 
till the angle becomes constant after the motion has ceased. 

For the calculation of W by equation (3) the equilibrium ang]| 
s required. By adding (4) and (5), and eliminating T'sy — qT; 


by (2), 


{ 
f 


2 cos 6 = cos 64 + COS 62 : : : ; - 


and when (as with the aliphatic substances here considered) th 
angles are between 45° and 135°, no error cee than 2° arise, 
by substituting 


20 ='0, + Op. : : - (7) 

By raising the plate of solid di uid i means of the rack ani 
pinion, and taking the mean of the angles after advancing and afte, 
receding motion, the following values of the equilibrium angle 0) 
contact have been measured. The error is probably of the order 5| 
in most cases; the angle for a scraped paraffin-wax surface is prob 
ably correct to 1°, and agrees with other published determinations. 


Work of adhesio1 | 
Angle of in ergs per | 
Surface. contact. sq.cm. 
Paraffin wax : 
Sorapoehseriacs ; \yciatishael. eset apie es 105° 54 
OMGINOU STh IT io. ke: oie ce bles Capeti at niis + 105 54 
Solidified in contact with water ......... 85 to 100 79-4 to 60-4 | 
Octadecy] iodide : 
SOMO 17k RIT ch ics. cen g se rebaannely teed 100 60-4 
SSOTATION. oy oats era yar eck sockeye etn cehcnie 95 66-5 
Pure hexadecyl alcohol : 
Old Hed 111 iT wis +5 ond debs aoaguertopees he 95 66-5 
Beraped SULIBOR 4.0. Gusteetercrabentecs: 50 to 75 123 to 92 
Crystal flake’ oi 5002 LE aa A ete ete 85 79-4 
Kahlbaum’s “‘ cetyl alcohol”’ (not crystalline) 20 to 50* — 
Palmitic, stearic, and eicosanic acids, also 
commercial “ stearic ”’ a 
Solidifiediin bir iacchiail ghee 100 to 105 60-4 to 54 
BICTEIION, giles kos cna sicis cn sid womans rele ane alia 50 to 105 123 to 54 
SLY SUGL TIAKD  sVu.cenes: serteuee a teanecew des 95 66 | 
Octadecylamine and eicosylamine hydro- | 
chlorides : 
VRS 1115.05 bos ssln's axis pep bu a pine wees vaca caes aoe 45 128 


* The “ cetyl” alcohol contaminated the water surface very quickly, ant 
possibly the surface tension of the water was lowered sufficiently to rende! 
these angles decidedly too low. 
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‘There is a strong tendency for the surfaces which have solidified 
om a melt, in air, to approach the value for paraffin wax. This 
dicates that the normal orientation of molecules is with the paraffin 
ains outwards. 

Paraffin wax and octadecyl iodide, which contain no groups 
ving a strong affinity for water, give practically the same angle 
'a surface cut from the interior as at the natural surface. The 
‘bstances which contain polar groups at one end of the molecule, 
ids and alcohols, give very varying results for surfaces cut from 
ie interior. These may be as low as 50°, or have practically the 
me value as the natural surface. It is known from the X-ray 
sidies of Miiller and Shearer that these substances crystallise in 
kes, the unit of which is a layer 2 mols. thick, which has the polar 
coups in the interior and the hydrocarbon chains outwards. A 
(t surface which runs parallel to the direction of these flakes in 
te solid mass will expose very few, if any, polar groups; but one 
e right angles will expose the maximum number. Hence the 
\riation in the results. 

An attempt was made to produce a surface of hexadecyl alcohol 
cntaining a very high concentration of polar groups, by solidifying 
te mass in contact with water, so that the layer of molecules nearest 
te water might be oriented with polar groups outwards. This 
us not successful, probably because this outermost layer sticks 
ire closely to the water, to which it is attracted by polar groups, 
tan to the solid plate, to which it is attracted only by the smaller 
airaction between methyl groups; surfaces crystallised in contact 
sth water were of two kinds, some having a small angle of about 
\°, others giving about 100°. Frequently both types of surface 
wre present on the same mass. It was observed that the surface 
vth low angle of contact had a fine structure and did not flake off, 
te appearance indicating that the crystal flakes were nearly per- 
fndicular to the water; those with high angle easily flaked off, 
sowing that the crystal flakes were parallel to the water. 

The table also indicates a tendency of the crystalline flakes 
(rmed from alcoholic or benzene solutions) to have a lower angle 
econtact than the mass solidified from the melt. The difference 
iperhaps too small to be trustworthy in the case of the alcohols 
ad acids, but the amine hydrochlorides (which could not be examined 
aver solidification from a melt, as they decompose on melting) 
fve a very low angle of contact in the flakes. It is very probable, 
fm the similarity of constitution and of the appearance of the 
fkes, that these flakes have the same molecular structure as those 
€ the acids and alcohols. Thus the very strongly polar groups 
i the interior appear to exercise an appreciable attraction on the 
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water over a distance equal to the length of an octadecyl chain- 
about 22 A.U. Owing to the fact that a layer of closely pack 
hydrocarbon chains is undoubtedly permeable to water molecule’ 
this cannot be taken as a proof that the attraction of the interi 
polar groups does actually extend to a distance 22 A.U., still retail 
ing a considerable fraction of its intensity. The interchalae i) 
water between the internal polar groups and the exterii 
may result in something approaching chains of water molecu) 
in among the hydrocarbon chains, and this would render the exteri 
surface polar. The flakes of these amine hydrochlorides, immerse 
in water for some hours, swell, and form a colloidal solutia’ 
eventually. | 


Tur SorBpy RESEARCH LABORATORY, 


UNIVERSITY OF SHEFFIELD. [ Received, Fi 9th, 1925.) | 
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CCLI.—The Parachor and Chemical Constitution, 

Part II, Geometrical Isomerides. io i | 


By SamMurEL SuGpEN and Henry WHITTAKER. | 


Wuitst many physical properties of geometrical isomerides hay 
been investigated and correlated with configuration, no systemati| 
study of the surface tensions of such substances appears to have bee 
made. The work now described was commenced about two yeal 
ago with the object of collecting data for pairs of isomerides ¢ 
known configuration which might provide a basis for a method ¢| 
determining configuration when the chemical evidence was n¢ 
conclusive. Meanwhile it was found by one of us (Sugden, J) 
1924, 125, 1178) that the parachor, a quantity involving surfac’ 
tension and density, can be expressed as a simple additive functio | 
of certain atomic and structural constants; from these constant. 
it is possible to calculate the theoretical parachor for all the sul| 
stances studied and, by comparison of this with the observed figar | 
to detect the existence of any anomalies. 

The determination of the parachor of geometrical icomanal i 
also of interest, since it has been found (Sugden, Reed, and Wilkin, 
this vol., p. 1525) that by means of this constant a distinction cal 
be austen between the two types of double bond which are predicte' 
by the “‘ octet ” theory of valency as developed by Lewis, Langmui 
and Lowry. The non-polar double bond, consisting of two coval 
encies, adds 23-2 units to the parachor, whilst the semipolar doubl 
bond, which is made up of one covalency and one electrovalency 
lowers the molecular parachor by 1-6 units. It is therefore an eas) 


| 
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atter to determine experimentally the type of linking present in a 
wticular compound. ‘Lowry has suggested that the “ activated ” 
olecule of an ethylene derivative may contain a semipolar double 
md; this may not, of course, persist in the resting state and 
qmgmuir (loc. cit.) assumes that carbon-carbon double bonds are 
yn-polar, so that each carbon atom possesses a complete octet. 
arther it has been suggested by one of us (Sugden, J., 1923, 123, 
364), that there must be free rotation about a semipolar double 
md; hence it would be expected that compounds which exhibit 
sometrical isomerism would possess a linking of the non-polar 
‘pe. It may be stated at once that all the ethylene derivatives so 
ir examined, including those discussed in the present paper, have 
en found to contain non-polar double bonds. 

‘The substances which have been measured are all methyl esters 
‘ unsaturated acids. Esters were used to avoid the complication 
itroduced by association of the free acids, and methyl esters were 
wosen so that the loading of the molecule, which might obscure 
mall differences between isomeric substances, should be as small 
‘ possible. 

The results obtained are shown in the accompanying table. Since 
ie calculated value of the parachor includes the effect of a non- 
»vlar double bond, the good agreement between the figures in the 
Ist two columns shows that all these compounds contain this type 
(linking. If a semipolar double bond were present the molecular 
wachor would be 24-8 units lower, and whilst deviations of a few 
nits are present in the observed figures none of them is large enough 
» suggest the occurrence of this type of bond. 


Parachors of cis- and trans-Unsaturated Esters. 


Parachor. 
“ Con- 

Methy] ester. figuration. Authority. Obs. Cale. 
innamate trans Liebermann 1 373-9 377-9 
doCinnamate cis fe 376-1 si 
‘Bromocinnamate trans Erlenmeyer ? 4266 428-8 
‘Bromoallocinnamate cis ep 427-9 3 
Bromocinns mate trans Michael and Brown? 424:8 + 
\Bromoallocinnamate cis tk my 427°5 it, 
-esaconate trans van’t Hoff 4 341:9 © 347-8 
‘traconate cis 3 346-1 7 
umarate trans x 308°5 308-8 
-aleate cis 309-6 a 


* Ber., 1890, 28, 2511. 2 Ibid., p. 2130. % Ibid., 1886, 19, 13878. “4 “ Die 
agerung der Atome im Raume,” Braunschweig, 1877, 21. 


There is a small but systematic difference between the values of 
1e parachor for each pair of isomerides; the cis-compounds, in 
hich two bulky groups are adjacent, give values for the parachor 


1870 SUGDEN AND WHITTAKER: THE PARACHOR AND CHEMICAL 


closely approximating to the theoretical figure, whilst the trans- 
compounds give rather lower values. The difference is small and 
varies from one unit in the case of maleic and fumaric esters to four 
units for the mesaconic and citraconic esters. It is therefore little 


greater than the experimental error; but it appears systematically 


in each of the pairs of compounds examined, so that configuration 
does seem to have a real although small effect upon the molecular 
parachor. 

Isomeric substances, e.g., the esters of the formula C,H,,0, and 
the three xylenes, have very nearly the same parachor (Sugden, 
loc. cit., 1180, 1185). Since the atomic constants do not vary in 
different classes of substances, any differences between the parachors 
of isomerides must be due to marked differences in structure. The 
structural constants so far evaluated range from 46:6 for the triple 
bond to 6-1 for a six-membered ring and appear to depend chiefly 
upon the degree of unsaturation, or rather upon the crowding of 
the orbits of shared electrons. The semipolar double bond with a 


constant of —1-6 fits in with this conception, since, for example, in — 


sulphates and phosphates there is no chemical evidence of un- 
saturation. Thus a marked difference between the parachors of 


isomerides would be expected to occur only with a marked difference — 
in structure and in degree of unsaturation, as, for instance, in benzene, | 


for which [P] calc. = 207-1, and dipropargyl, for which [P] calc. = 
224-6. It is therefore not surprising that the configuration of 
geometrical isomerides has only a small influence upon the molecular 
parachor. 
EXPERIMENTAL. 
The isomerides of the cinnamic series were prepared by Sud- 
borough’s methods (J., 1903, 83, 666, 1153). Cinnamiec acid was 


converted into ethyl «a -dibromo-8-phenylpropionate, the latter — 
treated with alcoholic caustic potash, and the resulting mixture of | 
a-bromocinnamic and «-bromoallocinnamic acids separated by means — 


of the barium salts. Phenylpropiolic acid was prepared by heating 


bromocinnamic acid with aqueous caustic potash. Sudborough | 
recommends the use of a 20% solution of potash and gently heating 
on the water-bath, but a better conversion resulted by heating more © 


vigorously with 30% potash. Even under these conditions the 
reaction was not complete, and difficulty was experienced in the 


purification of the phenylpropiolic acid until it was found that its _ 
barium salt was soluble in dilute ammonia and so could be readily © 
separated from the insoluble barium bromocinnamate. The 8-bromo- — 


acids were prepared by the addition of phenylpropiolic acid to 
saturated aqueous hydrobromic acid, and the isomerides separated 


by means of their barium salts. alloCinnamic acid was obtained 
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by reducing 8-bromoallocinnamic acid with zinc dust and 96% 
alcohol; the directions given by Michael (Ber., 1901, 34, 3651) for the 
preparation of isocinnamic acid were followed, but the results 
confirmed the conclusions of Sudborough (loc. cit.) that the product 
is nearly pure allocinnamic acid. 

With one exception the methyl esters were prepared from the 
free acids by the Fischer-Speier method. Maleic acid under this 
treatment gave a mixture of fumarate and maleate which contained 
very little maleate; this ester was therefore made by the action of 
methyl iodide on the silver salt. 

The surface tensions of the purified esters were determined by the 
method of maximum bubble pressure (J., 1922, 121, 860; 1924, 
125, 27). Seven bubblers were used in the course of the work and 
in general each substance was measured on two instruments. The 
constants for these are tabulated below. The densities over a 
suitable temperature range were determined by means of the 


App. 3b. 4a, 4c. 4d. 5b. 6. 6a. 
r,cm. 0-159 0-139 0-139 0-139 0-140 0-156 0-156 
A ... 0:004664 0-:003708 0-004790 0-007767 0-009655 0-004439 0-009109 


U-shaped! pyknometer previously described (J., 1924, 125, 1171). 
In the tables below, ¢ is the corrected temperature, P the difference 
in pressure in dynes/cm.* required to liberate bubbles from the two 
tubes, D the density in gm./c.c., ¢ the correction factor, and y the 
‘surface tension in dynes/em. The parachor is calculated by the 
formula [P] = y'*M/D, where M is the molecular weight. 

Methyl cinnamate was recrystallised from ligroin and melted 
sharply at 33-5° (corr.), M 162-1. Densities determined : 1-078 at 36°, 
1-069 at 47°, 1-058 at 61°, 1-046 at 76°, 1-035 at 90°; whence Dj. = 
1-107 — 0:000795 ¢. 


App. t tae fap o. 7: Parachor. 
4a 46° 9926 1-070 1-010 37°17 374-1 
4c 56 7373 1-062 1:0135 35°78 373°4 
4a 67 9353 1-053 1-011 35:05 374:4 
4c 75 6960 1-047 1-014 33:80 373-4 
4a 90 8696 1-035 1-011 32-60 374:3 

Mean 373:9 


This substance was measured by Walden and Swinne (Z. physikal. 
Chem., 1912, 79, 730) and by Morgan and Chazal (J. Amer. Chem. 
Soc., 1913, 35, 1821). They used the density data of Weger 
(Annalen, 1883, 221, 75), which are 4% lower than ours. Calculated 
with the aid of our densities, the surface tensions found by Walden 
and Swinne agree well with our measurements, whilst those of 
Morgan and Chazal are stilllow. The latter workers give no criteria 
by which the purity of their specimen can be judged. 
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Methyl allocinnamate boiled at 129—130° (corr.)/17 mm., M 162-1. 
Densities determined: 1-088 at 20°, 1-078 at 30°, 1-057 at 51°, 
1-047 at 62°, 1-029 at 80°; whence Di = 1-107 — 0-000977 t. 


App. fi Fe HR p y: Parachor. 
4d 20° 5069 1-088 1-020 40-17 375:2 
a 41 4732 1-067 1-021 ~ 387-53 376°2 
is 62 ' 4400 1-047 1-022 34:93 376-6 
oF 78 4139 1-031 1-023 32°88 376-5 
Mean 376-1 


Methyl «-bromocinnamate boiled at 165° (corr.)/16 mm., M 241-0. 
Densities determined: 1-475 at 20°, 1:450 at 40°, 1-419 at 65°, 
1:388 at 90°, 1-363 at 110°, 1-333 at 135°; whence D; = 1-500 
— 0:0012388 7. 


App. te fal nay Q. y: Parachor. 

3b 20° 9618 1-475: 1-0165 45-59 424-6 
6 30 9828 1-463 1-016 44-32 425-0 
3b 51 8810 1-436 1-0175 41-80 426-9 
6 61 8966 1-424 1-017 40:47 427-0 
3b $1 8044 1-399 }rQL9 38°22 428-4 
4c 112 6948 1-361 1-018 33:87 427-3 
sb 131 6469 1-337 1-:0195 31-57 427-3 

Mean 426-6 


Methyl «-bromoallocinnamate boiled at 153-5—154° (corr.) /14 mm., 
M 241-0. Densities determined: 1-450 at 20°, 1-429 at 39°, 1-406 
at 57°, 1:397 at 65°, 1:378 at 81°; whence Di. = 1-475 — 0-001195 7. 


App. t. Fy D. op. 7. Parachor. 
3b 20° 9155 1-451 1-017 43-41 426-4 
6 30 9380 1-439 1-016 42-30 427-3 
3b 48 8468 1-417 1-018 40-20 427-4 
6 60 8588 1-403 1-017 38-77 428-8 
3b 81 7595 1-378 1-0195 36-10 4288 
Mean 427-9 


Methyl B-bromocinnamate boiled at 166-5° (corr.)/16 mm., M 241-0. 
Densities determined: 1-468 at 20°, 1-450 at 36°, 1-435 at 49°, 
1:411 at 70°, 1-400 at 80°; whence Di. = 1-490 — 0-00113 ¢. 


App. a Page 2, op. 7. Parachor. 
3b 20° 9445 1:468 1-017 44-79 424-7 
4c 32 8706 1-454 1-016 42-36 422-9 

rd 53 8263 1-439 1016 ~ 40:21 424-5 
61 8855 = -1:421 1:017 39-96 426-5 
4c LA 7699 1-404 1-017 37:49 425-0 


sl Mean 424:8 


Methyl -bromoallocinnamate was recrystallised from ligroin and 
melted sharply at 59° (corr.), M 241-0. Densities determined : 
1-386 at 62°, 1-376 at 70°, 1-358 at 85°, 1-346 at 95°; whence Dy = 
1-461 — 0-00121 ¢. 
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App. i. ae pen op. y: Parachor. 
6a 66° 3814 1-381 - 1-038 36-04 427-7 
4a 71 9372 1-375 1-014 35-23 427-1 

3 81 9064 1-363 1-014 34-07 427-3 
6a 86 3537 1-357 1-041 33-54 427-5 
4a 94 8690 1-347 1-015 32-70 427-9 

Mean 427:5 


Dimethyl mesaconate boiled at 100° (corr.)/16 mm., M 158-1. 
Densities determined: 1-126 at 20°, 1-115 at 30°, 1-098 at 45°, 


‘1-076 at 65°, 1-060 at 80°; whence Di = 1-148 — 0-001103. 


App. t. at As p. y: Parachor. 
6a 20° 3691 1-126 1-032 34-68 340-°8 
4a 32 9010 1-118 1-012 33-80 342°6 
6a - 52 3268 1-091 1-035 30-80 341°5 
4a 63 7945 1-079 1-013 29-84 342°-5 
6a 80 2928 1-060 1-038 27:68 342-2 

Mean 341:9 


Dimethyl citraconate boiled at 103-5° (corr.)/16 mm., M 158-1. 
Densities determined: 1-113 at 26°, 1-101 at 36°, 1-091 at 45°, 
1-081 at 55°, 1:070 at 65°, 1:056 at 78°; whence D, = 1-140 — 
0-00108 ¢. 


App. t. F. D. ps 7: Parachor. 
6a 20° 3801 1-119 1-031 35°69 345-5 
4a 32 9208 1-106 1-011 34:51 346-6 
6a 53 3332 1-083 1-034 31-37 345-6 
4a 64 8203 1-071 1-012 30-78 347-7 
6a 79 2986 1-055 1-037 28-20 345-3 

Mean 346-1 


Dimethyl fumarate, recrystallised from ligroin, melted sharply at 
102° (corr.), M 144-1. Densities determined: 1-049 at 106°, 
1-032 at 121°, 1-022 at 129°, 1-010 at 140°, 0-999 at 150°, 0-987 
at 160°; whence D?: = 1-170 — 0-00114 ¢. 


‘App. t. Ps va @- y- Parachor. 
6a 106° 2708 1-049 1-041 25:67 309-3 
a 123 2503 1-029 1-043 23°77 309-3 
4a 132 6040 1-019 1-016 22:75 308°9 
6a 146 2221 1-003 1-048 21-20 308-4 
4a 163 5083 0-984 1-018 19-18 306-6 
Mean 308:5 


Dimethyl maleate boiled at 102° (corr.)/17 mm., M 144-1. Densities 
determined : 1-160 at 20°, 1-144 at 35°, 1-115 at 60°, 1:075 at 95°, 
1-058 at 113°, 1-031 at 185°; whence Di? = 1-183 — 0-00112 ¢. 


App. te fee D. op. y- Parachor. 
4c 24° 7682 1-156 1-01 37°31 308-4 
5b 35 3642 1-144 _ 1-080 36-21 309-0 
4c 51 7020 1-126 1-015 34:12 309-3 
5b 67 3239 1-108 1-032 32-26 310-1 
4c 86 6150 1-087 1-017 29-95 310-1 
ih 113 5509 1-056 1-018 26-85 310-0 
is 143 4795 1-023 1-020 23-42 310-0 

Mean 309-6. 
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Summary. 


(1) The surface tension and the density of five pairs of geometrical 
isomerides have been measured over a range of temperatures. 

(2) All the substances examined contain a non-polar double bond 
adding 23-2 units to the molecular parachor. 

(3) The cis-compounds, in which two bulky groups are adjacent, 
have slightly higher parachors than the corresponding trans-com- 
pounds. 


One of us (S. S.) wishes to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the cost of this investigation. 


BIRKBECK COLLEGE (UNIVERSITY OF LONDON), 
Ferrer Lane, E.C. 4. [Recewed, July 9th, 1925]. 


CCLIL.—A New Synthesis of Aldehydes. 
By Henry STEPHEN. 


THE basis of this new method is the conversion of a nitrile through 
the imino-chloride (which need not be isolated) into an aldehyde 
with the same number of carbon atoms. The most suitable reducing 
agent is anhydrous stannous chloride * dissolved in ether saturated 
with hydrogen chloride. Finely powdered, anhydrous stannous 
chloride (14 mols.) is suspended in dry ether, which is then saturated 
with dry hydrogen chloride until the mixture separates into two 
layers, the lower viscous layer consisting of stannous chloride 
dissolved in ethereal hydrogen chloride. The nitrile (1 mol.) is 
now added with vigorous shaking and, after a few minutes, separation 
begins of a white, crystalline aldimine stannichloride, 
(R-CH:NH,HCl),,SnCl,. 

The course of the formation and reduction of the imino-chloride 
is therefore as follows: R:CN + HCl — R:CCLNH; R:CCLENH + 
SnCl, -+- 2HCl —> R-CH°NH,HCl + SnCl,. After removal of this 


* The anhydrous stannous chloride for these reactions was prepared by 
heating the crystalline variety until the temperature reached 180°. The 
product contained some stannous oxide, but this appears to be insoluble in 
ether saturated with hydrogen chloride. A convenient and rapid method 
for preparing pure anhydrous stannous chloride is to dissolve the fused mass 
obtained as above in pyridine. Solution takes place with evolution of heat 
and the insoluble stannous oxide is then filtered off. The filtrate deposits 
fine, white needles of a double compound, SnCl,,2C,;,H,;N (Found : SnCl,, 53-2; 
C,;H;N, 46:4. SnCl,,2C;H,N requires SnCl,, 53-2; C,;H,;N, 46-89%). When 
the double compound is heated under diminished pressure the pyridine is 
removed; the residue is anhydrous stannous chloride. 
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salt the ether may be again employed for another preparation. 
The salt is readily hydrolysed by warm water, and the aldehyde 
formed may be removed by distillation with steam or extraction 
with a solvent. 

The method is applicable to aliphatic and aromatic nitriles, and 
the yields are usually almost quantitative. As the rate of deposition 
of the stannichloride varies in different cases, it is advantageous 
to allow at least two hours for completion of the reaction. 

3:4:5-Trimethoxybenzonitrile and other nitriles which are 
only sparingly soluble in cold ether may be dissolved in chloroform 
and the solution added to the reducing agent. 

o-Toluonitrile and «-naphthonitrile give only small yields of the 
respective aldehydes. This is no doubt due to steric hindrance, 
of which the two nitriles form well-known examples; both, for 
instance, fail to give imino-ethers (Pinner, “ Die Imidoather und 
ihre Derivate,”’ 1892, pp. 4, 81), for the formation of which an imino- 
chloride is essential. 

A special application of the method is the formation of indole 
by reduction of o-nitrophenylacetonitrile; sufficient reducing 
agent is employed to reduce both the imino-chloride and the nitro- 


group : 
CH,CN CH,-CHO CH 
CoHi<yo, —> CHS, —> OFy<yy>CH 


(compare Pschorr, Ber., 1910, 43, 2543). 


EXPERIMENTAL. 


n-Octaldehyde.—Octonitrile was prepared by warming a solution 
of octoamide in thionyl chloride on the water-bath for 30 minutes 
and removing the excess of thionyl chloride under diminished 
pressure. The residue of nitrile (b. p. 87°/10 mm.) was almost pure 
and the yield quantitative. The method has been applied to the 
amides of myristic, palmitic, and stearic acids with equally good 
results. | 

Octonitrile (25 g.) was brought into reaction with stannous 
chloride (57 g.) in dry ether (200 c.c.), saturated with hydrogen 
chloride as described above. The aldehyde produced by hydrolysis 
of the stannichloride was isolated by distillation with steam and 
extraction with ether. It was obtained as a colourless oil, b. p. 
65°/11 mm., having a strong lemon-like odours Prepared by the 
usual methods and crystallised from methyl alcohol, the oxime was 
obtained in fine, silky needles, m. p. 60°, the semicarbazone in 
needles, m. p. 98°, and the p-nitrophenylhydrazone in bright yellow 
needles, m. p. 80° (Found: N, 15:8. Oren 02Ns requires N, 
15-9%). \ 
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Myristaldehyde was prepared from the corresponding nitrile, 
but being only slightly volatile in steam it was extracted with warm 
ether after hydrolysis of the stannichloride. It was obtained as 
thin, colourless lamin, m. p. 23°, b. p. 155°/10 mm., and rapidly 
polymerised to a white solid, m. p. 65°. The oxime and semi- 
carbazone crystallised from methyl alcohol in needles, m. p. 82°5° 
and 106-5°, respectively (compare Le Sueur, J., 1905, 87, 1900). 
The p-nitrophenylhydrazone is a bright yellow, crystalline powder, 
m. p. 95° (Found: N, 12-4. C,,H,,;0,N, requires N, 12-1%). 

Palmitaldehyde formed thin plates with nacreous lustre (from 
ether), m. p. 34°; the polymeride had m. p. 73—74°. The oxime 
and semicarbazone crystallised from methyl alcohol in needles, 
m. p. 88° and 107°, respectively (Le Sueur, loc. cit.). The p-nitro- 
phenylhydrazone formed yellow needles, m. p. 96-5°, from alcohol 
(Found: N, 11-3. C,,H;,0,N, requires N, 11-:2%). 

Stearaldehyde has m. p. 38°, not 63-5° as stated by Krafft (Ber., 
1880, 13, 1417). It rapidly polymerises to a white solid, m. p. 80° 
The oxime and semicarbazone crystallise in needles, m. p. 89° and 
108—109°, respectively. The p-nitrophenylhydrazone forms yellow 
needles, m. p. 101°, from methyl alcohol (Found: WN, 10-6. 
C,,H,,0,N, requires N, 10-4%%). | 

Benzaldehyde.—Benzonitrile is rapidly and almost quantita- 
tively converted into benzaldehyde by the new method. The 
stannichloride was obtained in white needles from alcohol (Found : 


Sn, 21-2. C,,H,,N,Cl,Sn requires Sn, 21-8%). The salt, if dry, 


may be preserved indefinitely. It dissolves in water, but is rapidly 


hydrolysed when the solution is warmed. 


3:4: 5-Trimethoxybenzaldehyde.—The corresponding nitrile is 
readily obtained by the action of thionyl chloride on the amide 


(yield 90°), and without further purification melts at 93° as stated 


by Harding (J., 1911, 99, 1594). A solution of the nitrile (9 g.) in 
20 c.c. of chloroform is added to anhydrous stannous chloride (9 g.) | 
in ether (150 c.c.) saturated with hydrogen chloride. After an_ 


hour the yellow stannichloride is filtered off, hydrolysed by boiling 


water, and the solution filtered. 3:4 : 5-Trimethoxybenzaldehyde | 
erystallises from the filtrate in shimmering leaves, m. p. 74— 
75°. The oxime has m. p. 88°; the semicarbazone, m. p. 218°; | 
and the p-nitrophenylhydrazone, m. p. 201° (compare Mauthner, © 


Ber., 1908, 41, 923). 


Indole.—o-Nitrophenylacetonitrile (3 g.) is added to a solution 
of anhydrous stannous chloride (16 g.) in ether (100 ¢.c.) saturated — 
with hydrogen chloride. After remaining 2 hours, the stanni-— 


chloride is filtered off, dissolved in water, the solution made alkaline | 


with sodium hydroxide. and the indole removed in a current of 


| 
| 
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steam. The product, m. p. 52° (yield 1-2 g.), shows all the char- 
acteristic properties of indole. 

The following aldehydes have been prepared by the new method, 
and except in the cases marked * the yields were almost quanti- 
tative. o-Tolualdehyde,* b. p. 94°/10 mm.; p-nitrophenylhydrazone, 
red needles, m. p. 222°, from alcohol (Found : N, 16-2. C,,H,,0,N; 
requires N, 16.4%). -Tolualdehyde, b. p. 106°/10 mm.; _ p-nitro- 
phenylhydrazone, similar to the above, m. p. 200-5° (Found: N, 
165%). o- and p-Chlorobenzaldehydes, phenyl-, p-chlorophenyl-, 
and -tolyl-acetaldehydes (p-nitrophenylhydrazone of the last, 
yellow needles from alcohol, m. p. 144:5°. Found: N, 15-3. 
C,;H,;O.N, requires N, 15-6%), cinnamaldehyde and (-phenyl- 
propaldehyde, «-naphthaldehyde * (m. p. 33—34°; oxime,.m. p. 
39°; semicarbazone, m. p. 222°; p-nitrophenylhydrazone, orange 
needles, m. p. 234°. Found: N, 14:4. (©,,H,,0,N. requires N, 
14-4°%). The investigation is being continued. 


In conclusion, the author has to thank Professors Lapworth and 
Robinson for their interest in the research. 


THE UNIVERSITY, MANCHESTER. [ Received, June 26th, 1925.] 


CCLIII.—Bf'-Dichloro- and BB'-Dibromo-diethy? 
— Selenides and their Simple Halogen Derivatives. 


By Huau Curster Bett and CHARLES STANLEY GIBSON. 


In studying the reaction between ethylene and selenium mono- 
chloride, Bausor, Gibson, and Pope (J., 1920, 117, 1453) showed 
that. @6’-dichlorodiethyl selenide dichloride (m. p. 122-5°) is formed 
_ and that the reaction proceeds according to the equation 2CH,:CH,++- 
2Se,Cl,—=(CH,Cl-CH,),SeCl,+3Se. Heath and Semon (Ind. Hng. 
Chem., 1920, 12, 1100) suggested that the final product is s-tetra- 
chlorodiethyl selenide, (CHCl,"CH,),Se, m. p. 118°.t On the other 
hand, Boord and Cope (J. Amer. Chem. Soc., 1922, 44, 395) agree 
that the final product is 68’-dichlorodiethyl selenide dichloride, 
but they advance arguments to prove that the reaction goes in 
two stages : 


(a) 2C,H,+Se,Cl,=(C,H,Cl),Se-+-Se. 
(6) (C,H,Cl).Se+Se,Cl,=(C,H,Cl),SeCl,-+-28e. 
In their paper Boord and Cope do not give any indication that 
they have investigated the reaction between ethylene and selenium 


{ These authors state that hydrogen chloride is evolved during the reaction. 
We have found that this is not so if precautions are taken to exclude moisture. 
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monochloride and did not isolate 66’-dichlorodiethyl selenide which, 
the present work has further proved, was described by Bausor, 
Gibson, and Pope for the first time (compare Boord, Ind. Eng. 
Chem., 1919, 14, 101). The argument advanced by Boord and 
Cope is based on the results of experiments on the reaction between 
selenium monochloride and propylene, butylene, and amylene, 
respectively, and they show in each case that when selenium mono- 
chloride is added to the olefine the 6’-dichlorodialkyl selenide is 
produced (reaction a). The only case of the formation of a selenide 
dichloride found by Boord and Cope was when they carried out 
the reaction between selenium monochloride and propylene, sub- 
stantially under the conditions maintained by Bausor, Gibson, 
and Pope in the case of ethylene, and they obtained {8'-dichloro- 
dipropyl selenide dichloride. If the reaction between the olefines 
and selenium monochloride is a general one and occurs in two stages 
as stated by Boord and Cope, then that between the selenide 
and selenium monochloride (b) must be quantitative and proceed 
under the ordinary conditions of the experiment. In only one case 
apparently did the authors try this; they found that when equi- 
molecular quantities of selenium monochloride and £(’-dichloro- 
dibutyl selenide were mixed the selenide dichloride was not obtained. 
The work of Boord and Cope indicates that the selenide dichlorides 
from butylene and amylene are difficult to prepare and may not 
have been obtained, but it affords little evidence that the reaction 
between ethylene and selenium monochloride takes place in two 
stages. 

When selenium monochloride in chloroform is added to a chloro- 
form solution of @8’-dichlorodiethyl selenide at the ordinary tem- 
perature the formation of @f’-dichlorodiethyl selenide dichloride 
is, we find, instantaneous and selenium separates at once. Although 
it may be convenient to regard the formation of the selenide as a 
phase in the reaction, it is clear that it cannot exist in the presence 
of selenium monochloride for any appreciable time. We describe 
below a highly satisfactory method for the preparation of ®’-di- 
chlorodiethyl selenide from the dichloride in which the possibility 
of its contamination with selenium is avoided and since the prepar- 
ation of the dichloride can be carried out so readily we have 
not investigated the possibility of the preparation of the some- 
what toxic selenide directly from selenium monochloride which, at 
the best, would involve the separation of the product from selenium. 

88’-Dichlorodiethyl selenide dichloride can be prepared not only 
by the action of ethylene on selenium monochloride, but also in 
quantitative yield from selenium tetrachloride, 

2C,H,-+-SeCl, = (CH,Cl*CH,).SeCl,, 
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“and the separation of the product from selenium is thereby avoided. 


It is possible to chlorinate selenium in the presence of benzene 
(very little chlorination of the latter takes place) or other suitable 
solvents to the tetrachloride and to convert this quantitatively 
into the final product, the same vessel being used throughout. 
In an analogous manner, £8'-dibromodiethyl selenide dibromide is 
obtained, starting with selenium. 

_ Bausor, Gibson, and Pope suggested that the colourless, crystalline 
substance, m. p. 23—25°, obtained in small quantity by reducing 
a cold aqueous solution of 68’-dichlorodiethyl selenide dichloride 
with sulphur dioxide is probably @f8’-dichlorodiethyl selenide (loc. 
cit.). This is the fact. It can also be prepared by reducing the 
dichloride with hydrogen sulphide or, best, with potassium meta- 
bisulphite. It has a characteristic and persistent garlic-like odour 
and its toxicity appears to be very much less than that of 68’-di- 
chlorodiethyl sulphide. The corresponding £'-dibromodiethyl 
selende is prepared in an analogous manner by reduction of the 
corresponding dibromide. 

On treatment under appropriate conditions with either chlorine 
or bromine, the selenides combine with two atomic props. of. the 
halogen. Apart from the dichloride and the dibromide already 
mentioned, we have prepared in this way 88'-dichlorodiethyl selenide 
dibromide and 8'-dibromodiethyl selenide dichloride. Since chlorine 
combines with (8'-dichlorodiethyl selenide to give the product 
obtained by the reaction of ethylene with selenium monochloride, 
these compounds afford additional evidence of the correctness of 
the constitution given to (§’-dichlorodiethyl selenide dichloride 


by Bausor, Gibson, and Pope. 8f’-Dichlorodiethyl selenide di- 


chloride is precipitated from its aqueous solution by hydrochloric 
acid, and similarly the corresponding dibromide is precipitated by 
hydrobromic acid. The product obtained by adding hydrochloric 
acid to an aqueous solution of {8’-dibromodiethyl selenide di- 
bromide was proved to be the dichloride by its yielding (@’-di- 
bromodiethy! selenide on reduction with potassium metabisulphite. 
Under similar conditions, 68’-dichlorodiethyl selenide dibromide 
is converted into £f’-dichlorodiethyl selenide. It is interesting 
to compare the instability of 66’-dichlorodiethyl sulphide dibromide 
(Gibson and Pope, J., 1920, 117, 277) with the great stability of 
the analogous compounds of selenium now described.* 


* Propylene reacts with selenium tetrachloride in a precisely similar 
manner to ethylene, and a quantitative yield of Bf’-dichlorodipropyl selenide 
dichloride results. This compound, reduced by potassium metabisulphite, 
is converted quantitatively into Bf’-dichlorodipropyl selenide (compare Boord 
pod Cope, loc. cit.). 
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So far, all attempts to prepare direct oxidation products of 
Gp’-dichlorodiethyl selenide have failed. Although part of it is 
destroyed in the process, ®8’-dichlorodiethyl selenide dichloride 
can be recrystallised from concentrated nitric acid. Under the 
conditions for converting ((’-dichlorodiethyl sulphide into the 
corresponding sulphoxide (Gibson and Pope, loc. cit.), 6G’-dichloro- 
diethyl selenide is partly destroyed and the dichloride crystallises 
out from the solution. Although the dichloride in aqueous solu- 
tion behaves like the chloride of a bivalent metal, we have not 
been able to isolate either the corresponding hydroxide or oxide. 
An attempt to prepare the oxide by the action of ethylene on 
selenium oxychloride resulted in the formation of the dichloride 
and selenium dioxide, the following reaction presumably taking 
place : 


28eOCl,-+2C,H,=SeO,-+(CzH,Cl)SeCly. 


EXPERIMENTAL. 


B’-Dichlorodiethyl Selenide Dichloride—Some quantity of this 
compound was prepared by the original method from selenium 
monochloride and the previous results were confirmed in all respects. 
When an excess of dry ethylene was passed into a dry benzene 
solution of selenium monochloride, hydrogen chloride was not 
evolved for the issuing gas produced no change in the alkalinity 
of standard sodium hydroxide. In an actual experiment, dry 
ethylene was passed into a rapidly stirred solution of 42 g. of 
selenium monochloride in dry benzene, cooled in running water. 
The yields of §8'-dichlorodiethyl selenide dichloride and of pre- 
cipitated selenium obtained were 24 g. and 19-g., respectively; 
according to the equation, they should be 25-4 g. and 21:7 g. 

The preparation from selenium tetrachloride is, however, much 
more convenient, since all contamination with selenium is avoided. 
A rapid stream of chlorine is passed into a cooled, well-stirred 
suspension of finely divided selenium (1 part) in a convenient 
amount of benzene (carbon tetrachloride, chloroform or ether 
may be used). Selenium tetrachloride is formed with evolution 
of heat and separates rapidly as a pale yellow powder. The chlorine 
supply is then cut off, finely divided selenium (3 parts) added, and 
stirring continued for some time, during which the selenium tetra- 
chloride is converted into the monochloride and almost complete 
solution is effected. The somewhat diluted benzene solution 1s 
filtered in a dry atmosphere, and chlorination is continued rapidly 
under the same conditions as before until the solution is completely 
decolorised and the selenium tetrachloride separates as a pale 
yellow powder, almost insoluble in most organic solvents. After 
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freeing the solution from excess of chlorine by passing dry air, 
ethylene is passed in until complete solution of the selenium tetra- 
chloride is effected in the warm solvent, which should become 
quite colourless when the reaction is finished. The dichloride 
erystallises as the solution cools and the small amount remaining 
in solution can be recovered in the usual manner. In this way, 
from a total amount of 20 g. of selenium, 60—65 g. of 68’-dichloro- 
diethyl selenide dichloride can be prepared conveniently in the 
course of about 8 hours including the preparation of the necessary 
ethylene. That the reaction between selenium tetrachloride and 
ethylene takes place according to the equation 2C,H,+SeCl,= 
(C,H,Cl),SeCl, was proved by passing ethylene into dry benzene 
in which 10 g. of the tetrachloride was suspended. Twelve grams 
of the resulting compound was obtained (theory requires 12-5 g.), 

The identity of the compound prepared from selenium tetra- 
chloride with that prepared from the monochloride was proved 
by its melting point (122-5°), by its crystalline form, and by its 
behaviour with sodium hydroxide in cold aqueous solution (Found : 
titratable Cl, 25:9; M, cryoscopic in hexachloroethane,* 276. 
Cale. for C,H,Cl,Se: titratable Cl, 25-69%; M, 277-2). The com- 
pound is best purified by recrystallisation from chloroform. It 
can be almost quantitatively recovered from its aqueous solution 
by addition of concentrated hydrochloric acid and this is also a 
convenient method of purification. Its aqueous solution decom- 
poses above 35°, and rapidly when boiled, with evolution of ethylene. 

When concentrated hydrobromic acid was added to a cold 
aqueous solution of 68’-dichlorodiethyl selenide dichloride, a 
yellow, crystalline precipitate was obtained which, after recrystal- 

lisation from chloroform, had m. p. 117° (decomp.) and was 
proved by its constants and by analysis to be 68'-dichlorodiethyl 
selenide dibromide, obtained also in another way (see p. 1883). 

In attempts to isolate 8@’-dichlorodiethyl selenide dihydroxide, 
careful addition of sodium hydroxide (2 equivs.) to the aqueous 
solution of the dichloride gave negative results. Similarly, in 
attempting to prepare @@’-dichlorodiethyl selenide oxide by the 
action of dry silver oxide on a benzene solution of the dichloride, 
selenium was deposited and no oxide-like substance could be isolated. 

86’-Dibromodiethyl Selenide Dibromide, (CH,Br-CH,),SeBrg, is pre- 
pared in an analogous manner to the dichloride. Finely divided 
selenium is suspended in pure carbon tetrachloride and bromine 
is added to the rapidly stirred suspension until the whole of the. 


* The use of hexachloroethane for the determination of molecular weights 
has not yet been described but, as soon as its general applicability has been 
determined, an account will be submitted for publication. 
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bromine is converted into the tetrabromide. The excess of bromine 
is removed either by boiling or by passing a current of dry air. 
Dry ethylene is then passed into the rapidly stirred suspension of 
the tetrabromide until the solution becomes clear; the £('-di- 
bromodiethyl selenide dibromide dissolves in the warm solvent and 
crystallises on cooling. One crystallisation from chloroform is 
sufficient for complete purification, well-formed, bright yellow 
prisms, m. p. 118°, being obtained (Found: Br, 71-1. C,H,Br,Se 
requires Br, 71-:6%). 

68'-Dichlorodiethyl Selenide, (CH,Cl‘CH,),Se—The substance, 
m. p. 23—25°, originally prepared by Bausor, Gibson, and Pope 
(loc. cit.) by passing sulphur dioxide into a cold aqueous solution 
of 68'-dichlorodiethyl selenide dichloride, was prepared again by 
the same method and proved to be £’-dichlorodiethyl selenide 
identical with the product obtained more conveniently by a slightly 
different procedure. 

68’-Dichlorodiethyl selenide dichloride may be reduced in boiling 
benzene solution by dry hydrogen sulphide. Sulphur separates 
and the reaction is finished when hydrogen chloride ceases to be 
evolved. On distilling off the benzene from the filtered solution, 
a product is obtained, m. p. about 24°, which is extremely difficult 
to obtain free from adhering sulphur. On extraction with dry 
ether, some sulphur is left undissolved, but the melting point of 
the product is scarcely affected. Fractional freezing of the material 
to free it from sulphur is not very satisfactory and even after repeat- 
ing this process several times analysis shows that the resulting 
material is not quite pure (Found: Cl, 33-2%). 

After many experiments the following method was finally adopted 
for preparing $8’-dichlorodiethyl selenide conveniently in a state 
of purity. A solution of pure 68’-dichlorodiethyl selenide dichloride 
(10—15 g.) in cold water is shaken with cold aqueous potassium 
metabisulphite (calc. quantity) and at once extracted with ether. 
The ethereal solution is washed with water, dried with calcium 
chloride, and evaporated; the selenide crystallises easily (yield 
almost theoretical). It is convenient to purify it by pressing on 
to clean unglazed porcelain and subsequent fractional freezing. 
It crystallises in colourless needles, m. p. 24:2° (Found: Cl, 34:7; 
Se, 38-6; M, cryoscopic in benzene, 196. Cale. for C,H,Cl,Se : 
Cl, 34:4; Se, 38-4% : M, 206). Unlike the corresponding sulphide, 
it cannot be distilled in a water-pump vacuum without considerable 
decomposition. The distillate, however, contains some unchanged 
selenide which is identified by conversion into the dibromide (see 
below). 

68’-Dichlorodiethyl selenide combines with chlorine (1 mol.) to 
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give the dichloride and with bromine (1 mol.) in chloroform solu- 
tion. The reaction is quantitative : 0-3915 g. decolorised 0-315 g. 
bromine, the theoretical quantity being 0-303 g. bromine. The com- 
pound so formed is therefore 68’-dichlorodiethyl selenide dibromide, 
(C,H,Cl),SeBr,, which crystallises from chloroform in pale yellow 
prisms, m. p. 117° (decomp.). This compound, on reduction with 
potassium metabisulphite in the manner already described, yields 
8’-dichlorodiethyl selenide. It has been mentioned that when 
hydrobromic acid is added to a cold aqueous solution of §8’-di- 
chlorodiethyl selenide dichloride this dibromide is precipitated 
(see p. 1881) and the facts now brought forward prove that when 
68’-dichlorodiethyl selenide dichloride is dissolved in water the 
halogen atoms attached to the selenium are hydrolysed. 

When a chloroform solution of selenium monochloride is added 
to a similar solution of @6’-dichlorodiethyl selenide, selenium is at 
once precipitated and the filtered solution yields a quantitative 
amount of §8’-dichlorodiethyl selenide dichloride. The reaction 
takes place with evolution of heat and proceeds according to the 
equation Se,Cl,+ (C,H,Cl).Se=(C,H,Cl),SeCl,-+ 28e. 

When £8’-dichlorodiethyl selenide is oxidised with nitric acid, 
the only product which has up to the present been isolated is 
6@°-dichlorodiethyl selenide dichloride (identified by its melting 
point and crystalline form), part of the selenide being destroyed. 
An attempt to prepare the oxide by the action of ethylene on 
selenium oxychloride resulted in the formation of selenium dioxide 
and §8’-dichlorodiethy] selenide dichloride, the selenium oxychloride 
reacting as an equimolecular mixture of selenium dioxide and 
selenium tetrachloride. 

BG’-Dibromodiethyl Selenide, (CH,Br-CH,),Se.—This compound 
is prepared by reduction of 86’-dibromodiethyl selenide dibromide 
by means of potassium metabisulphite under the conditions already 
described. It crystallises from ethyl alcohol in yellow needles, 
m. p. 44-2", and is much more easily handled than the corresponding 
chloro-compound (Found: Br, 53-5. C,H,Br,Se requires Br, 54:2%). 

It combines with chlorine in chloroform solution to give 
8’-dibromodiethyl selenide dichloride, (C,H,Br),SeCl,, pale yellow 
prisms, m. p. 98—99°, from chloroform (Found : Cl+ Br, 62:8. 
C,H,Cl,Br,Se requires Cl+Br, 63-0%). This compound has a 
greater solubility in organic solvents than the analogous com- 
pounds already mentioned. The same compound is precipitated 
by adding a concentrated solution of hydrochloric acid to a cold 
aqueous solution of $8’-dibromodiethyl selenide dibromide, but it 
has to be separated from some unchanged dibromide which is 
precipitated with it. As was expected, the melting point of the 
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product so obtained was somewhat low (96°), but, on reduction, 
it gave £§’-dibromodiethyl selenide identical with an authentic 
specimen. 

Addendum. 

The reaction between propylene and selenium tetrachloride has 
also been carried out. 6§’-Dichlorodipropyl selenide dichloride, 
m. p. 76:5° (Boord and Cope, loc. cit., give 81°), was obtained in 
almost theoretical yield. It is conveniently purified by dissolving 
in cold water, in which it is readily soluble, and reprecipitating with 
hydrochloric acid (Found: Cl, 46-7; cale., Cl, 465%). When 
reduced with potassium metabisulphite under the usual conditions, 
it was converted into @@’-dichlorodipropyl selenide, which has not 
yet been obtained crystalline (Found : Cl, 30-1; cale., Cl, 30°-3%). 
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CCLIV.—Reduction Products of the Hydroxyanthra- 
quinones, Part V1. 


By ArtHuR GEORGE PERKIN and Gun YopDa. 


Hauer and Prrxin (J., 1924, 125, 239) showed that when 3: 6’- 
dihydroxydianthranol (I), but curiously enough not the corre- 
sponding dianthrone, is oxidised with aikaline permanganate or, 
better, with ferricyanide, a mixture of the helianthrone (III) and 
naphthadianthrone (IV) is obtained. These compounds are also 
produced in minute amount by the glucose—alkali fusion of 2-hydr- 
oxyanthraquinone (Bradshaw and Perkin, J., 1922, 124, 913). 
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It appeared likely that the first product of the oxidation would 
be the dihydroxydianthraquinone (II) and it was actually found 
by Perkin and Haller (loc. cit.) that by the more gentle action of 
ferricyanide a product was obtained which seemed to consist of 
this substance in an impure condition. Experiment has now shown 
that this dihydroxydianthraquinone can be prepared in good yield 
by the action of iodine on a pyridine solution of tetra-acetyldi- 
hydroxydianthranol at about 80°, diacetoxydianthrone remain- 
ing unchanged under these conditions. This substance, apparently 
the first hydroxydianthraquinone to be prepared, consists of pale 
yellow leaflets, blackens about 280°, and does not appear to have 
a definite melting point. Though two formule are applicable to 
this compound, in which hydroxyls occupy either the 3: 6’-* or 
3: 3’-positions, it evidently consists in the main of a single sub- 
stance, because on oxidation with alkaline ferricyanide an excellent 
yield of the dihydroxyhelianthrone (III) is produced. On the 
other hand, whereas the melting point of the diacetyldianthra- 
quinone, after crystallisation from acetic anhydride, is 293—295°, 
and this can be raised by repeated fractionation from tetrachloro- 
ethane to about 314—316° without apparent alteration in the 
character of the substance, it is possible that a small amount of 
a second variety is also produced. The melting points given of 
the dibenzoyl compound, 301—302°, and the dimethyl ether, 
290-—292°, vary to some extent with the rapidity of heating, but 
on the whole there is no definite evidence that the new dihydroxy- 
dianthraquinone consists of two isomerides. 3: 3’-Dihydroxy- 
dianthraquinone (m. p. 293—295°) is easily reduced by zinc dust 
and ammonia to 3-hydroxyanthranol, but is unaffected by long 
treatment with sulphur dioxide in the presence of alcohol. By 
digestion with 3-hydroxyanthranol in boiling acetic acid solution 
3: 3’-dihydroxydianthrone is slowly produced, whereas acetyl- 
dihydroxydianthraquinone with chromic acid in the same solvent 
gives 2-acetoxyanthraquinone. Dihydroxydianthraquinone is more 
quickly affected by light than the corresponding helianthrone (loc. 
cit.), the pale yellow crystals rapidly becoming orange-coloured, 
evidently with production first of the latter compound; this change 
even occurs to some extent during crystallisation from much 
boiling acetone. Though the diacetyl and dimethyl compounds 
are less sensitive in the solid condition to light than the correspond- 
ing dihydroxy-derivative, after 5 weeks’ exposure to light their 


* Experiments in progress render it uncertain as to whether the dihydroxy- 
dianthranol reacts in these cases as the 3: 6’-compound as was suggested 
(loc, cit.), bat as the work is incomplete such formule are still employed for 
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solutions in benzene had deposited diacetoxynaphthadianthrone 
and dimethoxynaphthadianthrone containing a little dimethoxy- 
helianthrone, respectively. It is thus evident that in these circum- 
stances the helianthrone formation precedes that of the naphtha- 
dianthrone. 
| EXPERIMENTAL. 


Tetra-acetyldihydroxydianthranol (0-5 g.) dissolved in pyridine 
(5 c.c.) was treated with a solution of iodine (0-5 g.) in pyridine 
(5 c.c.) and kept at 80° for 14 hours. The reddish-brown liquid was 
poured into a freshly-acidified solution of sodium bisulphite, and 
the greenish-yellow precipitate collected and dried. On digestion 
with boiling acetic anhydride and pyridine for about 4 minute, 
crystals separated and when cold these were collected and re- 
crystallised from much acetic anhydride. The acetyl compound 
thus produced became greenish-black at about 280°, melted at 
293—295° (A), and was unaltered by further recrystallisation from 
the same solvent. On the other hand, by repeated crystallisation 
from tetrachloroethane or a mixture of this with acetic anhydride, 
the melting point rose to 314—316° (B) [Found: (A) C, 76-7; 
H, 4:2. (B) C, 76-6; H, 4:0; CH,°CO,H, 23:9. OC .H90, requires 
C, 76-8; H, 4:0; CH,°CO,H, 24:0%]. 

Owing to its sparing solubility in alcohol, the substance for the 
acetyl determination was dissolved in cold sulphuric acid over- 
night; the solution was then diluted with alcohol and treated in 
the usual manner. 3: 6’-Diacetorydianthrayuinone forms small, 
pale yellow crystals sparingly soluble in the usual solvents, the 
solutions when hot possessing a green colour which fades on cool- 
ing; this property, also possessed by 3: 6’-dihydroxydianthra- 
quinone, appears to be characteristic of dianthraquinone deriv- 
atives. When diacetoxydianthraquinone (0:5 g.) in benzene (200 
c,c.) was exposed to light for 5 weeks, it yielded an orange-brown, 
crystalline deposit (0-37 g.). This, on recrystallisation from nitro- 
benzene with the aid of animal charcoal, yielded pale yellow needles, 
melting above 350° and soluble in sulphuric acid with a red 
coloration, consisting evidently of diacetoxynaphthadianthrone 
(Found: C, 77-2; H, 3:4. ©,,H,,0, requires C, 77:45 H) 3:39): 


As diacetoxydianthraquinone could not be satisfactorily hydrolysed _ 


with mineral acids, its suspension (1 g.) in boiling alcohol (25 c.c.) 


was treated with 10% caustic soda solution until all had dissolved. 
The solution was diluted with boiling water (25 c.c.) and immedi- 
ately neutralised with hydrochloric acid; * pale yellow leaflets 


* This operation must be carried out rapidly, otherwise discoloration is | 


liable to occur. 
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then commenced to separate. After dilution with hot water 
(25 c.c.) and cooling, the crystals (yield 96% of theoretical) were 
collected and washed with a little acetone, which removed a trace 
of a red impurity (Found: C, 80-8; H, 4:0. C,,H,,0, requires 
C, 80-8; H, 3:8%). 

Dihydroxydianthraquinone crystallises from pyridine and water 
in pale yellow plates which become black at about 280° and scarcely 
have a definite melting point. It is sparingly soluble in the 
usual solvents, but dissolves in alkalis with an orange-yellow 
colour which is fairly permanent in air. With sulphuric acid it 
gives a maroon-coloured liquid quickly passing to brownish-black 
and from this, after keeping, water precipitates a brown-black 
precipitate soluble in alkali with a similar colour. This is reduced 
by sodium hyposulphite to an orange-yellow liquid which quickly 
oxidises in air. The boiling ammoniacal solution is quickly decolor- 
ised by zinc dust, and on acidification deposits crystals, which give 
an acetyl compound, m. p. 158—159°, identical with 3-acetoxy- 
anthranol. A solution of dihydroxyanthraquinone (0-2 g.) in 
absolute alcohol (160 c.c.) rapidly became orange-coloured in sun- 
light and after 6 weeks’ exposure had deposited 0-1675 g. of crystals. 
These, after acetylation and fractional crystallisation of the pro- 
duct, gave 0-1 g. of diacetoxynaphthadianthrone, m. p. above 350°, 
and a little diacetoxyhelianthrone, m. p. 275—279°. 

Dihydroxydianthraquinone is best kept in the dark, as the 
crystals become orange-coloured in a few hours, owing evidently 
to the action of light. Dihydroxydianthraquinone (1 g.) in water 
(25 c.c.) was dissolved by addition of 10° sodium hydroxide solution 
(3 c.c.), and 20°, potassium ferricyanide (9 c.c.) slowly added in 
the cold. After 15 minutes, the mixture was acidified and the red 
precipitate collected (1:03 g.). This, after acetylation and re- 
crystallisation of the product from benzene, gave 0-97 g. of diacet- 
oxyhelianthrone, m. p. 277—279° (Found: C, 76-75; H, 3-6. 
alc., C; 77-1; H,.3:6%). 

Dibenzoyldihydroxydianthraquinone was obtained by heating 
dihydroxydianthraquinone (0:5 g.), benzoic anhydride (5 g.), and 
a trace of pyridine at 210° for 2 hours. Addition of alcohol to 
the partly cooled liquid caused the deposition of crystals, which 
were washed with an alcoholic solution of benzoic anhydride and 
finally with alcohol. The product was dissolved in much boiling 
benzene, the solution filtered and evaporated, when small, yellow 
plates separated, which darkened at 295° and melted at 301—302° 
to a green liquid (Found: C, 80-4; H, 3:8. C,,H.,0O, requires 
C, 80:7; H, 3-8%). 

Dimethoxydianthraqyuinone was prepared by treating the dihydr- 
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oxy-compound (1 g.) in methyl alcohol (30 c.c.) with equivalent 
amounts of methyl sulphate and methyl-alcoholic potash, until 
no colour change occurred on the addition of the latter. After 
dilution with hot water the crystals (0-85 g.) were collected, washed 
with cold alcohol, and dissolved in pyridine; the green solution was 
treated with a little sodium hydroxide, and hot water cautiously 
added. ‘The crystals were collected and the latter operation, which 
has for its object the removal of a trace of incompletely methylated 
substance, was repeated. By recrystallisation from pyridine, the 
dimethoxy-derivative was obtained in small, rectangular, yellow 
plates which became green at about 270° and melted at 297—299°. 
On exposure to light it soon develops an orange colour (Found : 
C,81-4; H,45; CH,, 6-7. C,9H. 90, requires C, 81-1; H, 4:5; CH, 
6-°75%). 7 

When dimethoxydianthraquinone (1 g.) is dissolved in the 
necessary amount of boiling acetone in daylight (1300 c.c. approx.), 
and the solution evaporated to a small bulk, alteration occurs 
even during this short period and the crystalline deposit can be 
separated by fractionation from pyridine into (a) dimethoxy- 
dianthraquinone, m. p. 297—299°, and (6) a very sparingly soluble, 
orange compound (A), which did not melt at 320° dissolves in 
sulphuric acid with a red coloration and is probably dimethoxy- 
naphthadianthrone. Again, a solution of dimethoxydianthra- 
quinone (0:3 g.) in benzene (100 c.c.) on exposure to light became 
orange-coloured in about 30 minutes, and commenced to deposit 
an orange powder. This (0-128 g.), by crystallisation from nitro- 
benzene, was obtained in microscopic needles, which had not 


melted at 340° and were soluble in sulphuric acid with a red color- | 
ation. An &nalysis of the small amount of this compound available — 
was unsatisfactory, but there ean be little doubt that this and 
the compound A referred to above, which closely resembled it, — 


consist of dimethoxynaphthadianthrone. The benzene filtrate on 


evaporation to dryness gave a dark-coloured residue which after | 
solution in hot alcohol yielded yellow crystals; these, after puri- | 


fication, were soluble in sulphuric acid with a violet coloration and 
had the properties of dimethoxyhelianthrone. 


CLOTHWORKERS RESEARCH LABORATORY, 
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CCLV.—A Wandering of the Acetyl ahead during 
Methylation. 


By Onro Kusota and ARTHUR GEORGE PERKIN. 


OxrscH and PERKIN (P., 1914, 30, 213) submitted monoacetyl- 
alizarin (J., 1899, 75, 433) to the action of diazomethane and 
after hydrolysis isolated from the product a small amount of aliz- 
arin Il-methyl ether (1) identical with that obtained from Chay 
root (J., 1893, 64, 1160; 1907, 91, 2068). Reinvestigation has 
now shown that, although the l-methyl ether is always produced 
in this way, the main product is the 2-methyl ether. Careful 
examination of the monoacetylalizarin employed in these experi- 
ments indicated it to be a single substance, and indeed were this 
not the case it would be more likely to consist of a mixture of mono- 
and di-acetylalizarins than of the 1l- and 2-acetyl derivatives.* 
The formation of alizarin 2-methyl ether in these experiments 
shows that whereas a small portion of the 2-acetylalizarin reacts 
normally with diazomethane, the acetyl group must wander from 
the 2- to the 1-position at some stage of the process, and the methyl 
then enters its place to give 2-methoxy-1-acetoxyanthraquinone ; 
the yield of this is about 80°% of the theoretical. 

2 : 3-Diacetylanthragallol again, which can be readily obtained 
by the partial acetylation of anthragallol, on treatment with 
diazomethane gives as the main product a diacetylanthragallol 
monomethyl ether which evidently contains the methoxy-group 
in the 2-position, because the free substance (II), which crystallises 
in yellow needles, is soluble in dilute alkali with a red coloration 
similar to that given by purpuroxanthin. The more soluble frac- 
tion of the reaction product when hydrolysed gave a mixture from 
_ which, by means of the sparing solubility of its ammonium salt, 
the isomeric ether was isolated. This crystallises in orange-red 
needles, dissolves in alkali with a deep blue colour, and dyes 
mordanted calico shades of the alizarin type. It must therefore 
contain adjacent hydroxyls and is clearly anthragallol 1-methyl 
ether (III) (l-methoxyhystazarin), for if it were anthragallol 


OMe ere 


wa DROID Bi No/E ont A oh see 
Me ASSL NCONGDO A E Licensee 


(I.) (IT.) (IIT.) 
* Tt is well known that in the anthraquinone series the 2-hydroxyl group 


is more readily acetylated than the l-hydroxyl group (compare Dimroth, 
Friedemann, and Kammerer, Ber., 1920, 58, 481), 
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3-methyl ether (3-methoxyalizarin) its formation would necessitate 
the respective wandering of the 2- and 3-acetyl groups into the 
1- and 2-positions, or of the 3-acetyl group into the 1-position. 
It is unfortunate that a monoacetylanthragallol has not yet been 
obtained, for the action of diazomethane thereon should yield one 
or other of the anthragallol dimethyl ethers referred to above. 

In a third series of experiments, tetra-acetylquercetin was em- 
ployed, a substance which has been prepared by the action of 
acetic anhydride and sodium acetate on quercetin in the cold. 
This substance was originally thought (loc. cit.) to be the triacetyl 
derivative, but as a result of the present experiments only 3:7: 3':4’- 
tetra-acetylquercetin could be obtained. This acetyl derivative 
required more drastic treatment with diazomethane than was 
necessary in the case of the hydroxyanthraquinones, and in the 
product only one tetra-acetylquercetin monomethyl ether could 
be detected. The almost colourless, sparingly soluble quercetin 
monomethyl ether obtained by hydrolysis closely resembled, but 
is not identical with, the quercetin monomethyl ether, rhamnetin, 
previously studied (J., 1902, 81, 469). By decomposition with 
alcoholic potash, it yielded phloroglucinol monomethyl ether, 
identified as its benzeneazo-compound, and there can be no doubt 
that this new quercetin methyl ether contains the methoxy-group 
in the 5-position adjacent to the carbonyl group (IV). 
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A wandering of the acetyl group does not occur in these 
circumstances. Interesting is the fact that this 5-methy] ether yields 
with alcoholic potassium acetate the salt C,,H,,O-K, for, as quercetin 
gives_a similar compound, it seems clear that the reactive hydroxy], 
the position of which has not yet been determined with certainty, 
cannot be that situated in the 5-position. The wandering of an 
acetyl group has been observed by Wislicenus and Korner (Ber., 
1901, 84, 218) in the case of the o-acetyl derivative of ethyl aceto- 
acetate (compare also Claisen and Haase, Ber., 1900, 33, 3778); and 
numerous instances are known of its migration from hydroxyl to 
the amino-group (Auwers, Annalen, 1901, 332, 159, etc.; Raiford 
and Couture, J. Amer. Chem. Soc., 1922, 44, 1792). Very interest- 
ing, again, is the work of Fischer, Bergmann, and Lipschitz (Ber., 
1918, 51, 45), who showed that 3:4: 5: 3’ : 5’-penta-acetyl(para)- 
digallic acid, when hydrolysed, yields the 3:4:5: 3’: 4’-penta- 
hydroxy-m-digallic acid, a wandering of the galloyl nucleus from 
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the p- to the m-position occurring. Again, 3 : 5-diacetyl-4-benzoy]l- 

.gallic acid on hydrolysis in a similar manner yields not the p- but 
the m-benzoyl derivative, and a similar change has been observed 
in the case of 3-acetyl-4-benzoylprotocatechuic acid. Herzig and 
Tichatschek (Ber., 1908, 39, 268, 1557) have shown that under 
the influence of diazomethane the acetyl group in triacetylpyro- 
gallol is partly replaced by methyl, whereas acetylphloroglucinol 
diethyl ether gives phloroglucinol methyl] diethyl ether * in the same 
circumstances. 

p-Acetoxybenzoic and m-hydroxybenzoic acids are mainly con- 
verted by diazomethane into the corresponding methoxybenzoic 
acids. The results of this investigation, however, differ + from the 
cases just mentioned in that the wandering of the acetyl group 
occurs during methylation itself, and though it was scarcely neces- 
sary to do so, this has been proved by an examination of the reaction 
products of each experiment. It is well known in the case of 
substances such, for instance, as B-resorcylic acid (J., 1895, 67, 
990), luteolin (J., 1900, 77, 1316), and quercetin (J., 1913, 103, 
1632), all of which contain meta-hydroxyl, that on methylation 
with methyl iodide the methyl group in part, rather than substi- 
tute the hydrogen of the hydroxyl next to the carbonyl group, 
actually enters the ring. In the cases of 2-acetylalizarin and of 
2: 3-diacetylanthragallol, this cannot occur, and with 3:7: 5’: 4’- 
tetra-acetylquercetin this would appear to be prevented by the 
presence of the 3-acetyl group. 

This curious interchange of methyl and acetyl is without doubt 
connected with the peculiar property of the hydroxyl adjacent to 
the carbonyl group,{ and it has been suggested that this may be 
due to the existence of the ortho-quinonoid arrangement (V) (loc. 


0-7 Hi 
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(V.) nw Cy gan (VI.) 
cit.). Dimroth and Faust (Ber., 1921, 54, 3020) presume that 
there is an unstable valency between the ketonic oxygen and the 


* Experiment has shown that diacetylalizarin is not affected by treat- 
ment with diazomethane. 

+ On the other hand, when 2-acetylalizarin 1-methyl ether is hydrolysed 
With alcoholic ammonia or with hydrochloric acid the resulting free ether, 
which when pure is yellow, is always contaminated with a trace of red 
impurity which may be removed with baryta water. Although a wandering 
of the methyl group with formation of alizarin 2-methyl ether may be 
suspected, this is as yet uncertain. 

t Or, as the result of the work of Fischer (loc. cit.), of that in the para- 
position thereto. 

; 8S * 
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hydrogen of the 1-hydroxyl group, a view also taken by Sidgwick 
and Callow (J., 1924, 125, 527), who suppose that a six-membered 
chelate ring (VI) exists in compounds of this type. 

A grouping of this kind evidently does not exist, or is much 
weakened, when an acyl or an alkyl group is substituted for the 
hydrogen of the 1-hydroxyl group, since such substances possess 
the pale yellow colour characteristic of anthraquinone itself, and 
if this chelate ring is present, the ease or otherwise with which 
this substitution takes place will depend upon the readiness with 
which this linking is broken or weakened. It is very difficult to 
compare the relative facility with which the processes of acetyl- 
ation and methylation occur, but acetylation of the hydroxyl in 
the 1-position in the presence of a catalyst takes place so readily 
that it may be assumed to occur with more facility than the process 
of methylation. Even if this is so, it is difficult to understand 
why the acetyl group, which, similarly to the methyl group, 
favours the 2-position, should wander to the 1-position in the 
circumstances mentioned above, unless indeed 1-acetylalizarin 
2-methyl ether is a more stable substance than 2-acetylalizarin 
1-methyl ether.* Experiments to determine whether a conversion 
of the latter into the former can be effected are in progress, and 
the behaviour of other acyl groups in similar circumstances is also 
being studied. 


EXPERIMENTAL. 


Monoacetylalizarin.—A mixture of commercial alizarin (5 g.), 
potassium acetate (2:5 g.), and acetic anhydride (25 c.c.) is kept 
for 24 hours, and then diluted with alcohol. The product, collected 
after 1 hour and recrystallised repeatedly from alcohol-acetic 
acid, separates in golden-yellow needles, m. p. 204—206° (Found : 
CH,°CO,H, 21:0. © Calc., 21:3%). 

Methylation. Monoacetylalizarin (2 g.) suspended in purified 
ether (50 c.c.) was mixed with diazomethane from nitrosomethy]l- 
urethrane (12 ¢.c.) in ether (200 ¢.c.). After 5 days, the crystals were 
collected (1-8 g.) and the mother-liquor was evaporated to dryness; 
the viscid residue, on digestion with methyl alcohol, deposited a 
further 0-16 g. of acetylalizarin monomethyl ether (Found: 
CH,°CO,H, 20:3. (C,,H,.0;, requires CH,-CO,H, 20-:2%). After 
hydrolysis with hydrochloric acid in the presence of acetic acid, 


the product, which sintered at 170° and melted at 217°, gave, after 
two or three recrystallisations from alcohol, orange-red needles, — 


* That the methyl of alizarin 1-methyl ether is loosely held, is evident 
from the fact that in presence of boiling baryta water, gradual hydra 
occurs, with formation of barium alizarate. 
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m. p. 229—230° (Found: C, 70-8; H, 4:05. C,;H,)0, requires 
©, 70-9; Hy: 39%): 

The acetyl derivative, obtained in yellow needles, melted at 
204—206° and there could be no doubt that this, the main product 
of the reaction, is alizarin 2-monomethy] ether. 

The alcoholic filtrate from this substance was. evaporated to 
dryness, the residue dissolved in hot alcohol, and, after the addition 

of a little ammonia, baryta water was added drop by drop so long 
as a precipitate, consisting mainly of barium alizarate 2-methyl 
ether, was formed. ‘This was removed, and on acidifying the bright 
red filtrate fine, hair-like needles (0:18 g.) separated.* This sub- 
stance, which became opaque at 100° with loss of water of crystallis- 
ation, a characteristic property of alizarin 1-methyl ether, was 
purified by conversion into the ammonium salt (loc. cit.) and re- 
crystallisation from benzene, from which it separated in pale 
yellow needles, m. p. 179—181° (Found: C, 70-9; H, 4:0. Calc., 
5770-9 nd 63-9%). 

Since the acetyl derivative melted at 210—212°, there can be 
no doubt that this substance was identical with the alizarin 1-methyl 
ether of Chay root. By fractionally crystallising the diazomethane 
reaction product of 2-acetylalizarin (2 g.) from a mixture of alcohol 
and acetic acid, 2-acetylalizarin 1-methyl ether could be isolated 
in the pure condition (0-3 g. approx.). 

Diacetylanthragallol— A mixture of anthragallol (5 g.), acetic 
acid (15 ¢c.c.), and acetic anhydride (7 c.c.) was treated in the cold 
with pyridine (2 c.c.) and kept for about 18 hours. The yellow, 
crystalline precipitate (5-79 g.) (filtrate A) gave on recrystallisation 
from acetone 4:3 g. of long, thin plates, m. p. 223—224° (Found : 
C,,H,0,;, 74:4. C,,H,,.0, requires C,,H,O;, 75-3%). 

The filtrate A contained some triacetylanthragallol, which was 
isolated in a slightly impure condition, m. p. 175—180° (Found : 
C,,H,O;, 66:9. Cy)H,,0, requires C,,H,O,;, 67-02%). 

Methylation. Diacetylanthragallol (2 g.), in ether (50 c.c.) cooled 
by ice, was treated with diazomethane from nitrosomethylurethrane 
(8 c.c.) in ether (250 c.c.), and the mixture kept for 2 days. ‘The 
crystalline suspension (1 g.), after being washed with ether, melted at 
145—152°. The filtrate, washed with a little 1% sodium hydroxide 
solution and partially evaporated, gave 0-75 g. of crystals (filtrate A). 
By recrystallisation from acetone, large, yellow, prismatic needles 
were obtained, m. p. 152—154° (Found: C, 64:55; H, 4:15; CHg, 
4:3. C,.H,,0, requires C, 64-4; H, 3:95; CH, 423%). 

Hydrolysis with hydrochloric acid in acetic acid solution gave 


* In a second experiment 4 g. of monoacetylalizarin gave 0:32 g. of 
alizarin 1-methy] ether. . 
tS7* 2 
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78:59, of a yellow, crystalline precipitate which separated from 
much benzene as a spongy mass of microscopic needles, m. p. 
218—220° (Found: C, 66-9; H, 3:7; CH, 555%). 

This substance dissolves in dilute alkali with a scarlet colour 
and is evidently anthragallol 2-monomethyl ether, since the alkali 
solutions of anthragallol 1- and 3-methyl ethers have a blue or 
bluish-violet tint. The filtrate A was evaporated to dryness and 
the residue dissolved in hot alcohol mixed with a few drops of 
ammonia. On keeping, violet-black crystals of an ammonium salt 
separated which, on drying at 100°, evolved ammonia, yielding 
an orange-red mass. By recrystallisation from alcohol, this 
gave red needles (0-3 g.), m. p. 239—241° (Found: C, 666; 
H,. 3-9;/\CH,;\ 5-6. C;,H,,0, : requires :C, 66-7; Hi) 13:7; CH; 
555%). 

It dissolves in dilute alkalis with a deep blue colour and dyes 
mordanted wool the following alizarin-like shades: chromium, 
violet-maroon; aluminium, pale maroon; wn, orange-red; iron, 
dead black. The diacetyl derivative, obtained as fine, flat, yellow 
needles, melted at 203—205° (Found: C, 64:5; H, 4:2. CO, ,H,,;0, 
requires C, 64-4; H, 3-95%). 

For reasons given in the introduction, this compound is evidently 
anthragallol 1-methyl ether. 

Tetra-acetylquercetin.—A mixture of monopotassium quercetin 
(10 g.) and acetic anhydride (100 g.) was kept for 2 hours. The 
semi-solid mass was mixed with alcohol; the crystals were then col- 
lected and recrystallised from alcohol—acetic acid until the melting 
point of the colourless, silky needles was constant at 188—190° 
(Found : C,;H,.0,, 64:4. C,3H,,0,, requires C,,H,)0,, 64:25%). 

Methylation. ‘Tetra-acetylquercetin suspended in ether was very 
little attacked by diazomethane and after keeping for 2 days con- 
tained only 1-089, of methyl. Better results were obtained by 
treating the substance (2 g.), dissolved in tetrachloroethane (10 c.c.), 
with the diazomethane from nitrosomethylurethane (8 c.c.) in 
ether (125 c.c.). After 4 days, the crystalline deposit (1-7 g.) was 
collected, and from the filtrate, by removal of the ether by evapor- 
ation and the tetrachloroethane by distilling with steam, a colour- 
less, viscid product was isolated from which, by solution in hot 
alcohol and keeping, a second crop of crystals was obtained. The 
product was hydrolysed with hydrochloric acid in the usual manner 
and the precipitate, which consisted largely of an oxonium salt, 
was repeatedly washed with water to decompose the latter. ‘The 
product was then dissolved in much alcohol, the solution con- 
centrated until crystallisation commenced, and the operation 
repeated. The quercetin monomethyl ether separated in prismatic 
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needles, m. p. 305—308° (Found: ©, 60-65; H, 4:2; CH,, 4:2. 
C,,H,,0, requires C, 60:75; H, 3:8; CHg, 4-6%). 

This methyl ether closely resembles rhamnetin (loc. cit.) as regards 
its sparing solubility in solvents, but, on the other hand, it is almost 
colourless, whereas rhamnetin is yellow. Dilute alkalis dissolve 
it with an orange coloration and on hydrolysing its acetyl deriv- 
ative with mineral acids, orange-red oxonium salts can be obtained 

_ which crystallise in needles. 

The tetra-acetyl derivative crystallises from acetone in minute, 
colourless needles which sinter at 199° and melt at 202—204° 
(Found: C, 59-5; H, 4:2. C,,H,.0,, requires C, 59-5; H, 4-1%). 

Only by very slow deposition from a mixture of acetic anhydride 
and alcohol can the acetyl derivative be obtained in fair-sized, 
prismatic needles, whereas acetylrhamnetin crystallises readily in 
long needles, m. p. 191—193°. When the acetyl compound was 
digested with boiling alcoholic potassium acetate, lemon-yellow 
needles of the monopotassium salt were gradually deposited, and 
these were washed with alcohol (Found: K, 11-1. C,,H,,0,K 
requires K, 11-0%).. 

This potassium salt dissolves in boiling water to form a pale 
yellow solution, from which on rapid cooling it separates unchanged. 
On longer digestion, however, some hydrolysis occurs with deposition 

_ of the quercetin methy] ether, though it is more resistant to hydrolysis 
than monopotassium quercetin itself. 

The hydrolysis of the quercetin monomethyl ether was effected 
by heating with methyl-alcoholic potash at 180° for 3 hours. The 
product freed from alcohol was dissolved in water, and the solution 
acidified, filtered, and extracted with ether; the syrupy residue 

obtained by evaporation was then dissolved in sodium bicarbonate 
solution, and again extracted with ether. The viscid product thus 
isolated gave with diazobenzene in presence of sodium carbonate 
a dull red precipitate, which was dried, extracted with boiling 
alcohol to remove resin, and then crystallised from alcohol-acetic 
acid. The glistening, orange-red crystals, m. p. 253—255°,* 
evidently consisted of benzeneazophloroglucinol monomethyl ether. 
In a second experiment air was aspirated through a dilute alkaline 
solution of the quercetin methyl ether and, from the brown liquid, 
phloroglucinol monomethyl ether could again be isolated in the 
form of its benzene azo-compound. 

For reasons given in the introduction, this quercetin monomethy] 
ether must contain the methoxy-group in the position 5, adjacent 
to the carbonyl group (IV). The methylation of this hydroxy] 


* The m. p. 250—252° previously given for this compound (loc, cit.) is 
slightly too low. 
* 
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group has no influence on the tinctorial property of quercetin, as 
dyeing experiments employing mordanted woollen cloth show : 
chromium, red-brown; aluminium, orange-yellow; tin, bright 
orange; iron, olive-black. 

These shades were identical with those given by a sample of 
quercetin dyed at the same time (J., 1902, 81, 473) and as quercetin 
and rhamnetin dye alike (Perkin and Allison) there can be no 
doubt that the phloroglucinol hydroxyl groups of quercetin do not 
affect its tinctorial property. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
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CCLVI.—Hydrogen and Oxygen Electrode Titrations of 
Some Dibasic Acids and of Dextrose. 


By Husert THomas STANLEY BRITTON. 


Apart from the recent work of Auerbach and Smolezyk (Z. physvkal. 
—Chem., 1924, 110, 83), the study of the ionisation of dibasic acids 
has been confined to solutions containing (a) the free acids and (0) 
the acid salts only, instead of to solutions which are typical of the 
whole courses of neutralisation. Hildebrand (J. Amer. Chem. 
Soc., 1913, 35, 847) obtained several titration curves with the 
hydrogen electrode, but as he used fairly concentrated solutions and — 
appears to have aimed at an accuracy in his #.//.F. measurements 
of about a centivolt, his curves are useless for the purpose of calcu- 
lating dissociation constants. 

Auerbach and Smolczyk used the quinhydrone electrode in their 
titrations and derived formulz by which the dissociation constants 
could be calculated from their data. Although their equations are 
based on the assumption that the salts formed in dilute solutions 
may be taken as being completely dissociated, they used N/10-acid 
and N/8-alkali solutions. The amounts of alkali used in their titra. 
tions were very small, being as a rule only 8 c.c. It is remarkable 
that such fundamental titrations should have been carried out 
with an electrode other than the hydrogen electrode. Some time 
before the appearance of Auerbach and Smolezyk’s paper, the author 
had used the hydrogen electrode to titrate solutions of acids which 
were more dilute and required much larger volumes of alkali. ‘Those 
titrations had been made for the purpose of comparing them with 
those given by oxygen electrodes; as the accuracy of the voltages 
obtained with the hydrogen electrode was of the order of a milli- 
volt, it was considered that the curves would furnish an excellent 
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method of testing the applicability of the formulz of Auerbach and 
Smolezyk. 

The titration of dextrose has been included in this communi- 
cation as it is of importance in connexion with some work to be 
published later. 


EXPERIMENTAL. 
Part I. The Hydrogen Electrode. 


The problem of preparing hydrogen electrodes which are imme- 
diately sensitive to changes in hydrogen-ion concentration has 
been one of some difficulty, and this appears to have been the 
experience of previous experimenters. Thus Béttger (Z. phystkal. 
Chem., 1897, 24, 251), who first used the hydrogen electrode for 
titration work, failed to obtain good results with platinised platinum 
and resorted to gold electrodes coated with palladium black. 
Andrews (J. Biol. Chem., 1924, 50, 479) has, however, found 
palladium black on platinum to be less trustworthy than platinum 
black. Treadwell and Weiss (Helv. Chim. Acta, 1920, 2, 433) 
stated that the ordinary platinum electrode required too much time 
to come to equilibrium to be of use in titrations, and they also 
preferred palladinised gold. 

For ordinary purposes, there is no doubt that the hydrogen 
electrode when made of platinised platinum does attain, if given 
sufficient time, true equilibrium, independent of the depth of the 
platinum black layer. Platinum foil electrodes having a thick 
coating of platinum black require, in general, an appreciable time 
before the true #.M.F.’s are attained, and are therefore unservice- 
able for titrations. The efficient electrodes which have been 


prepared have invariably been made of highly polished platinum 


ae 


foil covered with thin deposits of platinum black such as may be 
deposited from the usual platinising solution in 5 minutes, the 
current being reversed every half-minute and a vigorous evolution 
of gas maintained. Half a dozen electrodes were prepared at a 
time from which were chosen two electrodes which gave the same 
E.M.F. within a millivolt throughout the entire titration. These 
two electrodes were used together and the results were taken as 
accurate if they showed the same H.M.F. immediately the current 
of hydrogen was stopped. Other efficient electrodes were always 
kept in readiness in case one suddenly became erratic or sluggish, 
which was especially apt to occur when the electrode was being 
subjected to a rapid change in hydrion concentration. 

The electrodes were of the Hildebrand pattern (loc. cit.) and the 
titrations were performed in the way described previously (J., 1924, 
125, 1576). The results obtained are given in the first two 
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columns of Tables I—V, the P.D.’s being recorded to the nearest 
millivolt. 


TABLE I. 
Titration of 100 c.c. of 0-0255M-Oxalic Acid with 0:100N-NaOH 
at 18°. 
E.M.F. Conc. of [H,C,0,] 
against free (undis- 

C.c. of N-calomel. H,C,0, sociated) [HC,O,’] 

NaOH. —Volt. DH: LO! a. Loe x 107. oye 
0 0-378 1-65 2-55 0-89 2:90 2-26 0-19 
2°5 0-382 1:72 2°15 0-90 2-15 2-18 0-19 
5-0 0-385 1-75 1-99 0-88 2-49 2:23 0-17 
7:5 0-389 1-84 1-67 0-87 2-14 2-15 0-15 
10-0 0-393 1-91 1-41 0:88 1-69 2°15 0-16 
12:5 0-397 1-98 1-16 0-92 0:92 2°17 0-25 
15-0 0-403 2-08 0-91 0:91 0-82 2-13 0-22 
17-6 0-409 2°18 0-67 0:98 0-13 2-15 1-32 
20-0 0-418 2-34 0-46 1-00 -- — — 
22-0 0-429 2°53 0-29 1-03 — ~- — 
23°5 0-437 2°67 0-16 1-32 — — 
24:5 0-444 2°79 0-08 2-02 — — — 
25-1 0-446 2°83 0-03 4:68 — = — 

Na,C,0,. NaHC,0O,. K, x 104. 

26:0 0-453 2-95 0-5 25-0 0-23 
27-0 0-457 3°02 1:5 24-0 0-60 
28-0 0-460 3:07 2:5 23-0 0-93 
30:0 0-474 3°31 4-5 21-0 1-05 
32:5 0-484 3°48 7:0 18-5 1-25 
35:0 0-493 3:64 9-5 16-0 1-36 
37:5 0-502 3:80 12-0 13-5 1-43 
40-0 0-511 3:95 14-5 11:0 1:48 
42-5 0-524 4-18 17-0 8-5 1:33 

| 45-0 0-537 4-40 19-5 6-0 1-29 
47-0 0-547 4-58 21:5 4-0 1-43 
49-0 0-568 4-94 23°5 2-0 1-35 
50-0 0-593 5:37 24-5 1:0 1:04 
50-5 0-622 5:88 25:0 0:5 0:67 


51-0 0-745 8-00 
52-0 0-894 10-59 
52:5 0-913 10-91 
55:0 0-942 11-42 
57-0 0-956 11-66 
60-0 0-970 11-91 


The third column of each table gives the py calculated by means 
of the Nernst formula. The figures in the remaining columns of 
the first four tables were obtained on the assumption that the alkali 
(up to the first equivalent) reacted only with the hydrions arising 
from the first stage of ionisation and that thereafter it reacted (to 
the second equivalent) with those from the second dissociation. 
This assumption, of course, is only justifiable when K, is much 
greater than K,, but the figures so obtained do give some idea of 
the process of neutralisation in the cases where the ratio of K, 
to K, is small. The fourth columns relating to the first halves 
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TABLE II. 
Titration of 100 c.c. of 0:0250M-Tartaric Acid with 0-100 N-NaOH 
at 18°. 
E.M.F. Conc. of free 
against tartaric 

C.c. of N-calomel acid [H,T] [HT’] Ky, 
NaOH. —Volt. py 103. a. ie LF, ee EOFS | ee 

i) 0-415 2-29 25-0 | 0-206 19-9 — 1:34 

2°5 0-423 2-43 22-0 0-170 18:3 6-18 1:27 

5.0 0-430 2°55 19-0 0-149 16-2 7-60 1-33 

7°5 0:437 2-67 16:3 0-132 14] 9-29 1-41 
10-0 0-444 2-79 13:6 0-119 12-0 10-7 1-45 
12°5 0-450 2-89 11-1 0-115 9-8 13-4 1-61 
15-0 0-457 3:02 8-70 0-111 77 14-0 1-75 
17-5 0-463 3°12 6-38 0-119 5-6 15-7 2-1] 
20-0 0-470 3:24 4:17 0-138 3:6 17-2 2-76 
21-25 0-473 3:29 3°09 0-164 —— — — 
22-5 0:477 3°36 2°04 0-213 — —_- —- 
23-75 0-480 3°41 1-01 0-382 — — — 
25-0 0:4835 3:°474 nt ae ee — — 

“ Na,T. NabTo-a kK, X.410% 

27-5 0-490 3°59 2-5 22-5 2-87 
30-0 0-496 3°69 5-0 20-0 5-08 
32-5 0-506 3:87 75 17°5 5-85 
35-0 0-514 4:00 10-0 15-0 6-62 
37-5 0-523 4:16 12:5 12-5 6-92 
40:0 0-529 4:26 15-0 10:0 8-19 
42-55 0-540 4-45 17:55 7°45 8-30 
45-0 0-551 4-64 20-0 5-0 9-08 
46-25 0-559 4:78 21-25 3°75 9°35 
47-5 0-571 4-99 22-5 2°5 9-19 
48:5 0-587 _ 627 23-5 1:5 8-43 
49-0 0-604 5:56 24:0 1-0 6-56 
49-25 0-616 5:77 24-25 0°75 5:48 
49-5 0-637 6-14 24:5 0:5 3°59 
49-75 0-664 6:60 24:75 0-25 2°47 


50-0 0-822 9-34 
50-5 0-884 10-42 
51-0 0-901 10-71 
52-5 0-928 11-18 
55-0 0-945 11-48 
57-5 0-956 11-66 
60-0 0-961 11-75 


of the titrations therefore contain the concentration of acid minus 
that which was supposed to be converted into the acid salt. The 
degree of dissociation, «, of the free acid given in the fifth column, 
was obtained by dividing the hydrogen-ion concentration by the 
concentration of the acid. Column 6 gives the concentration of 
undissociated acid. The concentrations of HR’ ions given in the 
next column represent the sum of the concentrations of NaHR 
(taken as completely dissociated into Na’ and HR’) and the HR’ 
ions from the free H,R. In the last column the values of K, 
(=[H")][HR’]/[H,R] are given. 

If the first equivalent of alkali be regarded as producing acid 


1900 BRITTON : HYDROGEN AND OXYGEN ELECTRODE 


TABLE III. 
Titration of 100 c.c. of 0:0240M-Succinic Acid with 0:100N-NaOH 
at 18°. 
E.M.F. Conc. of free 
against succinic 
C.c. of N-calomel. acid [H,Suc.|{EiSuc. taka eae 
NaOH. —Volt. Dy: x 10°. a. x 10% x 10% x 10 
0 0-446 2-83 24-0 0:0623 22-5 — 9-95 
2-5 0-467 3-19 21-0 0-0309 20-3 3°09 9-86 
5-1 0-482 3°45 — 18-0 0:0198 + 17:6 5-21 10°51 
7-5 0-495 3:67 15-4 0:0140 15:1 7-35 10:28 
10-0 0-508 3°90 12-7 — 0-0099 12:6 9-22 9-23 
12:5 0-518 4:07 10-2 0-0083 10-1 11-20 9-36 
15:0 0-524 4:18 7°83 0:0085 7:8 13-1 11:3 
17-5 0-532 4-32 5:53 0:0088 5:5 14:9 13-2 
20-0 0-540 4-45 3:33 0-:0106 3:3 16-7 17-8 
22-0 0-547 4:58 1:64 0:0162 1:6 18-1 29-8 
23-0 0-550 4-63 0-81 0:0290 7°9 18:7 55-9 
24-0 0-556 4-73 en a = id me 
Na,Suc. NaHSuc. K, xX 10°. 
25-0 0-557 4:75 : 1:0 23-0 0-78 
27°5 0-564 4:87 3:5 20:5 2-30 
30-0 0-570 4:97 6-0 18:0 3°54 
32°5 0-579 5:13 8°5 15-5 4:06 
35:0 0-588 5-29 11-0 13-0 4:39 
37°5 0-596 5:42 13-5 10-5 4:84 
40-0 0-608 5:63 16:0 8-0 4-67 
42:5 0-621 5-86 18-5 5-5 4:68 
44:0 0:630 6:01 20-0 4-0 4°85 
45:0 0-639 6-17 21-0 3-0 4:74 
46-1 0-654 6:43 22-1 1-9 4:32 
47:0 0-670 6:71 23-0 1:0 4-52 
47-25 0-681 6-90 23-25 0-75 3°92 
47°5 0-694 7-12 23-5 0-5 3:55 
47-75 0:733 7-80 23-75 0-25 1-51 
48:0 0-807 9-08 


48-5 0:857 9-95 
49-0 0:885 10-43 
50-0 0-920 11-04 
52:5 0-943 11-44 
55:1 0-956 11-66 
57-5 0:963 11-79 
60-0 0-969 11-89 


salt only, the addition of further alkali will convert equivalent 
amounts into Na,R. Then K, = [H’][R’’]/[HR’] may be cal- 
culated if the NaHR and Na,R be taken as either completely 
or equally dissociated into Na’ and HR’, and 2Na’ and R” respect- 
ively, in which case K, = [H'|(x — y/2)/(y — x), where a is the 
number of c.c. of NaOH added, and y the number of c.c. required 
for neutralisation. For the second half of the titrations, the fourth 
and fifth columns give the number of c.c of alkali, (y — x) and 
(~ — y/2) respectively, which are proportional to the respective 
concentrations of NaHR and Na,R. The values of K, thus found 
arergiven in the last column. 
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TABLE IV. 
Titration of 100 c.c. of 0-0230M-Malonic Acid with 0:100N-NaOH 
at 18°. 
E.M.F. Conc. of free 
against malonic 

C.c. of N-calomel. acid [H,M] [HM’] Ky 

NaOH. —Volt. Pr: x 10°. a. 103) eee LG? x 108 
0 0-411 228.2 23-0 0-263 16-9 — 2-16 
2-5 0-420 Zar 20-0 0-211 15:8 6:67 1-79 
5:0 0:427 2-50 17:1 0-186 14-0 7°95 1-82 
7:5 0:433 2°60 14:4 0-175 11-9 9-65 2-04 
10:0 0-440 2-72 11:8 0-161 9-91 11-0 212 
12-5 0:448 2°86 9-34. 0-148 7°95 12:5 2-17 
15-0 0-458 3°03 6-96 0-133 6:03 14:0 2°15 
17-5 - 0-470 3:24 4:68 0:123 4-]] 15:5 2-16 
18:5 0:477 3°36 3°80 0-115 3°36 16-0 2-07 
20:0 0-487 3°54 2-50 0-117 2-21 17:0 2-24 
21-0 0-495 3:67 1-66 0-128 1:45 17:6 2-58 
22-0 0-509 3°85 0:82 0-173 0:68 18-2 3°81 
22:5 0-515 4-02 0-41 0-233 0-41 18-5 5-62 
23-0 0-520 4:11 — —— — — — 

Na,M. NaHM. K, x 108. 

23-5 0-525 4:19 0-5 22-5 1:42 
24-0 0-530 4:28 1:0 22-0 2°38 
25-0 0-538 4-42 2-0 21-0 3°63 
27°5 0-560 4:80 4-5 18:5 3°86 
30-1 0-571 4:99 7-1 15:9 4:56 
32-5 0-580 5:15 9-5 13°5 5:02 
35-0 0-589 5:30 12-0 11-0 5:43 
37:5 0-538 5:46 14:5 8:5 5:93 
40-0 0-616 5:77 17-0 6:0 4-80 
42-0 0-630 6-01 19-0 4:0 4-61 
43:0 0-638 6-15 20-0 3:0 4:70 
44:0 0-649 6°34 21-0 2-0 4-76 
45:0 0-673 6°76 22: 1:0 3°83 
45-25 0-684 6-95 22-25 0-75 3°34 
45:5 0-700 7-23 22:5 0:5 2:67 
45-75 0-749 8:08 22°75 0:25 0:76 


46-0 0-821 9-32 
46-25 0-849 9-81 
46-5 0-869 10-16 
47-0 0-895 10-60 
48-5 0-925 11-13 
50-0 0-940 11-39 
52-5 0-953 11-61 
55:0 0-961 11-75 
57°5 0-966 11-84 
60-0 0-971 11-92 


The titration curves together with that of dextrose are given in 
Fig. 1. The curve of the latter shows that dextrose had the effect 
of depressing the alkalinity of the added sodium hydroxide. The 
monobasic acid nature of dextrose, C,H,;.0,= =H’ + C,H,,0,’; 
is revealed in the formation of salts with the alkali metals. The 
dissociation constant, K = [H"][C,H,,0,']/[C,H,.0,], has been 
calculated from the various observations made during the titration. 
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TABLE V. 
Titration of 140 ¢c.c. of 0:3572M-Dextrose with 0-100N-NaOH 
at 18°. 
Total conc. 
E.M.F. Cone. of NaOH Conc. Conc. K= ; 
C.c. against of and of of [H:][Gluec’] 
~ of N-calomel. NaOH NaGluc. NaGluc. undiss. [HGluc.] 


NaOH. —Volt. Dy. 10%. x 10%. x 10°. glucose. x 10%. 


0 0-645 6-27 — — — 0-3572 8:07* 

0-5 0-808 9-10 0-009 0:356 0-347 0:3557 7:75* 
1:0 0-833 9-53 0-025 0-709 0-684 0-3539 5:70 
3:0 0-860 10-00 0-07 2-10 2:03 00-3477 5:84 
5:0 0-870 10-35 0-16 3°45 3:29 0-3416 4:30 
10-0 0-887 10-47 0-21 6-67 6-46 0-3300 6-63 
20:0 0-909 10-85 0-51 12-5 12-0 0-3005 * 5-65 
30-0 0-920 11-04 0-79 17-6 16:8 0:2773 5:53 
40-0 0-927 11-16 1-05 22-2 21-1 0-2567 5-69 
50-0 0-933 11-27 1-35 26:3 24-9 0-2383 5-61 
60-0 0-938 11-35 1-62 30-0 28-4 0:2216 5:72 
70-0 0-941 11-40 1-82 33°3 31-5 0-2066 6-07 
80-0 0-946 11-49 2-24 36-4 34-2 0-1931 5:73 
90-0 0-948 11-53 2°46 39-1 36:6 0-1808 5:97 
100-0 0-950 11-55 2:57 41-7 39-1 0-1693 6-51 


Mean 5:77 x 10°¥ 
* Omitted in calculating mean. . 


As the solution remained appreciably alkaline throughout the titra- 
tion, it was evident that some of the sodium hydroxide had remained 
uncombined, the concentrations of which were found from the 
hydrion data, and were equal to K,,/[H’], K,, at 18° being 101414, if 
the dissociation of the alkali be assumed complete. 

These concentrations are given in the fourth column, and as the 
combined concentrations of the sodium hydroxide and the sodium 
salt of dextrose were equal to the sodium concentrations produced 
by the added alkali, given in the fifth column, the actual concen- 
trations of sodium glucoside were known (column 6). Then, as 
the concentrations of sodium glucoside were very small, it followed 
that these concentrations were very nearly those of the glucoside 
ion. ‘Thus by knowing the concentrations of undissociated glucose, 
which in the circumstances were equal to those of unattacked glucose, 
the affinity constant was found. It will be seen that, except in 
the first two values, which can only be regarded as approximate 
in view of the rapid change in hydrion concentration which was 
then taking place, the values are in fairly good agreement, the 
average being 5:77 x 108. The acid nature of glucose has been 
previously studied by Cohen (Proc. K. Akad. Wetensch. Amsterdam, 
- 1900, 2, 628) and by Madsen (Z. physikal. Chem., 1901, 36, 290), 
both of whom measured the rate of saponification of ethyl acetate 
by alkaline solutions of dextrose. From the data obtained by the 
former worker, Osaka (Z. physikal. Chem., 1900, 35, 673) showed that, 
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if dextrose be regarded as a monobasic acid, K = 5-9 x 10738, 
and Euler (Ber., 1906, 39, 344), using the latter’s observations, 
obtained a value K = 3-6 x 10° at 18°. Later, Michaelis and 
Rona (Biochem. Z., 1918, 49, 248), measuring the pq values of 
some alkali-dextrose solutions with the hydrogen electrode, found 
K = 66 x 10°, 
FrG. 1, 
1-0 


0:8 FF 


3 
= 


2 
& 
Hydrogen-ion conceniration. 


E.M.F. of hydrogen electrode against N-calomel. 
S 
ch 


= 
me 


C.c. N/10-NaOH. 


Calculation of the Dissociation Constants of Dibasic Acids from 
; Titration Curves. 


The following equations are based on the mass law and apply to 
solutions which are so dilute that the sodium salts may be taken 
as completely dissociated. The equations, however, differ from 
those of Auerbach and Smolezyk (loc. cit.) in that no approximations 
have been introduced. 

Let c = the total concentration of acid, a = total concentration 
of added alkali, and h = hydrogen-ion concentration. A dibasic 
acid, H,R, dissociates thus : 

(i) H.R=—H’+ HR’ (ii) HR’=-H' + R’, 
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such that K, = A{HR’]/[H,R] and K, = A[R’]/[HR’]. Then 
[H,R] + [HR’] + [R”’]=c and [HR’]+ 2[R”"]=a—h. By 
eliminating the unknowns from these four equations, it is found 
that 
K, = h(a + h)/{K,(2c — a — h) — (ah + h? — he)} ........ (1) 
Ky = {h(a + h) + K,(ah + h? — he)}/K,(2c —a—h)...... (2) 
Putting Anbint ln? — Nnln = Ag,  2Cn — On — hy = Ba, and 
h,? (Qn + hn) = Dp, 
then 

K, = D,/(K,Bn — An) and K, = (Dy, + KyAn)/ KPa. 
Hence, by taking any two points on the titration curve whose 
parameters are respectively A,, B,, D,, and A,, B,, D,, the values 
of K, and K, can be found. 
Thus 

K, = (B,D, — B,D;)/(A;B, — A,B)... 1 ees (3) 

Ke = (4,D, 3 AD IUE,D,— BoD) er . (4) 
Many of the values of K, for dibasic acids have hitherto been 
obtained from determinations of the hydrogen-ion concentrations 
of solutions of the acid salts and calculated by means of a formula, 
worked out by Noyes (Z. physikal. Chem., 1893, 141, 495), identical 
with (2), for when a =, as is the case with an acid salt, NaHR, 
the equation becomes 

Ky = W(e + K, + bh) Kile h) «| .) (5) 

A disadvantage of using the acid salt only is that the dissociation 
of the acid to the second stage in such a solution is often very small 
and consequently necessitates an accuracy in the measurements of 
the hydrion concentration which is rarely obtained. Another draw- 
back is that the formula involves K,. 

Auerbach and Smolezyk used the supposed identity K,K, = h*,,, 
as a criterion of the accuracy of the values of K, and K, calculated 
from their formule. It seems hardly necessary to state that the 
hydrogen-ion concentrations of dilute solutions of acid salts, or of 
solutions undergoing titration when half the total amount of alkali 
has been added, are functions of the concentrations of the salts. 
The measurements of Drucker (Z. physikal. Chem., 1921, 96, 419) 
show that at 20° the px of solutions of potassium hydrogen tartrate 
varies from 3-47 in 0-025M-solution to 3-55 in 0-01M-solution and 
to 3-93 in 0-001M-solution. Such variations render the above 
relationship useless, especially when applied to Auerbach and 
Smolezyk’s titrations in which the concentration of acid salt was 
0-036 M-NaHC,H,0, at the mid-point of the tartaric acid titration. 
It follows also from equation (5) that K,K, can be equal to h? only 
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when the expression (c + K, + h)/(¢c — h) is equal to unity, i. e., 
when K, =-2h. This condition can never be obtained, and, as 
the data given in this paper show, the expression rarely even 
approximates to 1, except where K, is negligibly small compared 
with c, as in the case of succinic acid.* 


TABLE VI, 
Calculation of the Dissociation Constants of Oxalic Acid. 
iN K, xX 104. Kix: Ky x 104. 
2 SS OS SE Ee era, Wie rotg.s oe tla, Sy ern ES | 
NaOH. Form. Table Form. Table NaOH. Form. Table Form. Table 
i a 4, I. 3. SG. 4, 

5:0\ . ; OV 
45-0f 0-20 0-17 31 1-29 30-0 f 0-17 O-19 1:26 1-05 
10-0 0 
40-0} 0-14 0-16 152 1-48 10-0} 0-17 0-19 1:52 1-48 
15-0 0 Wea F 
apo} 0-15 0-22 1-45 1-36 150} 0:18 0-19 1-31 1-29 
ae Free” 88 T05 Mean 0:17 0-18 1-34 1-38 

LE pay 
o5-5f O17 019 105 — 
TasBLeE VII. 
Dissociation Constants of Tartaric Acid. 
Bex 1", Bo 
C.c. of ——————__., —— 
NaOH. Form. 3. A.&S. Table Il. Form. 4. A.&S. Table II. 

5 \ ‘ é c : ; 
45 1-22 0:66 1-33 9-56 9-77 9-08 
a 1-24 1-23 1:46 9-30 7-25 8-19 
+4 1-30 1-10 1-75 8-56 9-03 6-62 
an 1-22 1-08 2:76 10-61 10-84 5-08 
0 
25. 1-28 — 1:34 9-68 — — 
a 1-2] 0-63 1:33 10-65 14:87 5-08 
0) (1-34 ay uh 
15f 1-29 — U 1-75 9-16 
20 
#4 1-29 ad = 9-64 oe ie 
0 1:33 
y 1:35 no a7 [1-24] a4 = 
40 (8-19 
Mean = _—i4gWse27 0-94 ees 9-65 10°35 — 


* The author’s attention has been directed to the following. If the 
Supposed identity, K,K, = h*, be substituted in Noyes’s equation, it 
follows that K, must be equal to 4K,. As a rule, K, is greater than 4K,, 
but it will be observed from the following tables that in the cases of succinic 
and tartaric acids, where the ratio K,: K, is not considerable, the product 
K,K, is only a little greater than h?. 
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TasBLE VIII. 
Dissociation Constants of Succinic Acid. 
| K, X 10°. K, x 10, 
C.c. of eee 
NaOH. Form. 3. °*A.&S8S. Table Ill. Form. 4. A; & 8. Tableiie 
ie 10-20 9-31 10-51 ° 5:40 482 = 4-74 
ve 8-33 8-14 9-23 5-00 5-00 4-67 
ae 8-70 8-61 11-29 5-23 5-23 4-39 
aah 8-20 10-10 17-84 5-85 5-84 3-54 
aot 9-90 a 9-95 3-50 “4 dy 
iS 9-91 1 11.39 Lateel S. 7 
oot [7-65] _ ei 5-32 Lig 4-39 
Mean 9-21 9-04 bs 5-30 5-22 Yan 
TABLE IX. 
Dissociation Constants of Malonic Acid. 
K, X 10°. IR SAAS 
C.c. of a4 — >_<. 
NaOH. Form. 3. A.&S. Table IV. Form. 4. A.&S8S. Table IV. 
Be Ate Um 2-16 3-83 ee 3-83 
jot) ial 0:89 1-82 4-82 4-80 4-80 
ae 2:10 1:45 2-12 5-46 5-49 5-43 
Bey he te16 1-70 BB) yi a67 4-67 4-56 
roa a Loe 1-81 2-24 4-51 4-70 3-63 
a 2-16 we 2-16 3-19 hes at 
Mean 2-02 1:46 2-11 4-41 4-92 4-45 


Table VI gives the values of the dissociation constants of oxalic 
acid calculated from the data of pairs of typical points on the 
titration curve from equations (3) and (4). The values recorded 
in Table I for the appropriate stages of the titration are also given 
for comparison. Auerbach and Smolczyk did not use their formula 
for oxalic acid, as they considered it to be too strong an acid. In 
Tables VII, VIIT, and IX, the values of K, and K, are given for 
tartaric, succinic, and malonic acids respectively, as calculated 
from formule (3) and (4), also from those of Auerbach and Smolezyk, 
together with the comparable values already given in Tables II 
to IV. r 
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Discussion. 


It will be seen from Tables I and VI that the first stage of dis- 
sociation of oxalic acid is that of a strong acid and consequently 
does not rigidly obey the mass law. Chandler (J. Amer. Chem. 
Soc., 1908, 30, 705), however, found by the conductivity method 
that K, at 25° was equal to 3-8 x 10°, and Drucker (Z. physikal. 
Chem., 1920, 96, 381) obtained a mean value 5-7 x 102 at 18°, 
the actual values varying from 5-2 to 8-3 x 10°. The values of 
K, given in Table IV are much higher than these and, as Table I 
shows, correspond to a degree of dissociation of 0-89. For the 
value of K, to have been that obtained by Drucker, the P.D. for 
the free acid should have been 4 millivolts greater. The H.M.F. 
here recorded has, however, been obtained repeatedly. The values 
of K, given in Tables I and VI are fairly concordant over the first 
part of the titration, but, as Table I shows, « began to increase 
after 10 c.c of alkali had been added, due to the appearance of 
hydrions from the second stage of ionisation. The values of K,, 
0-15 and 0-16, calculated by means of equation (3) from the respective 
pairs of points, 15, 35 and 20, 30, show that a part only of the change 
in hydrion concentration thereafter was due to dissociation in the 
first stage. 

The values of K, for oxalic acid calculated by the two methods at 
the different stages of the titration are in good agreement, although 
the value 1-05 x 10% obtained at 30 c.c. (Table I) is somewhat low. 
The value of K, obtained from the points 0 and 25-5 is also low, and 
it is at this point that equation (4) becomes, in effect, the well-known 
Noyes equation. The values of K, found in the later stages of the 
titration show a tendency to increase, which is no doubt largely due 
to the neglected ionisation of the acid and normal salts formed. 
The first four low values of K, given in Table I for the first part of 
the second half of the titration appear to be due to the fact that all 
the ions arising from the first stage of dissociation had not been 
neutralised. The last two values of K, in Table I are merely 
approximate, for, as the curve shows, they refer to a stage in the 
titration during which an exceedingly rapid change in hydrogen-ion 
concentration was taking place. From the values of the constants 
K, and K, given in Tables I and VI it will be seen that at the 
beginning of the titration the first dissociation only came into play, 
in the middle portion, represented in the diagram by the inflexion, 
both stages of dissociation were affected, and in the last third of the 
titration the second stage of dissociation alone functioned. 

The average value of K, for oxalic acid is 0-17 and of K,, 1-34 x 
10%, and therefore K , = 1269 K,. Chandler obtained values of 
K, ranging from 840K, to 1087 K,; and Drucker’s values of K, 
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ranged from 1:5 to 9 x 10%, the average value being 6-9 x 10°, 
and thus K, = 825K,, the actual values ranging from 3800K, to 
650K,. The value now found for K, is thus somewhat higher than 
the value obtained hitherto, but it does account for the changes in 
hydrion concentration which take place during the process of 
neutralisation within narrow limits. The great difference in the 
two dissociation constants explains why they may be calculated in 
the manner adopted in Table I from the data given in the first and 
the last stage of the titration. 

The data given in Table VII for the dissociation constants of 
tartaric acid calculated from formule (3) and (4), and from those 
of Auerbach and Smolezyk, show that more consistent values are 
obtainable from the former equations. Several values have been 
calculated by means of the equations given in this paper for which 
no corresponding values from Auerbach and Smolezyk’s formule 
have been given, their formule having been designed for pairs of 
points, one on each side of the mid-point. The values of K, give 
a mean of 1:27 x 10% when calculated from equation (3) and 
0:94 x 103 by Auerbach and Smolezyk’s formula, and K, = 
9-65 X 10% and 10:35 x 10° by the respective methods. Taking 
K, and K, as 1-27 x 10% and 9-65 x 10° respectively, K, = 13K, 
and thus it becomes clear why the points 0 and 15 could be employed 
to calculate the value of K,, as an appreciable quantity of the 
normal salt must have then been formed. The last two sets of data 
show that the extent to which the change in py between the points 
0 and 5 was governed by K,, and between the points 40 and 45 by 
K,, was so small that satisfactory values of the respective constants 
could not be calculated. 

Auerbach and Smolezyk found from their curve, K, = 8-96 x 10% 
and K, = 7:46 x 10% at 20°, and therefore K, = 12K,. Other 
workers have found for K,, 9:7 X 104 at 25° (Ostwald, Z. physikal. 
Chem., 1889, 3, 369; Walden, cbid., 1891, 8, 483) and 1:17 x 10% 
(Drucker, ibid., 1920, 96, 382), and the values of K, range from 
29 to 69 x 105 (Smith, ibid., 1898, 25, 260; Wegscheider, 
Monatsh., 1902, 23, 635; McCoy, J. Amer. Chem. Soc., 1908, 30, 
694; Datta and Dhar, J., 1915, 107, 824; Paul, Z. Hlektrochem., 
1915, 24, 552; 1917, 23, 70; Z. physikal. Chem., 1924, 110, 417; 
Drucker, loc. cit.; Larsson, Z. anorg. Chem., 1922, 125, 281). The 
values of K, given in Table II are approximately true for the first 
three readings, and the highest values of K, are a little lower than 
the actual value. 

There seems to be little difference between the respective values 
of K, and K, for succinic acid (Table VIII) as calculated by the two 
methods. The values based on the assumptions made in Table H1 
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for the first part of the titration, even in the initial stages, appear 
to be somewhat too high, and those for the main portion of the 
second stage of the titration to be a little too low. The values 
obtained for the middle part of the titration are erratic. Excluding 
the values of K, and K, given in brackets in Table VII, which were 
obtained from pairs of points each lying in the extreme halves of 
the curves, K, = 9:21 x 10° and K, = 5:30 x 10% and therefore 
K, = 17K,; and it happens that the mean values given by Auer- 
bach and Smolezyk’s formule give the same relationship. Auer- 
bach and Smolezyk obtained from their titration data at 20° K, = 
6-86 x 10° and K, = 3:97 x 10°, whereas previous workers have 
found K, = 6:55 x 10° at 25° (Ostwald, Z. physikal. Chem., 1889, 
3, 272; White and Jones, Amer. Chem. J., 1910, 44, 197) and values 
for K, ranging from 2-2 to 4:3 x 10° (Noyes, Z. physikal. Chem., 
1893, 11, 495; Smith, loc. cit.; Datta and Dhar, loc. cit.; Chandler, 
loc. cit.; Larsson, loc. cit.). The data of Chandler show a variation 
in the ratio of K, to K, from 15-5 to 26-6. 

Contrary to the good agreement between the values for K, for 
succinic acid obtained by the two methods of calculation, Table IX, 
referring to malonic acid, shows that whereas concordant values are 
given by equation (3) and Table IV, the values calculated from 
Auerbach and Smolezyk’s formula are low and increase as_ the 
points from which they were calculated approach the mid-point of 
the curve. The values of K,, however, found by each of the three 
methods are in good agreement. Taking K, = 2-02 x 10° and 
K, = 4:41 x 10°, it follows that K, = 476K,, as compared with 
Chandler’s results at 25°, which show a variation of K, from 357K, 
to 493 K, when the latter constant was determined by McCoy’s 
partition method, whereas K, is given as 1:58 x 10%, which was 
also obtained by Ostwald (loc. cit.), and K, as 2-1 x 10°, from 
conductivities, and thus K, = 752K,. Other values are: K,, 
1-61 x 10% at 25° (White and Jones, loc. cit.) and K,, 1-41 x 10° 
at 25° (Datta and Dhar, loc. cit.). 

It was mentioned on p. 1904 that Auerbach and Smolezyk used 
the expression K,K, = h?, where 4 was the hydrogen-ion concen- 
tration at the point of half neutralisation, and this could only be 
true if (c + K, + h)/(c — h) inthe expression K, = h? (c + K, +h)/ 
K,(e—h) was equal to unity. Putting A= (c+ K,+h)/ 
(c — h), then K,K, = Ady. 

Table X gives the values of A as calculated from (a) the data 
obtained at the mid-points of the titrations, the mean values of K, 
obtained from formula (3) being used, (b) the products K,K, divided 
by h?, the constants having been calculated from equations (3) and 
(4), As, and (c) the products K ,K, divided by h?, the constants used 


» 
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being those found by Auerbach and Smolczyk’s formule, A,. The 
numbers given in brackets show the variations in the products and 
the corresponding changes produced in the values of X. 


TABLE X. 
Form. 3 and 4. A. & 8.’s form. 
SMT i mm ERE UN AOR ms 
Acid. h?. AS KK. AB- K,K,. AA 

Oxalic 1:-76x10°* 10-1 2-28x 10% 13-0 — Sear 

(1:83—2-52) (10-4—14:-3) 
Tartaric 1:13x10-7 1:10 1-:23x 10-7 1:09 0:97 x 10-7 0:86 

(1-11—1-29) (0-98—1-14) Wy ‘64—1-17) (0-57—1-04) 
Succinic 3-44 10-28 1-01 4:88 x 10-1 1-42 4-72 x 107° 1:37 


(3-46—5-50) (1-01—1-60) (4 07—5-91) (1-18 —1-72) 
Malonic 6-11x10-° 1:12 8-90x 10-9 1:45 18x 10-9 1:17 
(6-89—11-46) (1-13—1-87) a. 27—8-51) (0:70—1-39) 


It is evident from the table that only in the case of succinic acid 
does X = 1; the expression (c + K, + h)/(c + h) shows that this 
can be so only when K, is exceedingly small and h has become 
correspondingly small, such as happens to be the case with succinic 
acid. For the other acids, both K, and h are sufficiently large 
compared with c to render A appreciably greater than 1, the extreme 
case being that of oxalic acid, for which 4 = 10. The values of 
Ag, Whilst being of the same order as A, show some variations which 
are due largely to the neglect of the ionisation of the salts formed 
during the titrations. The values of A, show similar, although 
somewhat greater variations, and these are caused by errors due 
both to dissociation and to the fact that the Auerbach-Smolezyk 
formule do not yield satisfactory results for K, when it happens 
to be fairly large, e. g., of the order of 10°. 

By an approximate mathematical analysis Auerbach and 
Smolezyk have shown how the character of the titration curves is 
determined by the ratio of their dissociation constants. Thus when 
K, is greater than 16K, the curve will have an inflexion in the 
middle, whereas when K,—16K, the curve will be a straight line, 
and when K, is Jess than 16K, the curve will be similar to that of a 
monobasic acid. The curves of oxalic and malonic acids, the second 
dissociation constants of which are considerably less than 1/16K,, 
viz., 1/1269 and 1/476 respectively, have each large inflexions 
(Fig. 1), whereas in that of succinic acid an exceedingly small 
inflexion is perhaps just discernible, and the curve for tartaric acid 
(A, = 13K,) is straighter. 

It is striking that the first two members—oxalic acid and 
malonic acid—of the saturated dibasic acid series, 

- HO,C-[CH,},°CO,H, 
should exhibit such a great difference in their two dissociation 
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constants, in each case the first constant being several hundred 
times the second, as compared with the next member, succinic acid, 
the first constant of which is only seventeen times the second. The 
dissociation constants found by Chandler (J. Amer. Chem. Soc., 
1908, 30, 713) for the remaining members of the series up to sebacic 
acid, n = 8, reveal the remarkable fact that the values of K, from 
malonic acid upwards are all approximately equal and of the order 
10°, and that there is only a small diminution in K, of the ascending 
acids of the series, but they are all of the order given by succinic 
acid, wz., 105. Hence the titration curves of these acids will be 
similar to that of succinic acid and, in fact, almost coincident with it. 

The views relating to the acidity of dibasic acids held at the 
present time appear to be those which were first enunciated by 
Ostwald (Z. physikal. Chem., 1892, 9, 553) and are based on the 
electrostatic charges carried by the various ions and the influence 
that may be exerted by virtue of the proximity of the carboxyl 
groups. He considered that in the ionisation of a dicarboxylic 
acid the negative charge carried by the anion, arising from the first 
dissociation, exerted a force of repulsion on the negative charge 
carried by the other carboxyl group and that the nearer one carboxyl 
group was to the other the greater would be this repulsive force, 
which would therefore tend to prevent the ionisation proceeding to 
the second stage. 

The examples which Ostwald gave were those of fumaric and 
maleic acids and thus the hypothesis gave excellent support to the 
van ‘t Hoff theory accounting for their structure. The hypothesis 
does not, however, obtain such a marked success when applied to 
the series in question. It does seem to hold when applied to the 
first two acids—oxalic and malonic—but it is difficult to see why the 
interposition of a further methylene group in the case of succinic 
acid should have such a considerable effect in making K, approach 
K, in magnitude. It would have been expected, moreover, that as 
the chain of methylene groups became longer and longer and the 
repulsive force between the negative charges held by the carboxyl 
groups grew less and less, the second stage of dissociation would 
have become greater and greater, gradually becoming equal to the 
very slowly decreasing K,, instead of remaining unchanged. 


Part II. Oxygen Electrode Titrations. 


For the purpose of examining more closely the behaviour of the 
oxygen electrodes during titrations, three of the acid solutions 
titrated with the hydrogen electrode were chosen, for their titrations 
involved changes in hydrogen-ion concentrations which extended 
over the whole acid zone. 100 C.c. each of 0:0230M-malonic acid, 
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0-0250.M-tartaric acid, and 0:0255M-oxalic acid were titrated at 
18° with V/10-sodium hydroxide, the oxygen electrode being used 
in the way outlined in an earlier paper (Britton, J., 1924, 125, 1572). 
Observations were made similar to those in the titrations of chromic 
acid (loc. cit.) regarding the initial E.M.F.’s, which were again 
independent of the nature of the acid, and to some extent inde- 
pendent of the initial hydrogen-ion concentration of the solution. 
As a rule, no two oxygen electrodes ever ‘gave the same H.M.F.’s 


Fic. 2. 


£.M.F. of oxygen electrode against N-caiomel. 


O.c, N/10-NaOH. 


when immersed in the same solution. Typical titration curves are 
given in Fig. 2, the ordinates being the observed P.D.’s between the 
oxygen electrode and the normal calomel electrode, and the absciss 
the amount of alkali added. The three titrations were made on 
successive days with the same electrode, of the Hildebrand type 
but having a platinised platinum wire instead of foil, and were 
carried out in the order malonic, tartaric, and finally oxalic acid. 
As the electrode became more and more aged, the H.M.F. readings 
became less positive. The electrodes also tended to become more 
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and more erratic after having been subjected to rapid changes in 
hydrion concentration. 


Comparison of Oxygen and Hydrogen Electrode Curves. 


In the previous paper it was pointed out that, if the oxygen 
electrode behaved ideally, the algebraic differences between the 
H.M.F£.s given by the oxygen electrode and by the hydrogen 
electrode at comparable stages of a titration should remain constant, 
these differences being the P.D.’s of the oxygen—hydrogen cell in 
the various solutions. These differences have been ascertained 
for each of the three titrations and are plotted in Fig. 3. 


Fia. 3. 
13 
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i. C.c. N/10-NaOH, 


E.M.F. of O,'-\H, cell. 


The #.M.F.’s of the oxygen—hydrogen cell extrapolated from the 
titration curves of the three organic acids show that in the case of 
malonic acid there was a gradual but small diminution until the first 
equivalent had been neutralised, after which the P.D. remained 
constant until the end-point had been reached; it then suddenly 
| increased, but afterwards fell to a value somewhat higher than the 

initial H.M.F. The oxalic and tartaric acid titrations, which were 
performed with electrodes which had become a little aged, produced 
small and gradual increases in P.D. apart from the slight inflexion 
which occurred at the mid-point of the oxalic acid curve due to a 
lag in the H.M.F. of the oxygen electrode, until the neutralisation 
was complete; the H.M.F. of the oxygen—hydrogen cell then sud- 
| denly increased and thereafter remained constant in the case of the 
oxalic acid curve but fell somewhat for the tartaric curve. Thus 
in these three titrations the extrapolated H.M.F.’s of the oxygen— 
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hydrogen cell were greater at the end of the titration than at the 
beginning; the actual values are given in Table XI. 


TABLE XI. 
E.M.F, of oxygen—hydrogen 
cell at 
Acid. Beginning. End. Difference. 
DUALONIG Fy. TU UE Bote loa 1-195 1-228 +0:033 
RE BRP TORE FUR 6 ONG ul Sk ea 0-828 1-034 +0-206 
sia ear sale abl ar pala alae lA 0) 0-830 0-950 + 0-120 
Chromic UNG Ce 1-162 1-027 — 0-135 


The curves in Fig. 3 show that the differences were not propor- 
tionally incorporated in the oxygen electrode voltages, but were 
included mainly in the end-point readings. It was thought that 
these differences were due simply to a lag in the H.M.F.’s of the 
oxygen electrodes caused by the considerable change in hydrion 
concentration, which could be overcome by allowing time before 
taking further readings. When the change was considerable, it 
was sometimes found that time produced some little effect, but in 
general, the extrapolated H.M.F.’s never fell to the initial values. 
This change which takes place as the titrated solution attains 
alkalinity seems to be connected both with the age of the electrodes 
and with the oxidising nature of the acids. The curve showing 
the change which took place in the titration of chromic acid is also 
given in Fig. 3, the actual titration curve being No. 1, Fig. 2, in the 
previous paper. Although there was no change in the P.D. during 
the first half of the neutralisation, there was a somewhat irregular 
falling off during the second stage and when the solution had become 
alkaline it was found that the extrapolated H.M.F. was less than 
the initial value. This occurred in every one of the many titrations 
undertaken. The hydrogen-ion concentration prevailing during 
the second half of the titration lay between 106 and 107 and it 
seems that it was here and later in the alkaline solution that the 
oxidising nature of the chromic acid came into play. No irregulari- 
ties occurred with the non-oxidising acids dealt with in this paper 
and especially with malonic acid, the second part of the neutralisa- 
tion of which was not far removed from the neutral point. 


Calibration of the Oxygen Electrode in Titrations. 


The erratic behaviour of the oxygen electrode whilst being sub- 
jected to rapid changes in hydrion concentration, such as shown in 
Fig. 3 to take place at the end-points of titrations, renders it almost 
impossible to affix a satisfactory hydrogen-ion concentration scale 
to the measured voltages. It is possible, however, to get an 
approximate idea of the changes in pq over the greater range of the 
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itration, for which purpose the following two schemes of calibration 
lave been examined. 

First, knowing the py’s of solutions at two remote stages of a 
itration and the corresponding voltages given by the oxygen elec- 
rode, one assumes that the intermediate pg’s are proportional to 
he observed #.M.F.’s. In Fig. 4, the pq curves of the three organic 
cids obtained with the hydrogen electrode are given as heavy lines 


Fia. 4. 


C.c. N/10-NaOH. 


nd the thin line lying near to each one of them is the curve calcu- 
ited from the oxygen electrode titration voltages. It will be seen 
hat the py’s given by the malonic acid curve are higher by about 
‘5 unit, due to a lag of 0-033 volt being divided proportionally over 
he py range of the titration, whereas the lag of 0-206 volt shown by 
he tartaric acid curve causes the oxygen curve to lie higher on the 
jlagram, in some places nearly a whole pa unit, and yet in the 
ase of oxalic acid, with its lag of 0-120 volt, the oxygen curve is 
Imost coincident with the hydrogen curve, save for a small deviation 
1 the middle section. This is due to the gradual increase in the 
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extrapolated H.M.F. which took place throughout the acid zon 
of the oxalic acid titration. | 

The second method of calibration was based on the fact, illus 
trated by Fig. 3, that the oxygen electrode voltages are mor 
positive than the corresponding hydrogen electrode voltages b; 
approximately a fixed amount, when working over a range of hydrio: 
concentration which does not involve sudden changes, and tha 
the appreciable variations occur only when a very sharp change ii 
hydrion is encountered. Thus in any one of the present titrations 
if the py’s at the beginning and at the end are known, the #.M.?/ 
given by the hydrogen electrode as compared with the norma 
calomel can be calculated, and thus the P.D. of the correspondin; 
oxygen—hydrogen cells can be extrapolated. The difference betwee: 
the initial and the final values may then be assumed to have bee: 
introduced at that stage of the titration where the addition of a fey 
drops of alkali caused a considerable change in the observed #.M.I 
This difference is then added to or subtracted from, as the case ma; 
be, those readings which were taken after the marked change ha 
taken place. To the titration readings which have thus been adjustec 
the hydrogen-ion concentration scale may be found by proportior 
or by what amounts to the same thing, from the formula: Observe 
E.M.F. = Initial extrapolated P.D. of the oxygen—hydrogen ce. 

+- 0-283 ++ 0:0577 log 1/[H’]. ; 

For example, suppose that all that was known of the tartaric act 
titration was the initial pq, 2°29, and the pq when 60 c.c. of alka 
had been added, viz., 11-75. The oxygen electrode compared wit. 
the normal calomel gave -+ 0-413 and + 0-073 volt respectively 
and from the known pq’s it is calculated that the #.M.F. of th 
hydrogen electrode against the normal calomel would have bee 
— 0-415 volt at the beginning and — 0:961 volt at the end. Hence 
the extrapolated P.D. of the oxygen—hydrogen cell increased fror 
+. 0-413 —(—0-415) = 0-828 volt to + 0-073 — (— 0:961) = 1-03 
volt in the course of the titration, a difference of 0-206 volt. ‘Thi 
is a considerable quantity to be divided proportionally over th 
whole titration as was done in the first method of calibration, an 
consequently would produce a very unsatisfactory hydrion scale 
But, as Fig. 3 shows, the greater part of this difference was intrc 
duced at the end-point. Therefore, if the difference 0-206 volt b 
added to each of the voltages observed after the end-point had bee: 
passed and then either a proportional scale be affixed or calculate 
from EH = 0-828 + 0-283 + 0:0577 log 1/[H"], a more satisfactor, 
calibration is obtained, save for that part of the curve correspondin 
to the initial alkaline solutions. The curves obtained by thi 
procedure are given by dotted lines in Fig. 4. The tartaric aci 
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curve is nearly coincident with the one obtained by the hydrogen 
electrode, and the malonic acid curve lies closer to the true curve. 
The oxalic curve, however, is less satisfactory. 

In conclusion, it seems that, provided the substances being 
titrated are not oxidising agents, the second method of calibration 
leads to the more satisfactory results; when oxidising agents are 
involved, as, for example, chromic acid, the first method is probably 
more satisfactory. 

Summary. 


(1) Oxalic, malonic, succinic, and tartaric acids and dextrose 
have been titrated electrometrically at 18°. The four acids produce 
in the course of their neutralisation hydrogen-ion concentrations 
which extend over the whole acid zone, and therefore partly neutral- 
ised solutions may be used for reference purposes in colorimetric 
determinations of py. 

(2) The dissociation constant of dextrose as a monobasic acid 
has been found. 

(3) Formule have been derived for the calculation of the dissoci- 
ation constants of dibasic acids from the hydrogen electrode titration 
curves. 

_ (4) The formulz derived by Auerbach and Smolezyk have been 
shown to give less accurate results. 

(5) Auerbach and Smolezyk’s identity, K,K, = h?, where h is 
the hydrion concentration at the mid-point of the titration curve 
of a dibasic acid, has been shown to be erroneous. 

(6) Attempts have been made to use the oxygen electrode for the 
purpose of indicating hydrion concentrations in titrations. 


The author desires to take this opportunity to thank the Depart- 
ment of Scientific and Industrial Research for a personal grant, 
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this work. 
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CCLVII.—Researches on Residual Affinity and COo- 
ordination. Part XXIV. Heats of Chelation of 
Dithiolated Metallic Halides. 


By Gitpert T. Morcan, SypNEY RaymMonp CaRTER, and 
WILLIAM FINNEMORE HARRISON. 


WHEN present in organic thioethers, bivalent sulphur exhibits 
residual affinity to a remarkable extent so that dialkyl sulphides 
VOL. OXXvI. 3T 


Piet. g ae 


1918 MORGAN, CARTER, AND HARRISON : RESEARCHES ON 


combine additively with many metallic halides, giving rise to 
thiolated co-ordination compounds such as 2Me,8,SnCl, (Werner 
and Pfeiffer, Z. anorg. Chem., 1898, 17, 101), Me,S8,Cdl, (Werner, 
ibid., 1897, 45, 14), [2Me,S,PtCl,] and [Pt,4Me,S]PtCl, (Tschugaev 
and Subbotin, Ber., 1910, 43, 1200). Increased stability is acquired 
by these thiolated metallic halides when the sulphur is present in a 
chelate group as in dimethyldithiolethylene, CH,°S8:CH,°CH,°S'CHg, 
a substance which functions as two associating units giving rise by 
implication of the metallic atom to co-ordination complexes con- 
taining one or more five-membered rings (formule I, II, and IIT). 

In a previous communication (J., 1922, 121, 2882) attention was 
directed to the coincidence that metallic radicals yielding the 
characteristic insoluble sulphides of analytical practice also give rise 
to well-defined co-ordination compounds with thioethers. The 
selective affinity between metal and sulphur is manifested in a 
similar manner whether in sulphide formation or in the production 
of thiolated metallic salts. 

Moreover, in the case of metals of variable valency, both these 
modes of combination between metallic radical and sulphur afford 
an insight into the relative stabilities of the electronic structures of 
the metallic atoms corresponding with these valency changes. 

Copper and gold, which fall into a natural family of univalent 
metals, have the fundamental electronic structures of Cul = 
9,924,29446,1 and Au! = 2,8,18,32,18,1 with single valency 
electrons. But in their cupric and auric salts the two metals 
exhibit alternative electronic structures, Cull = 2,224,22445,2 and 
Aull — 2.8.18,32,16,8 with two and three valency electrons 
respectively as displayed in cupric and auric salts. In their com. 
binations with sulphur, there is a marked tendency to revert to the 
lower state of valency, that is, to change from the alternative to the 
fundamental electronic structure. When cupric halides combine 
with dimethyldithiolethylene or with other thioethers the resulting 
thiolated cupric halides change readily to cuprous derivatives 
Similarly, the thiolated auric compounds are unstable and especial} 
sensitive to moisture, which promotes a spontaneous change & 
thiolated aurous derivatives (ibid., p. 2883). 

In the case of mercury, thiolation promotes an exaltation of val 
ency (ibid., p. 2884) corresponding with a change from the less stabl 
electronic structure of univalent mercury, Hg! = 2,8,18,32,18,1,1 
to the more stable electronic structure of the bivalent metal, Hg™ = 
2,8,18,32,18,2, which is characteristic of its natural position among 
the chemical elements. 

During these earlier investigations it was noticed that the form 
ation of certain dithiolated metallic halides was accompanied by 
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a very appreciable rise of temperature and we have now determined 
the heats of chelation of fifteen of these co-ordination compounds. 

With the same metallic radical it was found that the heat of 
combination of dithiol and metallic halides varied with the nature 
of the halogen, and missing members of the series were prepared in 
order to obtain comparative measurements. 

Dimeihyldithiolethylene cuprous iodide * (1), is a pale yellow sub- 
stance stable in air and only slowly attacked by boiling water. 

The zine series was completed by the production of dimethyldi- 
thiolethylene zinc chloride and iodide (II), the bromide having been 
already described, and dimethyldithiolethylene cadmium chloride and 
bromide (III) were also prepared. 


(Hs CH; CH, 
OH, :S-. CH...S.. OH.:&. 3 
(I.) [2 > > Cals Qh) 152 27x a S-.6qK (TI. 
CH,'§ u dH,-s »ZnX 4 CH, 8" CdX, (IIL) 
oe CH, CH, 


X = a halogen atom. 


The thermal measurements described in this paper show how 
very vague is the former division of chemical substances into atomic 
and molecular compounds. 

Heats of reaction do not represent exactly the free energy of 
change involved in building up a substance from its simpler com- 
ponents, and cannot, therefore, in the casé of these thiolated deriv- 
atives, represent the work actually done by residual affinity, but since 

im many cases the free energy changes are not very different from 
‘total energy changes, a certain degree of approximation may be 
expected. Thus not only the free energy but also the bound energy 
May be assumed to have some relation to chemical structure. 
_ The heat of chelation of cupric chloride by dimethyldithiolethylene 
is + 14:85 Cals., whereas the heat of formation of cupric sulphide is 
+9-93 Cals. On the other hand, the more stable cuprous sulphide 
4 formed with the generation of 18-26 Cals., whereas the dithiolated 
‘euprous iodide has a heat of chelation of --5-9 Cals. 

The influence of the halogen on the heat of chelation of the 
dithiolated metallic halides is demonstrated by a study of the 
‘complete series of mercury compounds; the data for the chloride, 
bromide, and iodide are in the descending order of +13-23, +11-33, 


and -+4-83 Cals. In the case of the most exothermic of these three 


_ * Erratum.—In the copper compounds each copper atom becomes associated 
With one molecular proportion of dithiol. The name of the cupric derivative 
(J., 1922, 121, 2887) should be dimethyldithiolethylene cupric chloride; the 
prefix bis refers to a double molecule as in the preceding dithiolated cuprous 
bromide. 


j 
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changes, the value exceeds appreciably that of the heat of formation 
of mercuric sulphide (10-75 Cals.). The three dithiolated cadmium 
halides give the series: chloride +12-16 Cals., bromide +11-27 
Cals., and iodide +9-96 Cals., these values being all lower than the 
heat of formation of cadmium sulphide (34°36 Cals). It is of interest 
to compare the heats of chelation of this dithiolated series with the 
heats of co-ordination of the cadmium halides with ammonia; the 
latter values are as follow: CdCl,,2NH,, 37-24 Cals.; CdBr,,2NH, 
35-2 Cals.; CdI,,2NH,, 29-6 Cals. (Tassily, Ann. Chim. Phys., 1899, 
17, 38). 

A discrepancy was observed in the case of the dimethyldithiol- 
ethylene zinc halides, where the values were chloride, 13-21 Cals. 
(87°); bromide, 15-35 Cals. (79°); and iodide, 14-23 Cals. (71°), the 
value obtained for the bromide derivative being the highest of the 
three (heat of formation of zine sulphide+41-3 Cals.). 

The zinc halides also combine with methylamine to give co-ordin- 
ation compounds having the general formula ZnX,,5NH,°CH, 
(Ephraim and Linn, Ber., 1913, 46, 3742), and for these the heats 
of co-ordination are chloride, 12:79, bromide, 12:48, and iodide, 
12-17 Cals., a diminishing series resembling the values obtained with 
the dithiolated cadmium and mercuric halides. However, in their 
combinations with ammonia (Isambert, Compt. rend., 1878, 86, 968; 
André, Ann. Chim. Phys., 1884, 3, 66; Tassily, loc. cit.) the zine 
halides give the following heats of co-ordination: ZnCl,,4NHs, 
68-0 Cals.; ZnI,,4NH3, 73-95 Cals.; ZnBr,,5NH;, 82-2 Cals. The 
ammoniated zinc bromide is anomalous both in composition and in 
its heat of co-ordination. 

The maximum heat of chelation was observed in the case of 
dithiolated stannic chloride and the next highest value was noted 
with the corresponding bromide, the values for these two co-ordin- 
ation compounds, CH,°S:C,H,°S:CH,,SnX,, being 28-06 and 19-40 
Cals., respectively. Stannic iodide does not yield a chelated com- 
pound, for in this combination two molecular proportions of the 
iodide combine with one of the dithiol, CH,°S:C,H,-S-CH,,2Sn],. 
Nevertheless even in this case the heat of co-ordination is very con- 
siderable, being 16-58 Cals. ) 

A heat of co-ordination of -- 12-0 Cals. was observed in the com- 
bination of 3 mols. of dimethyldithiolethylene with 2 mols. of 
bismuth iodide to form the bright scarlet complex, 

3CH,°8°C,H,°S°CH,,2Bil,. 

The following table summarises the calorimetric results obtained 
for the heats of chelation or co-ordination, in large calories, of the 
fifteen dithiolated metallic halides; the heats of formation of the 
corresponding metallic sulphides recorded in Landolt-Bérnstem 
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* Physikalisch-Chemische Tabellen,” 1912, based on the work of 
Berthelot (B) and Thomsen (T), are also included. 


Dithiolated. 
eo 
Metal. Chloride. Bromide. Iodide. Sulphide. 
Bapper (iC) ........ +14-85 — — + 9-93 ean B and T) 
Copper (ous) ...... — — +5-88 18-26 (T 
BM a o:0535 ddd as te Gas 13-21 +15-35 14-23 41-28 (Mean B and T) 
Cadmium ............ 12-16 11-27 9-96 34:35 (T) 
BMCULY | se yee ee ces. 13-23 11-33 4-83 10-6 (B) 
pe SIR eee ea 28-06 19-40 16-58 — 
Bismuth ............ — -~ 12-0 — 


EXPERIMENTAL. 
I. Preparation and Purification of Dimethyldithiolethylene. 


Dimethyldithiolethylene, prepared by the action of sodium 
mercaptide on ethylene dibromide (Morgan and Ledbury, J., 1922, 
121, 2882), was purified through the characteristic dithiolated nickel 
thiocyanate, Ni(CNS),,2CH,‘S-C,H,’S:CH, (Tschugaev and Kobl- 
jamski, Ber., 1908, 41, 2222). This gémBennd crystallised from 
85% alcohol in blue needles which were dried and distilled in steam. 
The colourless disulphide which separated from the distillate then 
boiled at 182-5°/750 mm. 


II. Preparation of Dithiolated Metallic Halides. 


Dimethyldithiolethylene Zine Chloride —Dry chlorine was passed 
into a suspension of zinc dust in anhydrous ether and the disulphide 
was added to the filtered ethereal solution; the white dithiolated 
compound then separated in crystalline tae melting at 131— 


182° to a clear liquid. It was very unstable in a moist atmosphere 


and was immediately decomposed by cold water with liberation of 


the disulphide (Found: Zn, 25-1; Cl, 27-3; 8, 24-4. C,H,,CI,8,Zn 


requires Zn, 25-3 ; Cl, 27-45; S, 24- 89, This zinc compound was ould 


slightly soluble in ether jut very soluble in acetone; it dissolved in 
alcohol with decomposition. 


Dimethyldithiolethylene zinc iodide was distinctly less affected by 
"moisture ine the corresponding chloride or bromide (ibid., p. 2888). 
Zinc dust (2 g.) and iodine (6 g.) were combined in dry ether and 
lg. of the at Ha was added t to the filtered solution ; small, white 
crystals then separated, melting at 169—170° to a clear liquid 
(Found : Zn, 14-6; 1, 57-3; 8, 14-4. C,H,,I,S,Zn requires Zn, 14-8; 
1, 57-5; 8, 145%). The compound was very soluble in acetone and 
slightly soluble in ether; it dissolved readily in methyl and ethyl 


alcohols with slight decomposition on boiling, but was only sparingly 


soluble in other solvents. 


Dimethyldithiolethylene Cadmium Chloride—On addition of the 
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disulphide to a solution of anhydrous cadmium chloride in dry 
alcohol, a white, crystalline compound separated, which was very 
soluble in warm alcohol and crystallised from this solvent in colour- 
less needles; it did not melt below 285° (Found: Cd, 36:95; Cl, 
23-2; 8, 20-85. C,H, ,C18,Cd requires Cd, 36-8; Cl, 23-2; 5S, 
21-0%). The thiolated compound was readily soluble in methyl 
alcohol but almost insoluble in acetone; it was slowly decomposed 
by cold water. 

Dimethyldithiolethylene cadmium bromide, prepared in a similar 
manner to the preceding compound, had similar properties but 
did not melt below 285° (Found: Cd, 28:3; Br, 40-7; S, 16-4. 
C,H,,Br,8,Cd requires Cd, 28:5; Br, 40:5; 8S, 16:2%). The 
dithiolated cadmium bromide was readily soluble in acetone, ether, 
or methyl alcohol. 

Dimethyldithiolethylene Cuprous Iodide—A solution of copper 
sulphate in water was saturated with sulphur dioxide and on the 
addition of the organic disulphide and potassium iodide, a pale 
yellow substance was precipitated which was extracted with a strong 
solution of potassium iodide to remove any unchanged cuprous 
iodide. The additive compound was then washed with alcohol and 
dried in a vacuum desiccator. Insoluble in the ordinary organic 
media, it was unchanged by cold water but slowly decomposed on 
boiling, leaving cuprous iodide. It was very stable in air, melting 
and decomposing at 156°, leaving a black residue (Found: Cu, 
20-1; I, 40-3; 8S, 20-8. C,H,.I,8,Cu, requires Cu, 20:3; I, 40-6; 
S, 20-5%). 

Jil. Thermal Measurements. 

Description of Apparatus.—In the following calorimetric measure- 
ments the two reacting liquids were placed in separate vessels and 
their temperatures recorded at intervals of a minute; the one 
reagent was then added to the other, the temperature change being 
observed. A silver calorimeter of half a litre capacity was used in 
those cases where the metal was unattacked by the reagents. In 
the experiments with mercury salts a thin-walled glass calorimeter 
was employed. The stirrer, which consisted of two rings of sheet 
nickel, each perforated with eight holes and connected by nickel 
rods, was raised and lowered about sixty times a minute. The 
second liquid, contained in a tap funnel, was stirred with a small 
glass propeller stirrer. 

The experimental methods based on the former work (Morgan 
and Ledbury, loc. cit.) were frequently modified in order to obtain 
reactions of a speed suitable for thermal measurements. In the case 
of the more stable additive compounds, the thermal data were 
obtained in the formation of the co-ordination compounds. For 
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the less stable dithiolated derivatives it was more convenient to 
prepare the compounds first and subsequently to determine their 
heats of dissociation. 

Dimethyldithiolethylene cupric chloride. This compound is imme- 
diately decomposed by a large excess of water. About 2 g. of the 
substance were decomposed in a calorimeter and the fall in temper- 
ature was measured. The heat of dissociation was —3-77 Cals. 
The heat of solution of cupric chloride in water (1 : 600 water, which 
was the concentration employed) is given as +-11-08 Cals. (Thomsen, 
J. pr. Chem., 1875, 12, 276). The heat of reaction of cupric chloride 
and the disulphide is +-14-85 Cals. 

Dimethyldithiolethylene cuprous iodide. Potassium iodide 
solution was added to a solution of copper sulphate (2-2%) and 
the disulphide and the resulting temperature change compared with 
a blank experiment in which the disulphide was absent. The 
difference, which gives the heat of reaction of cuprous iodide and the 
disulphide, was -+-5-88 Cals. 

Dimethyldithiolethylene zinc chloride. This dithiolated chloride 
was decomposed with water and the heat of dissociation found to be 
+2-44 Cals. The heat of solution of zinc chloride (1 : 300) is given 
by Thomsen as +15-63 Cals. (J. pr. Chem., 1875, 14, 410). This 
gives the heat of reaction of zinc chloride and disulphide as +-13-19 
Cals. 

Dimethyldithiolethylene zinc bromide (loc. cit., p. 2888) was treated 
as in the preceding case. The heat. of dissociation was —0-324 Cal. 
The heat of solution of zinc bromide in water is given by Thomsen 
as +15-03 Cals. (J. pr. Chem., 1877, 46, 328); hence the heat of 
reaction is +15:35 Cals. 

_ Dimethyldithiolethylene zine iodide. The heat of dissociation 
with water was —2-87 Cals., the heat of solution of zinc iodide in 


water (1: 400) is +11-31 Cals. (Thomsen, sbid., 1877) and hence 


the heat of reaction of zine iodide and the disulphide is +1418 


Cals. 


Dimethyldithiolethylene cadmium chloride. The cadmium com- 


pounds were all decomposed with 2% hydrochloric acid. The 
specific heat of such a solution is 0-9650 (Marignac, Ann. Chim. Phys., 


1876, 8,410). The heat of dissociation was —9-15 Cais. The heat 


of solution of cadmium chloride in water (1: 400) is +3-01 Cals. 
(Thomsen, ibid., 1875). Hence the heat of reaction of the dithiol 
with cadmium chloride is +12-16 Cals. 


| 
b 


| 


Dimethyldithiolethylene cadmium bromide. The heat of dissoci- 
ation was —10-83 Cals.; the heat of solution of cadmium bromide in 
water (1 : 400) (Thomsen, ibid., 1877) is +0:44 Cal., and hence the 
heat of reaction is +11-27 Cals. 


P Al 


HM 
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Dimethyldithiolethylene cadmium iodide. 'The heat of dissociation 
was —10-92 Cals. The heat of solution of cadmium iodide in water 
(1: 400) is —0-96 Cal. (Thomsen, ibid., 1877). Accordingly, the 
heat of reaction of cadmium iodide and the disulphide is +9-96 
Cals. 

Dimethyldithiolethylene mercuric chloride. The heat of reaction 
was directly measured by the addition of the disulphide to a 3% 
solution of mercuric chloride in water. The specific heat of such a 
solution is given by Bliimcke as 0-96 (Ber., 1884, 17, 555). The heat 
of reaction was + 13-23 Cals. 

Dimethyldithiolethylene mercuric bromide. A weighedamount ofthe 
disulphide was added to an alcoholic solution of mercuric bromide. 
The heat of solution of mercuric bromide in alcohol was ascertained 
to be negligible. The heat of reaction was thus found to be +11-33 
Cals. ) 

Dimethyldithiolethylene mercuric iodide. Excess of the disulphide 
was added to a solution of mercuric iodide in alcohol. The heat of 
reaction was +6-93 Cals. The heat of solution of mercuric iodide in 
alcohol, which was difficult to determine owing to very sparing 
solubility, was found to be about —2-1 Cals. Thus the heat of 
reaction of mercuric iodide and the disulphide is +4-83 Cals. 

Trisdimethyldithiolethylene dibismuthotri-iodide. Into a solution of 
bismuth oxychloride in dilute hydrochloric acid about 1 g. of the 
disulphide was introduced. Then a solution of about one-third of 
the theoretical quantity of potassium iodide was added, when the 
characteristic red compound was formed. The heat of reaction was 
+35-6 Cals. and correcting for the side reactions this gives a result 
of +12-0 Cals. for the heat of reaction of bismuth iodide and the 
disulphide. 

Dimethyldithiolethylene stannichloride. For the thermal measure- 
ments of the dithiolated tin compounds the copper calorimeter 
employed was tinned internally. A solution of the disulphide in 
carbon tetrachloride was run into a solution of stannic chloride 
in the same solvent, the co-ordination compound being insoluble in 
this medium. ‘The heat of reaction was +26-98 Cals. The heat of 
solution of stannic chloride in the solvent was difficult to determine 
owing to the very hygroscopic nature of the chloride and the result- 
ing rise in temperature. The hydration efiects were minimised by 
leading dry carbon dioxide above the calorimeter liquid and placing 
fused calcium chloride between the ebonite lids; readings were 
taken: every 15 seconds. The heat of solution (1 g. of stannic 
chloride to 300 g. of carbon tetrachloride) was +0-870 Cal. The 
heat of solution of the disulphide in the solvent was +0-232 Cal. 
The specific heat of carbon tetrachloride was taken as 0-2014 
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(Mills and MacRae, J. physical Chem., 1895, 9, 360). Correcting 
for the heats of solution of the reacting substances, a value of 
+ 28-06 Cals. is obtained for the heat of reaction of stannic chloride 
and the disulphide. 

Dimethyldithiolethylene stannibromide. The heat of reaction of 
the bromide and disulphide, both in carbon tetrachloride solution, 
was + 22-32 Cals. The heat of solution of stannic bromide in carbon 
tetrachloride was found to be —3-15 Cals. (1 g. of stannic bromide to 
100 g. of carbon tetrachloride). The heat of solution of disulphide 
in carbon tetrachloride is -+-0-232 Cal. 


C,H 9S, + SnBr, —> C,H,,8,,SnBr, + 19-40 Cals. 


Dimethyldithiolethylene stanni-iodide. By adopting the foregoing 
method the reaction was not complete using the common organic 
solvents. Finally a solution of stannic chloride in carbon tetra- 
chloride was added to a solution of dimethyldithiolethylene stanni- 
iodide in carbon tetrachloride; dimethyldithiolethylene stanni- 
chloride and free stannic iodide were then produced. Nearly twice 
the theoretical quantity of stannic chloride was necessary to complete 
the chemical change. 


C Hy S,28nl, + SnCl, > C,H,,S,,SnCl, + 28nI, + 30-30 Cals. 


soln. soln. soln. 
C,H,,8, + SnCl, —> C,H,,S,,SnCl, + 26-98 Cals. 
soln. soln. 
Hence, 2SnI, + C,H,,.8, —C aFlygBs,28nl4 — 3-3 Cals. 
soln. soln. soln. 


The heat of solution of stannic iodide in carbon tetrachloride 
(1 : 200) was found to be —3-81 Cals. The heat of solution of 
dimethyldithiolethylene stanni-iodide in carbon _ tetrachloride 
(1: 200) was —27-27 Cals. The heat of solution of the disulphide 
in carbon tetrachloride (1 : 200) was +0-232 Cal. Hence the heat 
of reaction of the disulphide and stannic iodide is + 16-58 Cals. 
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CCLVIII.—The Rotatory Dispersion of Derivatives of 
Tartaric Acid. Part II. Acetyl Derivatives. 


By Prroy Cortert Austin and JAMES RircHiz Park. 


THE efiect produced on the character of the rotatory dispersion of 
tartaric acid by bridging across various hydroxyl groups with 
methylene (Austin and Carpenter, J., 1924, 125, 1939) was so 
remarkable that an investigation of other types of bridging became 
desirable. Condensation of the carboxyl groups with production 
of an anhydride ring is readily effected if the alcoholic groups are 
acetylated at the same time (Chattaway and Parkes, J., 1923, 
123, 663). Diacetyltartaric anhydride is dextrorotatory in solution 
in acetone or benzene and levorotatory in alcohol or water. 
(Anschiitz and Pictet, Ber., 1880, 13, 1178; Pictet, Arch. Sci. 
phys. nat., 1882, '7, 82; Freundler, Ann. Chim. Phys., 1895, 4, 242), 
but the data recorded show considerable variations. Freundler 
states that whereas the rotations of dibenzoyltartaric anhydride in 
solution in acetone are practically independent of concentration, 
this is not the case with the diacetyl compound. He points out, 
however, that some of the solutions examined show mutarotation.* 
It seemed desirable, therefore, to study the compound in detail. 


The Cause of the Mutarotation of Diacetyltartaric Anhydride. 


We have found that if special care is taken to eliminate moisture, 
solutions of diacetyltartaric anhydride in acetone or ethyl acetate | 
do not exhibit mutarotation and the strong dextrorotations are 
permanent. The rotations conform to the requirements of the law 
of “simple ”’ rotatory dispersion (compare Austin and Carpenter, 
loc. cit.; Lowry and Cutter, this vol., p. 604). This led us to 
surmise that the variations in the values of the specific rotation with © 
changes of concentration which were recorded by Freundler might 
also be due to the presence of moisture in the solvent. This we 
have verified experimentally. It is therefore clear that when a dry 
solvent is used the two principal anomalies which are characteristic 
of tartaric acid and of many of its derivatives, viz., anomalous 
rotatory dispersion and sensitiveness of rotatory power to changes 
of concentration, disappear simultaneously. 

On adding water to the dry solutions, a change of rotation soon 
became apparent, the rate of change increasing with the amount 
of water present; with one and with four molecular proportions 
of water, final steady values were reached after about 14 days 


* The values given by Freundler for specific rotations are obviously inten 
to represent molecular rotations. a 
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and 16 days, respectively. The fact that this mutarotation is due 
to the hydrolysis of the anhydride ring and not to an isomeric 
change catalysed by the water (compare Lowry, this vol., p. 1376) 
was proved by isolating pure diacetyltartaric acid from solutions in 
which mutarotation was complete, The final readings were 
strongly levorotatory, but the values depended on the amount of 
water used, as‘is shown in Table I. 


TABLE I, 


Influence of Water upon the Rotatory Power of Diacetyltartaric Acid 
in Acetone at 20°. 


Ten g. of C,H,O, (anhydride) in 100 c.c. 1 se 


- Mols. of Mols. of 
20. @5780- Gsa61° Gan59° H,0O. Qs780- Q5461° Qa350° 
y 11-23%. = 13'12° -.--26-43° 4 —13-10° —15-26° —30-31° 
ve — 12-18 —14:10 —28-27 5 — 13:56 — 15-68 —31-13 
54 — 12-91 — 14-93 — 29-29 12 — 14-61 —17:00 —33-20 


_ The cause of this increase of levorotation with increasing amounts 
of water has not yet been determined. It may be due (i) to 
association with water molecules or (1i) to ionic dissociation of the 
diacetyltartaric acid. That some such influence is involved can be 
inferred from a study of the velocity coefficients (Table V). 


The Formation of Diacetyliartaric Acid. 


The results shown in Table I left us in doubt as to the true value 

of the rotatory power of diacetyltartaric acid until the latter _ 
substance had been isolated and identified. The purification of 
the acid was a somewhat troublesome process, since we were long 
unable to obtain any definite crystals from the solutions. More- 
over, the data in reference to the properties of this acid were very 
“meagre. Rochleder, who appears to have been the first to obtain 
crystals of the acid (Siz. Ber. Akad. Wiss. Wien, 1859, 29, 26), 
_ merely states that it is deliquescent; he gives neither analysis nor 
_ melting-point. W.H. Perkin, sen. (J., 1867, 20, 138), describes the 
acid as a transparent, gum-like substance, whilst Colson (Compt. 

_rend., 1892, 444, 177) obtained deliquescent crystals of a levo- 
rotatory compound, melting at 58° and corresponding with the 
formula C,H,,0,,3H,O. This substance we have been unable to 
obtain; but we have separated from solutions in benzene large, 
soft crystals, containing benzene of crystallisation (14 mols.). 
The benzene was easily driven off by heat; the residual white 
powder melted at 118° and was the anhydrous acid, CgH,)0,. A 
solution of this in dry acetone was strongly levorotatory and its 


tatory dispersion was also simple. Moreover, its molecular 
3 1* 2 
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rotatory power was identical with that calculated from the final 
readings after mutarotation, when one molecular proportion of 
water was used. Thus, when the anhydride and water are 
mixed in equimolecular proportion in the presence of acetone, 
hydrolysis of the anhydride is complete in about 16 days and the 
exaltation of the levorotation in the presence of more water must 
be due to some other cause. 

Since the simple salts of tartaric acid have been rot to exhibit 
complex rotatory dispersion (Lowry and Austin, Bakerian Lecture, 
Phil. Trans., 1922, A, 222, 249), this is the first instance of simple 
rotatory dispersion in the tartaric acid series, which is independent 
of any ring formation. Even more important, however, is the fact 
that the anomalies have been eliminated by replacing the hydroxylic 
hydrogen atoms by acyl groups without bridging, whereas the 
substitution of alkyl groups for the carboxylic hydrogen atoms is 
known to be without effect. 

We may therefore conclude that the alcoholic hydroxyl groups 
are wmportant, though possibly not essential factors, in the development 
of anomalous rotatory dispersion in tartaric acid (compare Lowry 
and Austin, Nature, 1924, 144, 431). 


Anomalous Rotatory Dispersion caused by the Swperposition of 
Opposite Partial Rotations. 


(a) An interesting feature of the mutarotation of diacetyltartaric 
anhydride is the development of anomalous rotatory dispersion 
during the transition from the simple dispersion of the dextro- 
rotatory anhydride to the simple dispersion of the levorotatory 
acid. This is clearly shown in Fig. 1 and is a striking vindication 
ot Arndtsen’s hypothesis in reference to the origin of the anomalous 
rotatory dispersion of tartaric acid (Ann. Chim. Phys., 1858, 54, 421; 
Lowry and Austin, Phil. Trans., loc. cit.; Lowry and Cutter, this 
vol., p. 607). 

It is an essential feature of this hypothesis that the two com- 
pounds the partial rotations of which are superposed, in order to 
produce an anomalous dispersion, must not only be opposite in 
sign but of unequal dispersion. This condition is fulfilled in the 
present instance, since, whilst the anhydride has a dispersion- 
constant 2” = 0:0507, the acid has a dispersion-constant 4° = 0-0833, 
the levo-component being the more dispersive (see Table V) just 
as in the case of tartaric acid and its esters (Lowry and Austin, 
loc. cit.) and of the two methylene derivatives (Austin and Carpenter, 
loc. cit.). 

The figure shows the curves of simple dispersion representing the 
anhydride (I) and the acid (VIII) respectively together with six 
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intermediate curves, which are plotted on a larger vertical scale in 
order to show the anomalies.* 

During the course of the mutarotation only the three mercury 
lines were read, but the form of the dispersion curves can be accur- 
ately determined by extrapolation beyond these points, since we 
know that we are dealing with mixtures of two known components. 


Fic. 1. 
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It will be seen that five of the curves (II—VI) are not only com- 
plex but also anomalous, the positions of the characteristic anomalies 
being indicated in Table V. No. VII, although still obviously 
complex (since mutarotation is incomplete), is normal, as are also all 

* The characteristic anomalies are (i) reversal of sign, Ap; (ii) maximum 
point at A,; and (iii) point of inflexion at Ag (Table V). In several instances 
the actual reversals were observed experimentally for the mercury violet, 
green and yellow lines in succession. 


A} 


4 


. 


ca) 
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the curves (not shown in the diagram) which lie between Nos. VII 
and VIII. This follows necessarily from the fact that &, has 
become greater than k,, whilst A, is also greater than 4,°. Simi- 
larly, all curves which lie between I and II must be complex and 
anomalous. 

(6) A change of a very similar character was observed when a 
solution of the anhydride in warm water was cooled to 20°. Hydro- 
lysis of the anhydride was so rapid that the first readings which could 
be obtained were levorotatory, but instead of remaining constant 
they soon began to diminish and a very slow mutarotation in the 
opposite direction to that shown in Fig. 1 took place until eventually 
only dextrorotations were observed. ‘Thus the simple levorotatory 
dispersion gave place to complex and later to anomalous dispersion, 
the rotation for the yellow mercury line showing reversal of sign 
after 19 days. This was followed by a reversal in the green after 
20 days and in the violet after 32 days (Table VI). This change 
is obviously due to slow hydrolysis of the acetyl groups with the 
liberation of dextrorotatory tartaric acid. A similar hydrolysis, 
which was slower still, was also noticed in the case of the muta- 
rotation of the anhydride in acetone, with twelve molecular pro- 
portions of water (p. 1927), after the attainment of the maximum 


levorotations. 
EXPERIMENTAL. 


Diacetyltartaric anhydride was prepared by Chattaway and 
Parkes’s method (loc. cit.). Owing to its deliquescent nature, 
recrystallisation from benzene did not suffice to purify it; eventually 
very pure specimens were obtained by allowing hot solutions of 
the compound in acetic anhydride to cool in a desiccator. Traces 
of the solvent were eliminated by washing with dry ether. The 
rotations were measured at 20° in solutions in acetone and in ethyl 
acetate. Both solvents were carefully dried shortly before use by 
the addition of phosphorus pentoxide, followed by refractionation. 
The specific rotations in ethyl acetate were considerably lower 
than those in acetone. Results are set forth in Tables II and ITI, 
photographic readings being given in italics. 

The Mutarotation of Diacetyltartaric Anhydride in Wet Acetone.— 
A solution of diacetyltartaric anhydride (10 g.) in dry acetone 
(nearly 100 c.c.) at 20° was, after the addition of water (0-85 c.c. = 
1 mol.), made up to 100 c.c. with dry solvent. The solution was 
transferred as rapidly as possible into a 4-dem. tube and readings 
were taken at intervals measured from the moment when the 
water was added. Comparison of the final constant readings with 
those obtained from a solution of an equivalent quantity of the 
pure acid in dry acetone showed that the reaction was complete 
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TABLE IT. 
The Rotatory Dispersion of Diacetyliartaric Anhydride in Acetone 
at 20°. 
(a) First Series. 25 G. of C,H,O, in 100 c.c. of solution. 

Length of tube =4 dem. a=[a]. Simple formula [a,] = lietnrcn J: ; 

[M,] = 2-16a. aN 

@=2 [a]— a= [a]— 

A. [a] obs. [a,]cale. [a,]. r. [aJobs. [a,]cale. [a,]. 


Li 6708 +45:94° +45-97° —0-03° Cu 5105 +87-45° +87:-44° +0-01° 
Cd 6438 50-49 50-45 +0-04 Cd 5086 88-17 88:25 —0-08 
Zn 6364 51-92 51:80 +0-12 Zn 4811 101-50 101-54 —0-04 
Li 6104 57-00 57:02 —0-02 Cd 4800 102-00 102-13 —0-13 
Na 5893 61-90 61-88 +0:02 Zn 4722 106-49 106:54. —0-05 
Cu 5782 64-74 64-71 +0-03 Cd 4678 108-93 109-16 —0-23 
Hg 5780 64°75 64:76 —0O-01 Li 4602 113-97 113-93 +0-04 
Cu 5700 67-05 66:93 +0-12 Hg 4359 131-73 131-75 —0-02 


Ag 5469 73°85 73°88 —0-03 Fe 4157 150 150-3 —O0-3 
Hg 5461 74:15 74:15 + Fe 4064 160 160-3 —0-3 
Cu 6219 82-83 82:79 +0-04 Fe 4046 162 162-4 —0-4 
Ag 5209 83-15 83-18 —0:03 Fe 3978 171 170-6 +0-4 


Cu 5154 85-38 85-39 —0-01 
(b) Second Series. 10G. of C,H,O, in 100 c.c. of solution. 


Length of tube = 4dem. «=0-4{a]. Simple formula [o,] = Pe as 
[a]— [a] [a]— 
As a. f[a]lobs. [a;]cale. [a,]. 4 a. f[a]obs. cale. [a]. 


Cd 6438 +20-20° +50-50° +50-45° +0-05° Cd 5086 35-29° 88-23° 88-25° —0-02° 
Zn 6364 20-72 51-80 51-80 + Zn 4811 40-61 101-52 101-54 —0-02 
Na 5893 24-79 61-97 61:88 +0-09 Cd 4800 40-82 102-05 102-153 —0-08 
Cu 5782 25-88 64-70 64:71 —0-01 Zn 4722 42-62 106-55 106-54 +0-01 
Hg 5780 25-92 64-80 64-76 +0:04 Cd 4678 43-60 109-00 109-16 —0-16 
Cu 5700 26-77 66-93 66-93 + Hg 4359 52-70 131-75 131-75 = © 
Ag 5469 29-52 73°80 73°88 —0-08 Fe 4072 64 160 159-4 +0-6 
Hg 5461 29-66 74-15 74-15 = Fe 4046 65 162:5 162-4 +0-1 
Cu 5219 33-12 82-80 82-79 +0-01 Fe 3978 68-2 170-5 170-6 —O-l1 
Ag 5209 33-25 83-13 83-18 —0-05 Fe 3879 73:5 183-7 183-9 —0-2 
Cu 5154 34-16 85-40 85°39 +0-01 Fe 3860 74:8 187 186-7 +0-3 
Cu 5105 34-97 87-43 87-44 —0-01 


TABLE III. 


The Rotatory Dispersion of Diacetyltartaric Anhydride in Ethyl 
Acetate at 20°. 


8-250 G. of C,H,O, in 100 c.c. of solution. 


| ; 5 12-177 
Length of tube = 4 dem. a =0-33[a]. Simple Dispersion [a,] = SBT 
[a]— [a,] [a]— 
r. a.. [a]obs. [a,]cale. [ay]. r. a.  [a]obs. calc. [a,]. 


Cd 6438 +11-26° +34-12° +34-06° +0-06° Cu 5105 19-79° 59-97° 59-81° +0-16° 
Zn 6364 11-64 35-27 34:99 +0-28 Cd 5086 19:98 60-54 60-38 +0-16 
Na 5893 13-80 41-82 41:95 —0-13 Zn 4811 23-20 70:30 69-80 +0-50 
Cu 5782 14-55 44-09 43-91 +0-18 Cd 4800 23:11 70-03 70-22 —0-19 
Hg 5780 14-58 44-18 43-95 +0-23 Zn 4722 24:30 73°63 73:37 +0°26 
Cu 5700 14-95 45-30 45:45 —0-15 Hg4359 30-23 91-61 91:55 +0-06 
Ag 5469 16-54 50-12 50-30 —0-:18 Fe 3978 40-0 121-2 120-3 +0-9 
Hg 5461 16-66 50-48 50-48 + Fe 3720 50:0 151-5 149-6 +1-9 
Cu 5219 18-66 56-54 56°54 + Fe 3609 55:0 166-7 166-2 +6:5 
Ag 5299 18-77 56°88 56°31 +0-07 
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in about 16 days. Thus, since the proportion of acid to anhydride 
could be readily calculated at any moment, attempts were made to 
measure the reaction velocity coefficient. The results (Table IV) 
show that after a short period of induction (about 10—12 minutes) 
the reaction approximates more closely to the unimolecular than 
to the bimolecular type, but the agreement is not wholly satis- 
factory, since after 2 or 3 days the values of k’ fall off rapidly. 
This fact, taken in conjunction with the gradual increase of levo- 
rotation with increasing amounts of water (Table I), leads us to 
conjecture that there are probably two reactions taking place 
simultaneously or consecutively, viz. (1) opening of the anhydride 
ring and (2) association of anhydride or of acid with water. Previous 
attempts to measure the reaction velocity (Deakin and Rivett, J., 
1912, 101, 127) of this compound by conductivity measurements 
in aqueous solutions failed on account of the rapidity of hydration 
of the anhydride. We also made observations of mutarotation 
with larger amounts of water, but these are reserved for further 
investigation. 
TaBLe IV. 


The Mutarotation of Diacetyltartaric Anhydride in Wet Acetone at 20°. 


10 G. of CgH,0, + 0-85 g. (1 mol.) of H,O in 100 c.c. of solution. 


Length of tube 4dcm. Values of the velocity coefficients, k’ (unimolecular) 
and k” (bimolecular), are calculated for [Mseer- 


Intervals 
(mins.). Geren: Geagis Ossepe [Msacise 1 oh pee eee 
— +25:92° +29-66° +652-70° +160-16° — a 
5 25-81 29-50 — 159-30 746 747 
9 25-81 29-50 52°35 159-30 414. 415 
12 25:75 29-47 + 159-14 369 370 
AI 25-75 29-22. — 157-79 382 384 
60 25-15 28-75 —_ 155-25 358 362 
120 24-40 27°87 49-10 150-50 356 364 
180 23°56 26-84 47-65 144-94 378 392 
260 22°55 25-55 45°43 137-97 388 409 
750 17-10 19-52 33°55 105-41] 361 414 
990 14-69 16-58 28-88 89-53 369 445 
1590 9-13 10-42 16°75 56-27 376 514 
2310 4-2] 4-75 6-75 25-65 378 603 
2700 2-38 2-50 2:50 13-50 373 644 
2940 + 1:41 + 1:45 + 0°45 7°83 366 658 
3060 + 0-82 + 0°75 — 0-75 4:05 368 681 
3180 + 0-29 + 0-23 — 170 + 1-19 363 682 
3690 — 1:35 — 1-64 — 5:22 — 8-86 356 739 
4320 — 2-87 — 3-44 8-69 — 18-58 344 792 
5640 — 5-38 — 6:44 _13- “75 — 34-78 329 958 
7200 — 7:10 — 8-38 —17-25 — 45-25 305 1114 
13 days —10-91 —12-87 — 25-75 — 69-50 214 9081 
© —11-23 —13-12 — 26:43 — 70°85 — — 


The Slow Mutarotation of Diacetyltartaric Acid in Aqueous Solu- 
tion.—A solution of diacetyltartaric anhydride (10 g.) in warm water 
was cooled and made up to 100 c.c. at 20°. The anhydride was hydro- 
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TABLE V. 


_ Molecular Rotation Constants and Anomalies during the Muta- 
rotation of Diacetyltartaric Anhydride. 


ky leg 
pas A? — 0:0507 - a? — 0-0833° 
Curve Intervals Ap. Au Ag: 
Dispersion. No. in hours. key. ky. Reversal. Maximum. Inflexion. 
Simple us — 39-645 0 a — 

Ai 384 16-560 8-868 0-3476 0-415] 0-4733 
Complex iil 45 14-475 9-669 00-3858 0-4786 0-5565 
and IV 49 13-502 10-043 0-4218 0-5363 0-6305 
anomalous} V 51 12-854 10-292 00-4628 0-6159 0-7118 
VI 53 12:372 10-477 0-5134 00-6783 0-8096 


Complex VII 614 10-639 11-143 oe —- Peak 
and normal 
Simple VIII oro) 0 15-230 a = we 


lysed almost immediately to diacetyltartaric acid, the first reading 
(after an interval of 45 minutes) giving a value — 13-36° for Hg;,6, 
in a 4-dem. tube. On standing, slow mutarotation took place, 
the readings for the mercury yellow, green, and violet lines becom- 
ing positive after 19, 20, and 33 days respectively. Thus the 
rotatory dispersion became anomalous owing to the slow liberation 
of tartaric acid. Results are set forth in Table VI. 


TABLE VI. 


The Slow Mutarotation of Diacetyltartaric Acid in Agueous 
Solution at 20°. 


10 G. of C,H,O, (anhydride) in 100 c.c. of solution. / = 4. 


Intervals. asz99. ores Q4359- Intervals. aszgq- Os vaxe Oissa* 
45 mins. —11-43° —13-36° —25-79° 3ldays +1-31° +1-38° —90-27° 
15 hrs. —10:29 —11-77 —23-32 33 ,, +1:78 +1:66 +0-36 
17i — 997 —11-57 —22-:79 38 ,, +1:90 +1:92 +1-07 
213 ,, — 974 —11-:18 —22:02 42 ,, 4+2:24 12-34 +1-43 
38} ,, — 888 —10-:03 —19-:92 45 ,, +248 +2:59 +1-64 
622 ,, — 7:00 — 829 —17-22 48 ,, +254 +2:69 +1-88 
mG.’ x — 5-07 5-96 —11-75: 56 .-,; +2-:91 +3:13 +2-90 
184 ,, — 332 — 3:96 — 968 59 ,, +3:13 +3:3 +3-05 
15 days — 0-69 — 1:00 — 4:79 62 ,, +3:17 +3:37 +3-37 
20, +018 — 0:04 — 303 71 ,, +348 +3:62 +3-46 
me sy + 083 + 0-81 — 1:37 


CH,:CO-0-0H-CO,H 

’ CH,'CO-0: CH: CO, His 

A solution in which mutarotation of the engi was samaplets 
was allowed to evaporate in a vacuum desiccator. The colourless 
syrup obtained (in one case only this crystallised on long standing) 
was dissolved in hot benzene, in which it was only slightly soluble, 
and the solution was allowed to remain in the desiccator. The 
soft, large, transparent crystals that formed slowly smelled of 
benzene and soon became opaque when the solvent was decanted 


The Preparation of Diacetyltartaric Acid, 
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(Found by titration with KOH : equiv., 174-3. C,H,0, + 14C,H, 
requires equiv., 175-5). When the crystals were heated at 85° for 
15—20 minutes and crushed, the smell of benzene was removed 
(Found : equiv., 116-8. C,H,,0, requires equiv., 117-0). The sub- 
stance, m. p. 118°, was therefore pure. A solution in dry acetone 
containing 10-8336 g. (equivalent to 10 g. of anhydride) in 100 c.c. 
was levorotatory and the dispersion simple. The readings corre- 
sponded exactly with the final readings obtained in the mutarotation 
of an equivalent quantity of the anhydride in acetone containing 
water (1 mol.). The results are set forth in Table VIL. 


Taste VII. 


Rotatory Dispersion of Diacetyltariaric Acid in Acetone at 20°. 


10-8336 G. of C,H,,O0, (equiv. to 10 g. of C,H,0,) in 100 c.c. of 
solution. J = 4. 


Bintple formalin Tate ee re Rea 
A. a. [a] obs. [a,] calc. veil, a. a. {a] obs. [a,] cale. [aJ—[a,]. 


Li 6708 — 7-72° —17-81° —17-75° —0-06° Cu 5105 —15-89° —36-67° —36-70° +0-03° 
Cd 6438 — 8-52 —19:-66 —19-65 —0-01 Cd 5086 —16:07 —37-08 —87-11 +0-03 
Zn 6364 — 8-74 —20-17 —20-23 +0-:06 Zn 4811 —19-00 —43-84 —43-:92 +0-08 
Li 6104 — 9:75 —22-50 —22-50 + Cd 4800 —19:18 —44:26 —44:24 —0-02 
Na 5893 —10-65 —24:57 —24:65 +0-08 Zn 4722 —20-15 —46°50 —46-59 +0-09 
Cu 5782 —11:21 —25-87 —25-92 +0-05 Cd 4678 —20-84 —48-09 —48:02 —0-07 
Hg 5780 —11-:23 —25-91 —25-95 +0-04 Li 4602 —22:07 —50:93 —50-65 —0-28 
Cu 5700 —11:64 —26-86 —26:93 +0:07 Hg 4359 —26-43 —60-99 —60-99 ae 

Ag 5469 —13:08 —30-18 —30-:15 —0-03 Fe 4132 —32:5 —75-0 —?744 —0-6 


Hg 5461 -—13:12 —30-28 —30-28 + Fe 4046 —35 —80:8 —80-9 +0-1% 
Cu 5219 —14:89 —34:36 —34:-42 +0-:06 Fe 3978 —37'5 —86-5 —86-8 +03 
Ag 5209 —14:98 —34:57 —34:61 +0:04 Fe 3879 —42 —9I6-9 —96-9 + 


Cu 5154 —15-48 —35-72 —35-69 —0-03 


We are indebted to the Government Grant Committee of the 
Royal Society for a substantial grant for the purchase of the 
necessary apparatus. We are also indebted to Prof. T. M. Lowry, 
C.B.E., F.R.S., for his criticism of this paper. 
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CCLIX.—The Chemistry of Petroleum. Part II. The 
Action of Sodium Hypochlorite on Sulphur Com- 
pounds of the Types found in Petroleum 
Distillates. 


By Strantey Francis Birch and Wooprorp STANLEY GOowAN 
Prucknetr Norris. 


THE refining of petroleum distillates by the “ hypochlorite process ~ 
as advocated by Dunstan and Brooks (Ind. Eng. Chem., 1922, 14, 
1112), which involves the oxidation of the offensive sulphur com- 
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pounds by means of an alkali hypochlorite, has not only been adopted 
as a standard method of treating the light distillates from Persian 
petroleum, but is rapidly becoming more generally used throughout 
the petroleum industry. For this reason, and more particularly 
because misleading statements reflecting unfavourably upon the 
efficiency of this process have appeared in the technical literature, 
it was of obvious importance to investigate the mechanism of the 
oxidation. In the present paper we describe the action of sodium 
hypochlorite solution on petroleum solutions of representative 
members of the types of sulphur compounds which occur in the 
soda-washed distillate (see Part I, this vol., p. 898). 

Observations relevant to this subject have been made by Water- 
man and Heimal (J. Inst. Pet. Tech., 1924, 46, 812). Under the 
conditions they employed, diphenyl sulphide, ethyl mercaptan, 
carbon disulphide, diphenylsulphone, diethylsulphone, and ethyl 
thiocyanate were “‘ completely removed ” from petroleum solution, 
whilst phenyl mercaptan, diethyl sulphide, phenylthiocarbimide, 
phenylthiocyanate, and diphenyl sulphoxide were “ substantially 
removed.” Organic disulphides were not examined, nor were any 
of the oxidation products investigated. Wood, Lowy, and Faragher 
(Ind. Eng. Chem., 1924, 16, 1116) state quite definitely that alkyl 
sulphides, alkyl disulphides, and thiophen are not attacked by sodium 
hypochlorite solution. They also state that mercaptans are simply 
converted into the disulphides, which remain dissolved in the solvent 
employed; that they obtained no evidence of chemical action 
between the aqueous reagent and free sulphur, sulphoxides, or 
sulphones; and that hydrogen sulphide is oxidised to free sulphur 
and water, whilst carbon disulphide is converted into sodium 
carbonate and sodium sulphate. 

The discrepancies between the two sets of results have made it 
necessary to investigate the subject anew. 

It may be stated at once that all the mercaptans, organic sulphides, 
and organic disulphides which we have examined are quantitatively 
oxidised by sodium hypochlorite, the reaction proceeding quite 
readily provided a.suitably active solution is employed, whilst 
thiophen and elementary sulphur remain unattacked. 

The greater the tendency of a solution of sodium hypochlorite 
to decompose spontaneously the greater, naturally, will be its 
reactivity towards oxidisable compounds. Kaufmann (Z. angew. 
Chem., 1924, 37, 364), who considers the active agent in hypo- 
chlorite solutions to be free hypochlorous acid, OCI’ + H,O == 
HOC! + OH’, has shown that the velocity of spontaneous decom- 
position of aqueous sodium hypochlorite is inversely proportional 
to the concentration of hydroxy] ions, and that the fraction of the 
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total hypochlorite ions destroyed in unit time is independent of the 
actual concentration of hypochlorite. Thus the reactivity of a 
solution of sodium hypochlorite should be increased by dilution 
and decreased by the addition of free alkali, conclusions which have 
been independently reached in studying the interaction of this 
reagent and various compounds of sulphur. It is for this reason 
that, in stating certain derivatives of sulphur to be readily oxidised 
by hypochlorite, we have also stated that the latter must be 
‘* suitably active.” 

The organic solvent used was a special fraction of petroleum, 
b. p. 100—175°, which had been freed from aromatic compounds by 
shaking with a large excess of concentrated sulphuric acid, and 
afterwards thoroughly washed with a solution of sodium hypo- 
chlorite ; the sulphur content was thereby reduced below 0-005°%.* 
To the petroleum thus purified, the various sulphur compounds 
were added in amounts sufficient to give solutions containing from 
06% to 0:9% 8. The solutions of sodium hypochlorite were 
prepared by leading chlorine into an aqueous solution of pure 
sodium hydroxide until the free alkali had been reduced to a 
predetermined amount; greater alkali content could then be 
obtained by adding solid sodium hydroxide, without appreciably 
altering the amount of available chlorine. The latter was deter- 
mined by adding acetic acid and potassium iodide and titrating the 
liberated iodine. For the estimation of free alkali, the hypochlorite 
was first decomposed by boiling with hydrogen peroxide; the 
cooled liquid was then titrated with hydrochloric acid, with methy}- 
orange as indicator, and, the quantity of sodium carbonate being 
quite small, the result calculated as sodium hydroxide (vide infra, 
p- 1942). 

It was usual to shake 25 c.c. of the analysed reagent with 25 c.c. 
of the standard solution of sulphur compound in a bottle closed by 
means of a cork covered with tin-foil. A mechanical shaker was 
used, the speed being maintained constant throughout this research. 
After a period of shaking previously decided upon, the petroleum 
layer and the aqueous liquid were separated, and analysed. 


Organic Sulphides. . 
Since no complication arises from the formation of acidic oxidation 
products, it is convenient to consider first the interaction of aqueous 


* All estimations of sulphur in petroleum were carried out by means of the 
lamp method. 

We wish here to thank Miss G. E. Hickes and Mr. D. Carter, of the Analytical 
Department, for carrying out the numerous estimations which this research 
has entailed. 
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sodium hypochlorite and a petroleum solution of an organic sulphide. 
The latter is converted quantitatively into the corresponding 

sulphone. Not even traces of any intermediate compound (2.e., 
a sulphoxide) could be isolated, nor does hypochlorite appear to 
exert any further action on sulphones; in fact, the available chlorine 
used up generally corresponds very closely with four atoms per 
atom of sulphur oxidised. The reagent does not become appreciably 
less alkaline during this reaction. 

Kahlbaum’s diethyl, di-n-propyl, disobutyl, and diisoamyl 
sulphides were employed without further purification. In the case 
of diethyl sulphide, at the conclusion of the reaction, the aqueous 
liquid was evaporated and the residue extracted with chloroform ; 

_ the diethylsulphone, m. p. 70°, obtained from the extract in 75% 
yield, was identified by comparison with a genuine specimen. The 
higher sulphones, which are more soluble in petroleum than in 
water, were prepared in yields of over 70% by shaking the corre- 
sponding sulphides with aqueous sodium hypochlorite alone; the 
resulting oils were taken up in chloroform, and after drying over 
calcium chloride, the solvent was removed, and the residue distilled. 
Diisobutylsulphone and dizsoamylsulphone have b. p. 263° and 296° 
respectively (both with slight decomposition) (Beckmann, J. pr. 
Chem., 1878, 17, 448, gives b. p. 265° and 295° respectively.) 

The effect of alkalinity upon the rate of oxidation of the sulphides 
was tested by means of eight solutions of sodium hypochlorite which 
contained 8-42°% of available chlorine, but in which the alkalinity 
(calculated as sodium hydroxide) varied from 0-22% to 6-64%. 
Solutions of diethyl, di-n-propyl, ditsobutyl, and dizsoamy! sulphides 
were employed, having sulphur contents of, respectively, 0-736, 
0-864, 0-912 and 0-875%. Preliminary experiments led us to adopt, 
for the times of shaking, 15, 30, 120, and 240 minutes, respectively. 
The results are summarised in Table I. 


TABLE I. 
Available chlorine in reagent = 8-42%. 

Diethyl | Di-n-propyl Diisobutyl Ditsoamyl] 

Free sulphide. sulphide. sulphide. sulphide. 
Sh - n. L. n. we. nN. x. n. w. 
0-22 4-08 Nil 4-17 0-04 3°81 0-58 3:94 0-86 
0-37 4-26 7 4:28 0-04 3-64 0-56 3°53 0-82 
0-54 4-18 i 4-27 — 337 O78 2°68 0-81 
0-91 4-24 ” 4:16 0-05 2:33 = 0-62 187 0-83 
1-48 4-14 3 3°91 0-09 1-68 0-56 P28 O78 
2-87 4-15 9 3°05 = 0-25 O87” 0-74 0-88 0-82 
4-14 4-14 _ 2:00 0-43 0-62 0-86 0:74 0:84 
6-64 4-02 Hh 108 0-72 0-45 0-85 0-84 0-84 
m = atoms of available chlorine absorbed, per atom of sulphur present. 

* = % sulphur in residual petroleum. 
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Diethyl sulphide was always completely oxidised after 15 minutes ; 
since diethylsulphone is much more soluble in water than in 
petroleum, the latter was invariably free from sulphur. It was, 
however, possible to demonstrate the retarding effect of sodium 


hydroxide on the oxidation of diethyl sulphide by using a solution 
of hypochlorite which contained 20-4°% of sodium hydroxide and 


7:89%, of available chlorine; after 15 minutes, only 21:1% of the — 
sulphide had been oxidised, and even after 60 minutes’ shaking © 


still only 53-49% had been removed. ‘The.inhibiting influence of the 
free alkali is more noticeable in the oxidation of the higher sulphides. 
Thus, with di-n-propyl sulphide there is a gradual diminution in 
the extent of oxidation, a correspondingly increasing quantity of 
sulphur remaining in the petroleum. In the case of ditsobutyl 
and diisoamy! sulphides, the figures for the residual sulphur in 
the petroleum are irregular; this has been traced to the existence 
of a partition of the resulting sulphones between the aqueous 
reagent and the organic solvent. It was usual, before proceeding 
to the analysis of the petroleum layer, to wash it once or twice with 
a small quantity of sodium hydroxide solution to remove any free 
hypochlorous acid; in consequence, varying quantities of the 
higher sulphones were dissolved from the petroleum. ‘This has been 
confirmed, for by washing petroleum solutions of ditsobutyl- and 
ditsoamyl-sulphones several times with water the sulphur content 
of the petroleum was reduced. Any of the sulphides dealt with was 
rapidly oxidised by a dilute, faintly alkaline, solution of sodium 
hypochlorite. It is evident that even using so strongly alkaline a 
solution as one containing 6-64% of free alkali, the reaction between 
aqueous sodium hypochlorite and a dialkyl sulphide may be said to 
proceed quite readily by comparison with the prolonged reactions 
which are so common in synthetic organic chemistry ; and even with 
a reagent containing 20% of free alkali the reaction with diethyl 
sulphide is still obvious and could scarcely fail to be detected. In 
fact (vide supra), this reaction offers a very convenient method for 
the preparation of sulphones. 


Organic Disulphides. 


Diethyl and diisopropy!] disulphides were quite readily freed from 


traces of the mercaptan or sulphide by fractional distillation. ‘Their 
behaviour towards aqueous sodium hypochlorite is evidently typical 
of the disulphides, since parallel results were obtained in the two 
cases. 

The primary oxidation products from diethyl disulphide, unlike 
the product from a sulphide, are acidic, 7.e., ethanesulphonic acid 
together with a smaller quantity of sulphuric acid; these appear as 


pu ae 
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sodium salts, and therefore the alkalinity of the aqueous phase is 
gradually reduced. Since the sulphonic acid (as its sodium salt) is 
not attacked by hypochlorite, the sulphuric ane is formed directly 
from the disulphide : 


Na,SO, <— H,SO, <— B.S, —> R-SO,H —> R:SO,Na. 


The gradual removal of the alkali hydroxide makes it necessary, 
in describing the effect of alkalinity on the reaction, to distinguish 
- two somewhat different cases. (1) The free alkali present is more 
than equivalent to the total possible acid products; the reagent will 
always remain alkaline. (2) The free alkali is less than equivalent 


oo a 
YS a 
235 ST 
RFA 
Peep eere soe ry 
0 i) a 
Pete QAO RP AEE 

eaemotial tbo 
Pare 


By 


Atoms chlorine absorbed per atom ‘ sulphur. 


Time : minutes. 


to the total possible acid products; if the reaction is continued long 
enough, the reagent will become acidic. The reaction in the first 
case may be described as the normal one; plotting the atoms of 
available chlorine absorbed, per atom of sulphur, against time, 
curves are obtained, of which (i), for a strongly alkaline, and (ii), 
for a weakly alkaline reagent, are typical. The influence of the added 
alkali hydroxide is very marked. If, however, the alkalinity of the 
reagent is so chosen that it falls into the second class, the additional 
complication causes the curve to assume quite a different form (iii). 
The initial part of the reaction takes the normal course until the 
acidic primary products have completely neutralised the free alkali 
present; at that point (*) there occurs a very rapid absorption ot 
_ available chlorine until the sulphur compound is entirely removed 


_ 


i 
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from the petroleum solution; the reaction then tails off and only a 
slow spontaneous decomposition of the residual dilute acid hypo- 
chlorite continues to take place. 


Tas ie II. 
Diethyl disulphide. S = 0-63%. 25 C.c. 
Sodium hypochlorite solution A Sodium hypochlorite solution B 


(Clice 543% s" N8OH i (Cl ='5-33%; “ NaOH * = 
Time of 0°:38%). 25 c.c. 0-73%). 20 cc. 
shaking. ~——.———_————--. ae ~ 
Mins. d. nN. es d. nN. sop 
15 0-32 0-78 0-57 — — — 
30 0-26 1-59 0-48 0-66 0-93 0-95 
45 0-09 2-76 0-35 — —. bes 
60 Nil 5-88 Nil 0-57 2-10 0-47 
75 fe 5-90 ssuke — — — 
90 Ae 5-91 53 0-50 3°07 0-37 
105 as 5-98 He _ — — 
120 Be 6-15 . 0-47 3°76 0-29 
150 —- — — 0-45 4-17 0-26 
180 -— —- —- 0-41 4-62 0-20 


d = % ‘‘free alkali’ in residual aqueous reagent. » = atoms of available 
chlorine absorbed per atom of sulphur present. «w = % sulphur in residual 
petroleum. 


A considerable evolution of heat occurred at and immediately 
after the point in the reaction marked with an asterisk; the oxidation 
at this stage was so rapid that a sample of the reagent corresponding 
with the points intermediate between this and the completion of the 
reaction could not be isolated. 

Tt must be noted that even 20% of sodium hydroxide does not 
completely inhibit the oxidation of a disulphide by means of aqueous 
sodium hypochlorite. 

Sodium ethanesulphonate was identified as a product of the 
oxidation of diethyl disulphide as follows. The disulphide, dissolved 
in petroleum, was shaken with a faintly alkaline solution of sodium 
hypochlorite in slight excess, until the mixture had become warm 
and had commenced to cool again. The aqueous liquid was warmed 
and treated with sulphur dioxide to decompose any residual hypo- 
chlorite and any sodium chlorate present. After adding an excess 
of hydrochloric acid, the excess of sulphur dioxide was expelled by 
boiling, and the solution neutralised, and evaporated to dryness. 
Sodium ethanesulphonate, mixed with sodium chloride, was 
extracted by means of absolute alcohol from the residue, dried at 
110°. The pure salt was obtained after repeated crystallisation 
from absolute alcohol until it no longer contained chlorine (Found : 
Na, 17-4. Calc. Na, 17-5%). 

A portion of the aqueous layer from the oxidation was boiled 
with ammonia, and hydrochloric acid and barium chloride were 


| 
| 
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added; on boiling, a white precipitate of barium sulphate was 


obtained. 


Mercaptans. 


Ethyl mercaptan was used for these experiments ; results obtained 
with isopropyl and isobutyl mercaptans indicated that the reactions 
followed the same course. 

The mercaptans, before being fractionally redistilled, were washed 


with a small quantity of sodium hydroxide solution to remove any 


= 


hydrogen sulphide. 

The apparent course of the reaction between sodium hypochlorite 
and ethyl mercaptan depends greatly upon the alkalinity of the 
reagent. The first action leads simultaneously to the formation 
of ethanesulphonic acid, sulphuric acid, and diethyl disulphide; 
the last, if the reagent is sufficiently reactive, is destroyed as it is 
formed, the acids (as their sodium salts) being the only products. 
But with a more stable solution of hypochlorite a much slower 
decomposition of the disulphide occurs, and this substance then 
appears as the chief product, accompanied by smaller quantities 
of the acids, which have been formed, for the most part, by direct 
oxidation of the mercaptan. The first part of the reaction, in which 
the mercaptan itself takes part, does not appear to be affected by 
the alkalinity of the reagent, whilst the factors which influence the 
destruction of the resulting disulphide are those which govern the 
normal interaction of this type of compound with*sodium hypo- 


chlorite (vide supra). 
7 H,S0, 


Be El et So eaneion ry SS 
\R-SO,H” 


The proof that ethanesulphonic and sulphuric acids are formed 
concurrently with the disulphide is as follows: A solution of ethyl 
mercaptan containing 0-715% of sulphur and a solution of sodium 
hypochlorite containing 5:3% of available chlorine and 27-7% of 
sodium hydroxide being used, after 15 minutes 4:8 atoms of chlorine 
per atom of sulphur had been taken up, simple conversion to the 
disulphide requiring only one, and this figure did not appreciably 
inerease after a further 45 minutes’ agitation. This shows quite 
clearly that diethyl disulphide, once it is formed, is not appreciably 
attacked by hypochlorite having the alkalinity mentioned ; this was 
confirmed by treating a solution of diethyl disulphide with the same 
reagent, when, even after 2 hours, only 0-4 atom of chlorine per atom 
of sulphur had been absorbed. 

The influence of alkali hydroxide upon the extent of oxidation of 


1942 BIRCH AND NORRIS: 


ethyl mercaptan during a fixed time of shaking is exhibited in 
Table ITI. 
Tasue III. 


Ethyl mercaptan solution: S = 0-715%. 
Available chlorine = 8-42%. Time of shaking: 15 mins. 


Free alkali % ......... 0-22 0:37 0-54 O91 1:48 2:86 414 6-64 
Atoms Cl absorbed/ 
BGO Sti s aes eve 7:34 713 6:58 619 5-89 543 517 5-14 

% Sin residual 
petroleum ......... Nil ))) Niky.) (0-03''' OF11 042 tir TOmte es Gedy 


Ethanesulphonic acid was identified in the manner described 
above; the sodium salt was analysed (Found: Na, 17:4%). Sul- 
phuric acid was identified as before. Diethyl disulphide was isolated 
from the petroleum at the conclusion of the reaction; the yield, 
however, never exceeded approximately 50%. 


The Influence of Sodium Carbonate and the Effect of Dilution.. 


Solutions of sodium hypochlorite invariably contain sodium 
carbonate in addition to sodium hydroxide, sodium chloride, and 
sodium chlorate. 

During the earlier experiments, estimations were made of the 
actual sodium hydroxide, as well as of sodium carbonate, in the 
aqueous reagent. The experimental procedure thereby involved 
made it, however, very inconvenient to carry out a sufficient number 
of experiments during many of the more rapid oxidations. In 
seeking a more simple method for determining the alkalinity of the 
hypochlorite, it was therefore necessary to ascertain whether sodium 
carbonate has any appreciable effect upon the reactivity of the 
reagent. For this purpose, the reaction with diethyl disulphide was 
chosen, as being the most sensitive towards the influence of added 
alkali. The results are summarised in Table IV, in which a compari- 
son is drawn between the course of the reaction between a standard 
solution of diethyl disulphide and (i) a weakly alkaline solution of 
sodium hypochlorite, (ii) the same solution after the addition of solid 
sodium carbonate. 

These figures do not show any detectable increase in stability 
brought about by the addition of sodium carbonate. This is scarcely 
surprising, since no appreciable alteration is produced in the con- 
centration of hydroxyl ions by adding sodium carbonate to a solution 
already containing a comparatively large quantity of sodium 
hydroxide. | 

It was, in consequence, possible to adopt quite a simple method 
for determining the alkalinities of a series of reagents. The object 
of these analyses was twofold; the decrease in the alkali present 
before and after a reaction gave a measure of the acid products, 
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TABLE LV. 


Diethyl disulphide solution: S = 0-631%. 25 C.c. taken. 
Sodium hypochlorite 


solution “‘ A”? (Cl = Solution ‘‘ A” plus solid sodium 
5-43%; “NaOH” = carbonate (Cl = 5:33%; ‘“‘ NaOH ”’ 
Time of 0:38%). 25 c.c. = 0:38%; *Na,CO, = 037%). 
shaking. §§. ——————~—_____. ——__ >_> 
Mins. d. n. Lv. d. nN. Ss B. 
15 0-32 0-78 0-57 0-71 0-67 0-57 2-5 
30 0-26 1-59 0-48 0-64 1-49 0-51 3-24 
45 0-09 2-76 0-35 0-59 2-20 0-42 7:09 
60 Nil 5-88 Nil — _ — — 
75 " 5-90 4 0-20 5-71 Nil 6-88 
90 Hf 5-91 a 0-20 5:73 i 6-62 
105 Ke 5-98 * — a os ae 
120 “ 6-15 ‘ —— — ee — 
Solution “A.’’ 25 ¢.c., plus Solution “A.” 25 c.c., plus 
Time of 25 c.c. of water. 100 c.c. of water. 
shaking - r j 
Mins. d. n. so d. nN. LC. 
15 0-13 2-95 0-35 Nil 5-45 0-02 
30 Nil 5-78 Nil As 5-53 Nil 
45 e 5-80 at — —_ — 
60 - 5-88 i sail at ue 
75 pe 5-90 * — = me 


d = % “free alkali’ in residual aqueous reagent. 

m == atoms of available chlorine absorbed per atom of sulphur present. 
x = Y% sulphur in residual petroleum. 

B = % of total sulphur which appears as sulphuric acid. 


I 


* Calculated as sodium hydroxide. 


whilst the alkalinities of a series of reagents formed an indication of 
their reactivities. The solutions all contained approximately the 
same concentration of sodium carbonate, present as impurity in the 


_weakly alkaline solution of sodium hypochlorite to which varying 


quantities of solid sodium hydroxide had been added. Since 
differences in alkalinity were to be compared, as distinct from the 


_ actual hydroxyl-ion concentrations, the alkalinity was estimated, 


after destroying the hypochlorite by means of hydrogen peroxide, 
by titration against hydrochloric acid with methyl-orange as 
indicator. Hence curves in which alkalinity is plotted as one of the 
co-ordinates are slightly displaced in a direction parallel to the axis 
of alkalinity; for the present purpose this is immaterial. 

The increase in reactivity brought about by diluting a solution 
of sodium hypochlorite (compare p. 1936) was demonstrated by 
means of the reaction with diethyl disulphide. The reagent used was 
the same solution which had been employed for the experiments with 
sodium carbonate; in one series the solution was diluted to one-half, 
in the second to one-fifth of its original concentration. The results, 


_which clearly indicate an increase in the velocity of reaction with 


s 
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decrease in concentration of the sodium hypochlorite, are included 
in Table IV. 


Elementary Sulphur and Hydrogen Sulphides ; Thiophen. 


The observation of Wood, Lowy, and Faragher (loc. cit.) that free 
sulphur is precipitated when hydrogen sulphide reacts with sodium 
hypochlorite, has been confirmed, but evidence of the simultaneous 
production of sulphuric acid has been obtained. This is not formed 
by further oxidation of the elementary sulphur, since the latter has 
been shown to be quite inert towards sodium hypochlorite. 

Thiophen does not react with sodium hypochlorite. 


Our thanks are due to Professor J. F. Thorpe, C.B.E., F.R.S., for 
his kind help and encouragement and to Dr. A. E. Dittstan and Dr. 
F. B. Thole for their interest in the present work. 


ANGLO-PERSIAN Orn Co., LTD., 
SUNBURY-ON-THAMES. [Receiwved, June 13th, 1925. ] 


CCLX.—The Action of Formic Acid on certain 
Sesquiterpenes. 


By Joun Monteata RopBertson, Cart Atoysius Kerr, and 
GEORGE GERALD HENDERSON. 


THE experiments described below were undertaken last year as 
part of a larger investigation which is not yet complete, but it 
appears desirable to communicate the results now, in view of the 
interesting work carried out recently by Ruzicka and Capato 
(Helv. Chim. Acta, 1925, 8, 259). 

The action of anhydrous formic acid as a means of effecting 
ring closure in the sesquiterpenes is now well established. Semmler 
and Spornitz (Ber., 1913, 46, 4025) ascertained the transition of the 
aliphatic sesquiterpene from Java-citronella oil into a monocyclic 
isomeride by the action of concentrated formic acid. Ruzicka and 
Capato (loc. cit.) in their synthesis of bisabolene from nerolidol 
have now shown that the action of formic acid in the cold closes 
one ring in the nerolidol structure, whereas, by more prolonged 
action with the same reagent at a higher temperature, the closure 
oi two rings is effected, a hexahydrocadalene being thus produced. 
They also observed the sang of alcohols as intermediate 
compounds. 

This reagent may also acts in another way, as was shown by 
Wallach (Annalen, 1896, 289, 337), who found that on refluxing 
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pulegone with anhydrous formic acid for several days, acetone and 
1-methyl-3-cyclohexanone resulted. 

We have investigated the action of anhydrous formic acid on 
the dicyclic sesquiterpenes ®-caryophyllene and cadinene and on 
the tricyclic sesquiterpene cedrene, and our results support the 
above conclusions with regard to the efficacy of this reagent in 
producing isomeric hydrocarbons and in effecting ring closure. 

From £-caryophyllene we obtained the formic ester, C,,H,,0., 

of caryophyllene alcohol, together with a mixture of hydrocarbons, 
probably consisting of clovene and unattacked caryophyllene. 
Since caryophyllene alcohol is a saturated substance and on 
dehydration yields clovene, it is presumably tricyclic. Hence in 
this case the action of formic acid has effected ring closure, the 
sesquiterpene passing from the dicyclic caryophyllene structure to 
the tricyclic clovene structure. 

The chief product from cadinene consisted of a hydrocarbon, 
or a mixture of hydrocarbons, C,;H,,, b. p. 118—124°/9 mm., 
which did not form a stable hydrochloride, together with some 
unchanged cadinene. On heating cadinene in an autoclave, 
Semmler and Jakubowicz (Ber., 1914, 47, 2252) obtained a sub- 
stance, b. p. 120—130°, d 0-9025, np 1-50829, which they considered 
to be a monocyclic sesquiterpene mixed with cadinene. The product 
we obtained agrees closely with the above in its physical properties. 

Cedrene yielded as chief product an isomeric unsaturated hydro- 
carbon, b. p. 114—118°/9 mm., some unchanged cedrene, and a 
small fraction of higher boiling point in which the presence of 
alcoholic. compounds is suspected. 


EXPERIMENTAL 


Action of Formic Acid on B-Caryophyllene.—®-Caryophyllene was 
prepared by fractional distillation under diminished pressure of the 
commercial hydrocarbon which had stood for some time in contact 
with solid potassium hydroxide. The main product had b. p. 
118—119°/9-7 mm., nti 1-5009, di? 0-9052, and gave a practically 
quantitative yield of the crystalline dihydrochloride of 8-caryo- 
phyllene, m. p. 69°; [a] + 67-2° in 2-5% ethyl-alcoholic solution. 
Caryophyllene (25 c.c.) was heated under reflux with an equal 
amount of formic acid for several days. A reaction set in at once, 
and when completed the excess of acid was neutralised with sodium 
carbonate, and by extraction of the mixture with ether an oil was 
obtained which after several fractionations yielded a colourless 
liquid, b. p. 141—145°/10 mm., di? 1-22, nj’ 1-4967, [«]i, — 10-46°. 

_ Analysis indicated that this liquid was the formic ester of caryo- 
phyllene alcohol, C,,H,,O(CHO) (Found: C, 76:9; H, 10-5. 


F | 
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C,¢H.,0, requires C, 76-8; H, 10-4%), and this was confirmed by 
hydrolysis of the ester, when the alcohol was obtained in crystals, 
which, after recrystallisation from ether—light petroleum, melted 
at 96°. The yield of the ester was about 35% of the caryophyllene 
taken. The other fractions of the distillation, b. p. 115—130°/10 


mm., consisted of hydrocarbons. Heating caryophyllene in a 


sealed tube at 200° with anhydrous formic acid for 5 hours did not 
lead to an increased yiela.of the formic ester. 

Action of Formic Acid on Cadinene.—Cadinene was prepared from 
the dihydrochloride, m. p. 118°, by regeneration with anhydrous 
sodium acetate in glacial acetic acid solution. Equal quantities 
of cadinene, b. p. 134—136°/11 mm., d? 0-9189, ni 1-5079, 
[alis, — 125°, and 99% formic acid were heated together under 
reflux at 100° for 40 hours. The liquid slowly became red. After 
neutralisation, the products were extracted with ether and hydro- 
lysed. The final products were distilled under diminished pressure. 
After several distillations two main fractions were obtained : 
(a)'b. p. 118—124°/9 mm. and (b) b. p. 126—134°/9 mm., together 
with some brown resinous substances. The fraction (a) consisted 
ofjan unsaturated hydrocarbon, di? 0-9086, ni 1-5010 (Found : 
©, 87-3; H,12-1., .C,,H.,. requires ‘C,'88-2;" 1H, 11859, ) see 
fraction (b) consisted chiefly of unchanged cadinene. 

Action of Formic Acid on Cedrene.—Cedrene, purified by dis- 
tillation over sodium, b. p. 122—124°/9 mm., d 0-9361, np 1-5005, 
was treated with formic acid in the same way as cadinene, and 
the products were worked up as before. After a large number of 
distillations under reduced pressure, the following fractions were 
obtained: (a) b. p. 114—118°/9 mm., comprising about 50% of 
the product; (6) 118—130°/9 mm.; (c) 130—135°/9 mm., a small 
fraction. The fraction (a) consisted of an unsaturated hydrocarbon, 
d* 0-9333, n> 1-4988 (Found: C, 87-9; H, 11-9. C,,;H,, requires 
C, 88:2; H, 11-8%), from which no derivative could be obtained. 
It appears to be tricylic from its physical constants. The fraction 
(b) consisted chiefly of unattacked cedrene The- fraction (c) 


appears from its analysis to contain alcoholic substances as well 


as hydrocarbons (Found: C, 84:8; H, 11-25%), but only a small 
quantity was available. 


We are indebted to the Carnegie Trust for grants which enabled 
us to carry out this work. 


UNIVERSITY OF GLASGOW. [Received, June 13th, 1925.) 
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CCLX1.—Cryoscopic Measurements with Benzene. 
By Epwarp RicHArRD JoNES and CHartes R. Bury. 


THE object of the work described in this paper was to see how far 
certain conclusions, reached in the study of nitrobenzene as a solvent 
ior cryoscopy, could be applied to benzene, a far more important 
solvent from the point of view of ordinar# laboratory practice. 
First, the most important source of error is the change in water 
content of the solvent: this is usually overlooked with benzene, 
but is by no means negligible in accurate work (Sidgwick, J., 1920, 
117, 1840). The difference between the freezing point of dry and 
of wet benzene is 0-097° (Sidgwick, loc. cit.; Richards, Carver, and 
_ Schumb, J. Amer. Chem. Soc., 1919, 41, 2024). This error can be 
easily avoided by keeping the solvent in contact with a substance 
the aqueous vapour pressure of which is constant (Roberts and 
Bury, J., 1923, 123, 2037). 
Secondly, the usual van ’t Hoff formula is strictly true only at 
infinite dilution; with depressions up to about 0-5° the error due 
to the use of this formula is less than the experimental error. At 
greater concentrations, however, far more accurate results may 
be obtained from the formula discussed by Brown and Bury J., 
| 1924, 125, 2219) : 
Aty + Aty = k[ny + Cn ]/[%u + (1 + C)ne), 

where At, is the observed depression, n, and n, are the number of 
mols. of solute and solvent respectively, Af, and C are constants 
_ depending on the degree of moisture of the solvent, 7.e., on the 
_ vapour pressure of the substance with which it is in contact. These 
have been calculated by the method described by Brown and Bury, 
assuming that the freezing point of benzene is a linear function of 

the aqueous vapour pressure (Crowther and Puri, Proc. Roy. Soc., 

1924, A., 1406, 232). For the substances used in this research the 

values are : : 


| Aq. vap. 

a pressure. Abus G, 

: Phosphorus pentoxide, alumina... 0-0 mm. 0 0 

a.SO,,0—10H,O © ...0.......e0ceess 4-40 0-063° 0-00094 
BNE hs ibn sh Baca sb ) ase b geen he «5a 6-76 0-097 0-:00145 


With this formula it should be possible to detect combination 
between solute and solvent, or solvation (Washburn, “ Principles of 
Physical Chemistry,’ 1915, p. 174). If every molecule of solute 
combines with N of solvent, the number of mols. of solute is 
unaltered, but the number of mols. of solvent is reduced by Nn, : 
when NV is 1, and the solvent is dry, the formula given reduces to 
that of van *t Hoff. Azobenzene, triphenylmethane, picric acid, 
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and trinitrotoluene, all of which separate from benzene with 1 mol. 
of benzene of crystallisation, have been studied to see if solvation 
can be detected. The existence of solid compounds is, of course, 
no proof that these substances form compounds with benzene in 
solution. It is, however, probable that the compounds of picric 
acid and trinitrotoluene with benzene exist in solution, since 
similar compounds, such as naphthalene picrate, are not entirely 
dissociated in inert solvents (Brown, this vol., p. 345). 


ExPERIMENTAL. 


The benzene used was a pure thiophen-free sample supplied by 
- Robinson, Nelson and Co., and was further purified by the method 
described by Roberts and Bury (loc. cit.). The substances used as 
solutes were chosen with the idea of covering as wide a range of 
types of compounds as possible, and were all purified by repeated 
crystallisation. 

The usual Beckmann method was employed. All depressions 
recorded are the mean of at least three closely agreeing deter- 
minations. After a number of preliminary experiments, it was 
decided that the loss of solvent by evaporation could not be avoided 
without seriously complicating the apparatus, but was negligible 
provided the experiment did not last more than 2} hours. 

The degree of supercooling attainable varies rather remarkably 
with conditions: with very pure and dry benzene it is difficult to 
get that small amount of supercooling which is essential to the 
Beckmann method; with the wet solvent, however, it is difficult 
to avoid a supercooling of 2°. 

The freezing point of benzene has been found to be much more 
susceptible than that of nitrobenzene to errors due to friction and 
radiation, depending on the rates of stirring and the temperature 
of the bath. These were minimised as far as possible by maintaining 
a standard rate of stirring and by keeping the bath temperature 
1—1-5° below the freezing point. In working with the dry solvent 
in the presence of phosphorus pentoxide, the usual precaution of 
passing dry air through the apparatus could not be used on account 
of the volatility of the solvent; consequently the phosphorus 
pentoxide soon became sticky, and the frictional effects generated 
by stirring made the determination of the freezing points difficult. 
Alumina was found to be nearly as efficient as a drying agent, and 
free from this disadvantage. 


Conclusions. 


A typical selection of the results obtained with normal solutes is 
given in Table I; the first column gives the weight of solute per 
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100 g. of solvent (W), the second the observed depression; and the 
third the molecular weights (M) calculated from the above formula. 
The solute, its molecular weight, and the degree of moisture of the 
solvent are given at the head. (Na,SO, signifies that the solvent 
was partially saturated, in contact with the salt hydrate pair 
Na,SO,,0—10H,0.) It is obvious that the calculated molecular 
weights are more consistent and accurate than are obtained by the 
usual Beckmann method, 7.e., by using the van ’t Hoff formula, and 
neglecting the changing water content of the solvent. 


TABLE I. 
Naphthalene (128-1), dry (P,0;).__p-Dibromobenzene (235-9), dry (Al,O,). 

W. (g.). Atu- M. W (g.). Aty. M. 
2-504 1-005° 128-3 5-147 1-119° 236-4 
3-204 1-283 128-1 9-933 2-130 236-0 
5-009 1-984 128-1 11-811 2-519 235-9 
5-935 2-338 128-1 13-963 2-949 236-6 
6-345 2-491 128-2 16-573 3-479 236-1 
7-706 3-001 128-2 19-473 4-060 235-5 
10-725 4-112 128-0 21-965 4-547 235-4 

Naphthalene, Na,SQ,. p-Dibromobenzene, Na,SQ,. 
1-855 0-745 128-4 5-645 1-223 236-5 
3-802 1-515 128-0 8-309 1-790 235-7 
7-510 2-930 127-9 9:682 2-073 236-1 
9-150 3-529 128-1 12-317 2-621 235-6 
12-117 4-603 127-9 14-977 3-158 235-7 

Naphthalene, saturated. ~* Camphor (152-2), Na,SO,. 

1-911 0-770 127-9 2-901 0-984 151-6 
3-106 1-243 127-8 4-488 1-505 152-1 
6-324 2-476 128-1 5-733 1-912 152-0 
9-028 3-486 127-9 8-641 2-834 152-3 
11-701 4-45] 127-9 10-605 3-461 151-6 
Anisole (108-1), Na,SO,. Azobenzene (182-2), Na,SQ,. 
2-515 1-192 108-1 3-806 1-071 182-5 
4-060 1-907 107-9 5-702 1-594 182-2 
7-976 3-649 107-8 6-865 1-907 182-5 
9-171 4-161 107-9 8-432 2-331 182-2 
10-257 4-629 107-6 10-473 2-866 182-5 


The results obtained with the dry solvent, and quoted in this— 
table, were used to calculate k. Assuming the theoretical molecular 
weights, the mean value found was 66-95, and this has been used'in 
calculating the figures in the third column. This value corresponds 
to a value of 52-27 for the van ’t Hoff constant, and 29-53 ecals:for 
the latent heat of fusion of benzene. The published values for 
the latent heat are somewhat conflicting, and vary from 29-1 to 
30-7 cals. : most direct determinations of the van ’t Hoff constant 
are rather lower than 52-27, but it must be remembered that low 
values for this constant must always be obtained when working 
with solutions that are not infinitely dilute (Brown and Bury, loc. 
ctt.). 

Be. CXXVII. | 3U 
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With benzene, in which water is only very slightly soluble, little 
error is introduced by neglecting the water content of the solvent in 
calculating molecular weights, provided, of course, that it is kept 
constant during the experiments. If C and At, are put equal to 0, 
as when working with the dry solvents, the calculation 1s considerably 
simplified, and the error introduced is only about 0:2%. 

We have obtained no definite evidence of solvation. Azobenzene 
(Table I) is a perfectly normal solute. With picric acid and tri- 
nitrotoluene, the deviation that might be expected if solvation 
occurs is masked by a deviation in the opposite direction, possibly 
due to association. Triphenylmethane appears to be solvated but 
is, unfortunately, too insoluble for the evidence to be conclusive. 
The maximum depression obtainable is rather less than 0-8", and such 
small depressions are liable to an experimental error of 0:5%, which 
is comparable with the theoretical deviation (1%) to be expected 
if solvation occurs. Values of & and of the van ’t Hoff constant K, 
calculated from the experimental results with triphenylmethane, 
are shown in Table II. The van ’t Hoff law appears to fit the 


Tassie II. TaBLeE IIT. 
Triphenylmethane (242-2), Na,SO,. Tetrachloroethane (167-9), dry (Al,O3). 
| Wz. (g.). Alu. k. Hes W. (g.)- At. M. k. 
2:434 0:521° 67-53 52-27 2°888 0-888° 167-7 67-01 
2:567 0-550 67-63 52°33 4-314 1-315 168-1 66-87 
2-617 0-560 67-56 52-26 5-561 1-692 167-5 67°12 
2:934 0:627 67-54 52-19 8-117 2-450 166-9 67-36 


3:212 0-689 67:84 52-39 12-587 3:769 164-7 68-16 
3:356 0-718 67°71 52-26 14-691 4-380 163-9 68°49 
3°526 0-755 67:78 52-29 17-304 5:147 162-2 69-11 
Mean 67:66 52:28 
Theory 66-95 52-27 


results better, which indicates solvation, for the mean value 
of K is nearer than that of k to the values of these constants 
obtained with normal substances; & shows a distinct tendency 
to increase with the concentration whilst the variation of K is 
haphazard. 

Substances tend to be more abnormal in benzene than in nitro- 
benzene. No solute which has been found normal in benzene, and 
which has also been studied in nitrobenzene, has proved to he 
abnormal in the latter solvent, but many solutes, normal in nitro: 
benzene, are abnormal in benzene, e.g., picric acid, trinitrotoluene 
methyl oxalate, «-nitronaphthalene, tetrachloroethane, and benzil 
In the majority of cases these substances appear to be associated 
and we hope to discuss this phenomenon fully in a later paper 
Tetrachloroethane behaves in a somewhat unusual manner: it i 
normal in dilute solution, but the law for normal substances 
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breaks down at higher concentrations: as shown in Table III, 
the calculated molecular weights are too small at the higher 
concentrations. 


One of us (E. R. J.) desires to acknowledge his indebtedness for 
a Garrod Thomas research scholarship of this College. 
Epwarp Davies CHEmicat LABORATORIES, 


UNIVERSITY COLLEGE or WALES, 
ABERYSTWYTH. [Received, June 29th, 1925. ] 


CCLXII.—The Condensed Ternary System Phenol 
Water—Salicylic Acid. 


By CHarLes Rreynoups BalLey. 


TERNARY systems containing water and two organic substances 
have attracted workers on phase rule questions because of the 
varied phenomena which are to be met with. In one or more of 
the binary systems concerned, an upper or lower critical solution 
temperature frequently occurs and two liquid layers are to be 
found; references to many systems will be seen in Vols. II, li, 
and III, ii, of Roozeboom’s “‘ Die Heterogenen Gleichgewichte ” 
and in Tammann’s work on the same subject. Difficulties in the 
quantitative analysis of such systems where mixtures of organic 
substances are involved have generally led to the restriction of 
their examination to the “synthetic” method; this method 
neglects the possible. formation of mixed crystals; in the present 
research both analytic and synthetic methods have been applied. 

_ The system phenol—water-salicylic acid was chosen as it presents 
certain features of considerable interest and it was anticipated that 
by the interplay of these characteristics important solubility rela- 
tions would arise. Some of the chief points are: (i) the binary 
system water-salicylic acid gives two liquid layers in the meta- 
Stable region; (ii) the system phenol-water has two liquid layers 
in the stable region and the phenomenon of “ melting under the 
liquid *’ occurs at an easily accessible temperature; (iii) salicylic 
acid has very slight solubility in water but a much higher solubility 
in phenol. 

By use of the synthetic method it has been possible to extend the 
research well into the metastable region. In applying the analytic 
method the mixtures were stirred in a thermostat, the one or two 
liquid layers sucked off and, together with the moist residue, 


analysed as indicated below. 
3U 2 
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The Binary Systems. 


(1) Phenol-Water.—Temperature—concentration diagrams have 
been given by Smits and Maarse (Proc. K. Akad. Wetensch. Amster- 
dam, 1911, 14, 192) and by Rhodes and Markley (J. Physical Chem., 
1921, 25, 527). The former workers do not give the concentrations 
which correspond to many of the phase changes, although the 
temperatures are in general agreement with those obtained by the 
latter workers. No trace of the stable phenol hydrate was observed 
in the present research and the values for certain binary and ternary 
mixtures are strictly metastable. The two-liquid-layer area has 
been explored by a large number of workers and no two deter- 
minations seem to agree, the departure from the mean being 


Fic. 1. 


Temperature. 


greatest at high temperatures. In many cases this is due to the 
use of impure materials and in others to inaccurate use of the 
synthetic method. Most workers have taken as the critical satur- 
ation temperature the mean between the temperatures of clouding 
and clearing. If, however, the very definite temperature of sudden 
thickening is taken, it is possible to get readings concordant to 
0-1° and agreeing with those of Timmermans (Z. physikal. Chem., 
1907, 58, 129) and with the values obtained by analysis of the two 
liquid layers after the mixture has completely cleared in a thermo- 
stat. The difficulty does not occur to the same marked extent at 
lower temperatures, and it is possible to correct the concentration 
given by Rhodes and Markley (loc. cit.) for the point D (Fig. 1) 
where solid phenol is in equilibrium with a water-rich solution. 
The concentration given is 10-0% phenol at 1-7°, which is well 
inside the two-liquid layer area: the true concentration at this 
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point is 7:6% and agrees with a redetermination made by the 
present author by thermal analysis. 

The important temperatures in the system are as follows, the 
letters referring to Fig. 1 :— 


TABLE [., 
Point. % Phenol. Temp. 
A 100-0 40-8° M. p. of pure phenol 
B 75-0 1-7 
C 36-5 65-3 Crit. soln. temp. 
D 7-6 1-7 
E 6:5 —1-2 Eutectic 
F 0-0 0-0 M. p. of ice 


(2) Salicylic Acid—Water.—Here again many incomplete deter- 
minations are to be found in the literature; the values for the 
solubility of salicylic acid in water are extremely divergent: the 
most recent data, due to Savorro (Atti R. Accad. Sci. Torino, 1914, 
48, 948) are not only above the mean of the best data available, 
but exhibit several breaks in the curve which do not correspond 
to any accompanying phase change. The values obtained in the 
present research (Table II) coincide with those of Walker and 
Wood (J., 1898, 73, 620) up to 30°, but are slightly and uniformly 
larger at higher temperatures. A fresh determination of the meta- 
stable region has been made and the results differ slightly from 
those of Flaschner and Rankin (Monatsh., 1910, 31, 23). <A careful 
determination of the eutectic ice—-salicylic acid places this at — 0-07° 
and 0-103° salicylic acid. 


TABLE II. 
(The values are given in grams per 100 g. of solution.) 
Metastable. 
Stable. ooo 
ee Water Salicylic 
% Sal. Temp. layer. layer. Temp. 
: 0-131 10-0° 4-4 69-6 60-0° 
0-184 20-0 6-5 64-6 70-0 
: 0-261 30-0 9-8 55-9 80-0 
0-395 40-0 15-0 46-0 85-0 
0-592 50-0 30-0 30-0 87-0 
0-864 60-0 


(3) Phenol—Salicylic Acid—This system does not appear to have 
been previously investigated. Walden (Z. physikal. Chem., 1920, 
94, 331) found that the depression of freezing point of phenol by 
Salicylic acid was normal. In the present case thermal analysis 
was resorted to; at the higher temperatures near the melting point 
of the acid, mixtures were sealed in glass tubes, and the tem- 
peratures of appearance and disappearance of the solid phase 
noted. At the lower temperatures the eutectic halts were measured. 
} 


4 
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and it was found that their prolongation met the composition 
axis at 100° salicylic acid. Hence the system offers a simple 
eutectic at 5-0°% salicylic acid and 38-16°. The results are given 
in Table III. For the mixture containing 1:5°% acid the lowering 
of the phenol freezing point is 0-8°; if the cryoscopic constant for 
phenol is taken as 72-7, the molecular weight of the acid is 138-7 
(calc. 138-1). 


TaBLeE III. 
Wt. % of Duration of 
salicylic Temp. of halt in 

No. acid. Temp. eutectic. minutes. 

1 0-0 40-80° — — 

2 1-64 39-95 — — 

5} 3°17 39-12 38:10° 18 

4 4-39 38-47 38-16 25 

5 5:00. 38-16 38-16 28-5 

6 7-38 45:9 38:18 28 

a 10-09 55-6 38:07 27°5 

8 14-2 65-6 379 26 

9 27:5 89-2 38-0 2a 

10 ~ 46-0 113-5 — — 

Il 60-0 128-7 38-0 — 

12 81-8 147-2 — — 

13 94-9 157-0 — _— 

14 100-0 160-4 a — 

EXPERIMENTAL. 

Materials —(i) Phenol. ‘The detached crystals marketed by the 


British Drug Houses seem to be a very satisfactory product, and 
preserve their whiteness unchanged even on long exposure to 
light. They were twice distilled and the end portions rejected in 
each case; the product obtained melted at 40-8°. 

(ii) Salicylic acid. Both the commercial variety and the physio- 
logically pure acid were used. The samples were recrystallised by 
dissolving in boiling water and pouring into cold: the process was 
carried out four times. This removes completely the sweet smell 
characterising the commercial acid, which is nevertheless of a high 
degree of purity nowadays. The brown colour found in specimens 
of the physiologically pure acid is not removed in this way. The 
older methods for effecting this involved distillation in steam o1 
solution in glycerol, whereas it was found best to dissolve the acid 
in a hot mixture of phenol and water; on cooling, the colourless 
acid was precipitated and a further supply was obtained by adding 
water to the mixture. If the solution of the acid in hot water 
is allowed to cool slowly, the peculiar formation of crystalline 
threads may be observed (Nature, 1923, 112, 10). After the last 
two crystallisations the m. p. was constant at 158-7°; when allow- 
ance is made for stem exposure, this figure is increased to 160-4°, 
a result much higher than is usually found in the literature but 


PHENOL-WATER-SALICYLIC ACID. 1955 
agreeing with that of W. J. Bush and Co., Ltd. (Perfumery and 
Essent. Oil Rec., 1920, 14, 207). The value was checked by observ- 
ations both on a single crystal in a melting point tube and also 
by cooling curves on a large bulk of the acid. 

Analysis of Solutions.—Phenol was estimated by the bromide— 
bromate method (for details, see Redman, Weith, and Brock, 
Ind. Eng. Chem., 1913, 5, 389). 

Salicylic acid can be directly estimated with baryta; the indicator 
chosen was p-nitrophenol with titration to a colour match. Kolthoff 
(Pharm. Weekblad, 1921, 58, 699) has examined the bromometric 
method in use for phenol as applied to salicylic acid; by careful 
standardisation of conditions he obtained concordant results. The 
present author finds that with reasonable care reproducible results 
are obtained for one and the same concentration of acid, but if 
that concentration is varied the titre value does not change pro- 
portionally. Curves correlating concentration and bromide—bromate 
titre were constructed but found too complicated to be of use. 

Phenol and salicylic acid in mixture in aqueous solution were 
analysed by various methods, of which the most successful were 
the following : 

(i) By separation and subsequent determination: the phenol 
was extracted several times with small quantities of ether or chloro- 
form from a solution containing a slight excess of sodium bicarbonate 
and the extracts were added to caustic soda solution. It was found 
necessary to drive off all traces of the organic solvent before bromin- 
ation, as, peculiarly enough, much less bromine was taken up in 
its presence. 

(ii) The method finally adopted was to determine first the 
salicylic acid alone; this can be effected by titration with baryta and 
p-nitrophenol indicator, since by keeping the phenol in low con- 
centration it has no effect on the indicator. It was then ascer- 
tained by careful varying of the concentrations that the presence of 
the one substance does not affect the bromination of the other in 
‘mixtures of phenol and salicylic acid. The total bromide—bromate 
‘titre was accordingly determined for a given volume of the solution 
‘and the same volume of the solution was then evaporated to dryness 
‘with excess of sodium bicarbonate solution; this treatment was 
shown to be sufficient to drive off the phenol and leave the acid 
‘as the sodium salt, which was then brominated. The difference 
between the two titres gives the phenol in the mixture, since it 
‘has been shown above that with the same concentration of salicylic 
acid reproducible results can be obtained on bromination. 

Water was determined by difference. 

The mixtures were stirred in a thermostat for temperatures 
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between 20° and 70°. When equilibrium (which was approached 
from both sides) had been attained, the solution was sucked off 
through a side tube with filter into a stoppered flask and weighed, 
transferred to a measuring flask, and made up to a known volume. 
The conjugate solutions in the case of two liquid layers were 
allowed to settle out from the emulsion formed and sucked off; 
fortunately at the higher temperatures the clearing was only the 
matter of an hour or so; at the lower temperatures a longer period 
of standing was necessary. The moist residues were analysed 
similarly to give the solid phase. 

The ternary system was also explored by the synthetic method 
for control purposes and to investigate the metastable region. 
Varying amounts of salicylic acid were added to known mixtures 
of phenol and water and the temperature of sudden thickening was 
determined; separate determinations agreed to within 0-1°. The 
work was carried out in sealed tubes. At the same time the tem- 
perature of the beginning of critical opalescence was determined ; 
it was found possible to obtain reproducible readings within 0-5°. 
Curves were then constructed showing the relation between the 
above temperatures and the concentrations of salicylic acid in the 
particular mixture; from a given series of curves the percentages 
of salicylic acid present at constant temperature can be laid 
off: then on the usual triangular diagram the points on the 
phenol-water axis representing the different initial mixtures taken 
can be joined to the salicylic acid vertex; the percentages of acid 
obtained from the previous curves can be marked directly on to 
the triangular diagram and hence the isotherms are obtained 
(Figs. 2 and 3). It was found possible to complete the larger 
number of isotherms having metastable prolongations and so to 
explain the rather peculiar shape of the binodal curves. In this 
way two distinct series of isotherms are got and it is interesting 
to contrast one with the other (Figs. 2 and 3). Both temperatures 
from their reproducibility seem to be characteristic of the particular 
mixture under consideration, but it is difficult to trace any relation- 
ship between them; there are cases in which the addition of further 
quantities of the third component lowers the temperature of sudden 
thickening but actually raises the temperature of beginning of 
opalescence. There is apparently a ‘“‘ knoll’”’ on the contour system 
for the critical opalescence which finds no corresponding feature 
on the system as determined by analysis or by the sudden thicken- 
ing (the last two methods giving concordant results). Andant 
(J. Phys. Radium, 1924, 5, 193), in an examination of the opales- 
cence of a liquid and its vapour at the critical temperature, was 
able to show that the intensity and duration of the opalescence 
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varied with the ratio of the volume of liquid to that of vapour, 
passing through a maximum when the ratio was unity. In the 
case of binary and ternary mixtures where the upper liquid layer 
bears some rough analogy to the vapour phase in the unary 
equilibria, the correspondence would predict a condition of maxi- 
mum opalescence for mixtures which are in the neighbourhood of 
the critical point on the particular binodal curve under consideration, 
This is roughly borne out by the experimental results, as will be 
seen on reference to Table V; in mixtures containing a large pro- 
portion of any one constituent, and hence generally resolving into 


- Phono 


Critical opalescence isotherms. 


two liquid layers with a large volume ratio, the temperatures of 
critical opalescence and critical thickening coincide almost exactly. 

At temperatures below 20°, the system was examined by thermal 
analysis in a vacuum vessel; the curve which gives the displace- 
ment of the temperature at which solid phenol can exist in contact 
with two liquid layers on addition of the third component was 
obtained in that way. 

No compounds or mixed crystals were observed during the in- 
vestigation. 

The Isotherms. 


A selection of the tabulated results will be found at the end of 
the paper. The two series of isotherms illustrated in Figs. 2 and 3 
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contain only the binodal curves; the inclusion of the saturation 
curves for solid salicylic acid would have complicated them unduly. 


Ja ce pas p 


f 


Fhenor JE" OF? &3S° OF” Do" ae 
Binodal curves as determined by analysis. 


Fic. 4. 


Sabicypbic acid 


and, secondly, the individual isotherms in order to obtain a grasp 
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of the many phase changes which may take place within narrow 
temperature limits. 

The Polytherm (Fig. 4)—The actual conditions in the bottom 
right hand corner of the diagram have been exaggerated somewhat 
in order to render them apparent; the necessity for this will be 
readily seen on consideration of the values given below (Table IV). 
The arrows indicate the direction of rising temperature. To 
indicate the phases present the following symbols will be adopted : 
Solid salicylic acid 8; solid phenol P; ice W; and where two 
coexistent liquid phases are possible: (low uo content) layer 
rich in phenol L,, layer rich in water L,; (low phenol content) 
layer rich in acid Lg, layer rich in water L,. Metastable results 
throughout are enclosed in square brackets. 


Tasie IV. 
Percentage by weight. 
EN 
Temp. Phenol. Acid. Water. 
Binary equilibria : — 
A. + W ese pet oa 0-103 99-9 
a) oP + W } Eutectics ......... — 1-20 6:5 os 93-5 
fr. S+Ww | 38-16 95-0 5-0 ib 
C. P+L,)\ P. in equil. with (1-7 7:6 a 92-4 
D.. P+ I two liq. layers . (1-7 75-0 —— 25-0 
F. L,+L 65:3 36-5 — 63:5 
M, [L, Ly} Critical points {375 ae 30-0 70-0] 
Ternary equilibria :— 
K. S+P+4+W Eutectic —1:3 6:5 0-2 93-3 
ted 2) AOD: DOLGWG: Pi sheosnscssssucese 61-2 20-4 7:6 72-0 
Oe Faget St ee Ey ee 63-4 21-7 12-7 65-6 
G S+P+4+1L,) Two liquid ( —0°6 6-6 0-2 93-2 
layers, S 
D SAsPi+ at eeecy | —0-6 69-9 4-2 25-9 


According to Schreinemakers’s generalisation (Z. physikal. Chem., 
1898, 25, 320) the temperature of melting under the liquid is 
depressed by the addition of a third substance when that substance 
is more soluble in the liquid layer which is rich in the “ melting 
constituent.” This is again confirmed: solid phenol is in equi- 
librium with two liquid layers at D and C; on addition of the 
acid the temperature and concentration of the ternary univariant 
phenomenon shift from B-—G and C—J (from 1:7° to — 0-6°). 
The points K (the ternary eutectic) and J are so near to each other 
that the equilibria JK are practically unrealisable. K, G, 
and J are system invariant points, since four phases and vapour 
are in equilibrium at constant pressure. F-—>»I shows the progress 
of the phenol-water critical point on the addition of salicylic acid ; 
the latter is soluble to some extent in both liquids and consequently 
produces a slight lowering of temperature from 65-3° to 61-2°. 
At I (61-2°), this binodal surface touches another Epes) surface 

3 U* 2 
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at a second critical point; the two critical points then disappear 
and with lowering of temperature two binodal curves are obtained 
for any one temperature which have their end points not on the 
same base of the triangle but on S—W and P—W. The appear- 
ance of the second binodal area is due to the fact that the meta- 
stable binodal surface cuts the saturation surface of salicylic acid 
and has thus a stable portion. G->H and J —H give the com- 


position and temperature of the univariant points where solid sali- 
cylic acid is in equilibrium with two liquid layers; again we have a 
curve showing the transition of the melting point under the liquid, 
but in this case the solid phase which melts is the third component. 
At H, the metastable binodal surface touches the saturation surface 
of salicylic acid internally at a critical point. 

The Isotherms.—Certain representative isotherms have been 
chosen and require little elaboration. The diagrams are to some 
extent schematic, for it has been necessary to enlarge the con- 
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ditions in the water corner in order to render them visible; they 
represent accurately the nature of the phase changes which occur. 
It will be seen that the solubility of salicylic acid is much greater 
in the mixed solvents than in either alone: at 68-8° the solubility 
of the acid in water is 1-3 g. per 100 g. of solution, in phenol 15-4 g., 
and at the maximum on the ternary solubility curve, 30-1 g. 
Below 40-8° solid phenol makes its appearance (see Fig. 11); and 


below 38-2° (Fig. 12) we have a three-phase area where S and P 


Fic. 9. Fic. 10. 


are in equilibrium with solution. From 1:7° to — 0:6° P can be 
in equilibrium with two liquid layers; between these two tem- 
peratures at, say, 1-0°, there are three three-phase areas (Fig. 13), 
the area of two coexistent liquid phases being very small. Below 
— 0:6° no two liquid layers are observed (Fig. 14) and finally 
below — 1-3° the system “‘ dries up.”’ 

The binodal curve is a distribution curve and the distribution 
ratio has been determined at 25°. It has been possible to trace 
only one case where phenol and water have been used as the two 
immiscible liquids : in this case potassium iodide was found to have 
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more or less the same molecular weight in both solvents (Riesen- 
feld, Z. physikal. Chem., 1902, 41, 347). Table VIII shows that, 
after correction for the ionisation of the acid in the water layer 
(a very small effect, since K = 0-001), the ratio C,,/C, approaches 
constancy as the concentration of acid increases. 


Fie. 13. Fia. 14. 


-0°3° 


Numerical Results. 


In the following tables a selection of the more important data 
for some of the isotherms examined has been made; metastable 
results throughout are enclosed in square brackets. In order not 
to complicate the isotherms unduly and to help in the comparison 
of the temperatures of critical opalescence and solution, the results 
obtained by the synthetic method are recorded separately. The 
values given throughout are in weights °%. 


TABLE V. 
The Binodal Curves as obtained by the Synthetic Method. 


Under each mixture is given: first, the percentage of phenol in the original 
mixture, then the percentage additions of salicylic acid, and in the last two 
rows, the critical solution temperature (C. 8. T.) and the temperature of the 
beginning of critical opalescence (C. Op..). 


Mixture B: 9-2 phenol. 


AN: SOE 0-0 [5-8 68 7-7 11:7 35-4 45:5 58'S " Gbeag 
OS Bites 32-9 58-0 61:0 63:0 68-8 79:0 79:0 68:8 58-0 
COD IS ods oes 32-9 58:0 61:0 63:0 69:5 83:5 79:5 68-8 58-0 
Mixture C: 14:6% phenol. 
PAs RI peste +s 0-0 ° 3-5 5:9, [65 7-2 | 9:0 | 15°8)) 63-4 Saaaee 
OWT Pi Benoa 56-6 58-0 61:0 61:0 61:0 63:0 68-8 68-8 58-0 
COTM et cce 56-8 59:0 62:0 62-5 63:0 65:0 71:0 69:0 58-0 
Mixture K: 17:0% phenol. 
Weta: Ne vieane 00 65 88 [21:5 49-5 57-0 58-0] 
ORs phil bite, dri 59-7 61:0 63:0 68-8 68:0 63-0 58-0 
65:0 73:0 69:0 63:0 58-0 


CiOpr yc 60:0 64:0 
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TABLE V (continued). 


Mixture D: 20-6% phenol. 
5. eae 00 5:2 
Fa oe (Slane 62:0 61-0 
OE aa st gs 63:2 63-5 

Mixture E: 25-0% phenol. 
: A a, eee 0:0 1:3 
lec Ave Sisk 63-4 63-0 
EIN tas he 65-8 65-0 


: 29:9% phenol. 


OPE ay 0-0 22 
ee ad Waar ee pe 64-6 63-0 
CASE haan: 67-6 66-0 
Mixture G: 34:9% phenol. 
oe rae 0:0 23 
Co sgl BA 65:3 63-0 
Uh eas 67-3 68-0 
Mixture H: 41-7% phenol. 
Be Rak. 0-0 23 
Ng. A bese 65-0 63-0 
by 8s Feotrhy Oa A 68-3 66-0 
Mixture I: 50-8% phenol. 
Ce ets ER eg 0-0 1:6 
Sipe he beens 62:2 61:0 
C.Op.° ...n. 64:4 63-0 
Phases 
No. present. dz. 
1 § + soln. 1-0008 
2 y 1-0032 
3 ‘ 1:0057 
1-0080 
48+1L,+1L, {19640 
5 $+ soln. 1-0700 
6 > 1-0761 
7 P+S-4+ soln. 1:0785 
8 P+ soln. 1:0793 
9 t 1-0803 
1-0470 
pak ites te es {1-0070 
a f1-0500 
” \ 1-0072 
f 1-0529 
sl an | 1-0074 
(1-0544 
i» \ 1-0075 
14 f 11-0610 


\ 1-0078 


10:8 [28-0 45-3 


58:0 


TABLE VI. 
Temp. 25-0°. 
Solution. 


by W. 


— 99-78 
2-42 97-30 
5:05 94-55 
751 91-96 
59-07 32-16 
62-66 28-38 
83:00 10-68 
90-74 4:66 
93-10 4-4] 
95-70 4-30 
70-19 29-81 
8-43 91-57 
69-28 30-21 
8:35 «91-61 
67-41 30-78 
8-23 91-64 
65:79 31-09 
8-14 91-65 
60-80 31-64 
7:66 91-88 


M 


WA PHOBSSOSS 
Ha G2  & +1 Ot ym DO bO 
SCSOnnatwodet 


| 


SuSsyveree 
He Or ho = 00 OS Or 
ee BD Oo het He 


5:6 
10 63:0 68-8 68-8 
4-0 68:0 72:0 68-8 


42:4] 
58-0 
58-0 


1963 


Moist solid residue. 


P. 


WwW. 


S. 


80-6 
76-9 
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TABLE VII. 


Temp. 30-0°. 


Moist solid residue. 


Solution. 


Phases 


S 
0 
94-4 


1-3 
6 


P 

1 
4-3 
5 


Son aRroewAAASS 
S> Sd Sd 9 OD my 


OM OOOADMOMOIO AMS 


Fee ee ee 
ples) ~ DODDS 

| 

= 3 

ree Beer et 
sa «0 +9 © 
ao HS oe 
PO aa ae ioe ® 
== ok ee 
mM el Mm fly Ay 
OMAN H WOrDRO = 
7, = es 


Temp. 44-0°. 


° no ene ee | ml SiS oa eo! 
MYC 10 P= SOO OS rst | OWE NN OO Ht CT Op OO 
DHDHOKRNHHEK 1 WAODADADAIOS 
DAMWDMOANS CO DOD DOOD DOOD DOO 
DORDODRMANDDNDHOWOrMONN 
ID ASASEANRISORONAQAHS 
tH HHOORPDDOSHOHDH BO 
a eee ee ae a 
M 
A oe 
Oso — 
n n ++ n XT rey. AAS OK LE tay an n nw 
= anaes = 
MN HH mM = 


aN IOS TO SNS La N 


13 
14 
15 


Temp. 58:0°. 


S OD HOD HO OS OH 


SPAaArtaANoAoON 
= 


=) AN = 


ie Ss ae Women| Some omit Teun ae 


Ae Re eae ee 


rei “SH UD B= OO SH Ss 


L,+L,+5 {3 


iia Ss 


L,+1L, 
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TABLE VII (continued). 


Temp. 61-0°, 
28-1 51-9 20-0 
1 i,+1,+8 v6 80-9 5-6 
F S159 775 66 
2 i,+th, \ 28-3 59-7 12-0 No solid residues were 
3 f 19-3 74-7 6-0 determined for this and 
‘: (23-0 68-5 8-5 higher temperatures. 
4 130 75-7 5-0 
.: 29-0 63-0 8-0 
5 18-9 81-1 —- 
4 52-8 47-2 _ 
6 { — 95-4 4-6 
a — 32-8 67-2 
Temp. 63:-0°. Temp. 68-8°. 
Solution. Solution. 
—! Now Phases ~~, 
No. Phases present. tA S. presents, ¢ Pi We oo. 
1 §S + soln. — 99:0 1:0 1 S+soln. — 98-7 193 
2 $4 1 Os aR 3 Oe Sa 2 a 9-6 84-4 6:0 
3 id 14-2. 78:2., 7-6 3 PY 19-9 63-1 17-0 
(25-2 60-0 15-8 4 5 38:0 34:4 27-6 
ie ME 4-5. 77-9 -88-5  B 45-9 24-0 30-1 
5 S + soln. 34°22 45:2 20-6. 6 ; 60-0 15:0 25:0 
6 a 87-0 — 13-0 7 A: 84:6 — 15-4 
7 Crit. pt. (L, + L,) 31:8 65-3 2-9 
(43-0 55-1 1-9 
setucea We t 120-5 78-7 0-8 
9 23:0 77-0 — 
” {49.3 BOTA sac 
10 Crit. pt. (L; + L,) 18-0 72-0 10-0 
f16-0 75:0 9-0 
I eo (22:3 65-2 12-5 
“e f[— 95-4 46 
‘i \L— 31-4 68-6 


TaBLE VIII. 


The Distribution of Salicylic Acid between Phenol and Water at 25-0°. 
(The numbers refer to the corresponding points in Table VI.) 


C,, (after correction for ionisation) and Cy, the concentrations in the respec- 
tive “solvents, are given in grams per litre. 


No. Ga TL NO. Cy. OL) OuiCe. 
ll 0-38 5:36 00709 14 4:57 77°72  0-0570 
12 1:27. 19-07 0-0668 4 5:28 93:34  0-0565 
13 2:07 32:93 00629 
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CCLXIII.—Carboxycamphoramlic Acids. 
By Manan SrneuH and Ram SINGH. 


TINGLE and his co-workers (Amer. Chem. J., 1907, 37, 596; 38, 642 ; 
1908, 39, 1892), as a result of their researches on the intramolecular 
rearrangement of phthalamic acids, conclude that the Sart cH of 
these acids into phthalimides 


C,H <CO.H Pe CoHeB OHS ape Cee 


is dependent on ae following factors : (1) the nature of the group R, 
the stability of the acid increasing as R becomes more negative 
(stability : CO,H > NO, >OH > halogens) ; (2) the nature of the amine, 
the amine being more active, the more strongly positive it is; (3) the 
temperature; (4) the presence of a solvent such as ethyl alcohol. 
The reactions of camphoric anhydride with o-, m-, and p-amino- 
benzoic acids have now been investigated. ‘They proceed thus : 


Gel eae Ko O +H N-C,H,-CO,H = CHS ca a NH-C,H,-CO,H. 


The carboxycamphoranilic acids produced are very stable and 
have not been converted into camphorimides at various tempera- 
tures, in various solvents, or by treatment with mild dehydrating 
agents such as fused sodium acetate and anhydrous sodium sulphate. 
Hence it appears that if the imide is formed at all, it is so unstable that 
it is immediately hydrolysed. This may be due to the extreme 
negativity of the carboxyl group. 

The condensation product consists of only one acid in each case; 
whether it is the «- or the 8-camphoranilic acid (compare Singh 
and Biswas, J., 1924, 125, 1895) has not been determined. 

With regard to the optical rotations of the three carboxycamphor- 
anilic acids, (1) the o-carboxy-compound gives negative values; 
(2) a regularity can be observed between the molecular rotation 
and the position of the carboxyl group. In all solvents, the order 
is p>m>o; (3) for a given acid in different solvents, the rotatory 
power diminishes in the order: methyl alcohol, ethyl alcohol, 
acetone, methyl ethyl ketone. The dielectric constants of these 
solvents are 35-4, 20-8, 21:5, and 17-8, respectively. The rotatory 
power, therefore, is lowest in the solvent which has the lowest 
dielectric constant. 

EXPERIMENTAL. 

Condensation of Camphoric Anhydride with Aminobenzoic Acids. 
General Method.—Camphoric anhydride and the aminobenzoic 
acid (equal mols.) are heated together with fused sodium acetate. 
The product is dissolved in 80% alcohol (alcohol in the case of the 
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m-carboxy-compound) and precipitated by the addition of water 
and scratching, being decolorised by charcoal and by repetition of the 
process if necessary. 

2'-Carboxycamphoranilic acid, CO,H-C,H,,-CO-NH-C,H,-CO,H 
(temperature of condensation, 125—130°; time, 3 hours. The 
yield is seriously affected by variation in temperature, being 
almost nil above 160°) separates in crystals containing 3H,O. It 
melts at 75—80°, then shrinks, solidifies, and finally melts at 
199—200°. It is soluble in ethyl alcohol, methyl alcohol, or acetone, 
and sparingly soluble in benzene or chloroform (Found: C, 55-0; 
H, 7-1; N, 3-65; equiv., by titration with NaOH, 187-5. Found, 
in material heated at 75—80° for 1 hour: C, 64:4; H, 6:8. 
C,,H,,0,N,3H,0 requires C, 54:7; H, 7:2; N, 3-75%; equiv., 
dibasic, 186-5. C,,H,,0;N requires C, 63-95; H, 6-6%). 

3'-Carboxycamphoranilic acid (temperature of condensation, 
160°; time, 3 hours; yield nearly quantitative) is a white, amor- 
phous powder, m. p. 249°, which is soluble in ethyl alcohol, methyl 
alcohol, or acetone, but insoluble in benzene, chloroform, or ether 
(Found: C, 63:7; H, 69; N, 45; equiv., 161. C,,H,,0O,N 
requires C, 63-95; H, 6-6; N, 4.49%; equiv., 159-5). 

4’-Carboxycamphoranilic acid (temperature of condensation, 
140—145°; time, 4 hours; yield 95%) separates as a white, 
amorphous mass which melts at 149—150°, shrinks, re-solidifies, 
and finally melts at 212°. It is slightly soluble in water, readily 
soluble in ethyl alcohol, methyl alcohol, or acetone, but only 
very sparingly so in benzene, ether, or chloroform (Found : C, 60:05; 
H, 7-4; N, 4-2; equiv., 169-5. Found, in material heated for | hour 
at 135—145°: equiv., 160. C,,H,,0;N,H,O requires C, 60-5; H, 
6-8; N, 4:15%; equiv. 168-5. C,,H,,0;N requires equiv., 159-5). 


Molecular Rotations of the Carboxycamphoranilic Acids. 


Cone. 
Solvent.  g./25 c.c. Temp. ay [aly [47 ],. 
2’-Carboxycamphoranilic acid. C,,H.,0;N,3H,0. 
MeOH 0-0798 18° —1-00° — 157° — 584° 
EtOH 0-0974 - 17 — 1-20 — 154 — 574 
Me,CO 0-1624 17 — 1-92 —148 — 551 
MeEtCO 0-1294 17 —1-08 — 104-5 — 390 
3’-Carboxycamphoranilic acid, C,,H,,0;N. 
MeOH 0-1309 19 +1-53 +146 +466 
EtOH 0-0962 17 1-04 135 431 
Me,CO 0-1084 17 1-12 129 412 
MeEtCO 0-0714 Li 0-56 98 313 
4’-Carboxycamphoranilic acid, C,,H,,O;N,H,0. 
MeOH 0-0744 19 +1-52 +255 + 860 
EtOH 0-1155 17 1-98 214 722 
Me,CO 0-1046 17 1-76 210 709 


MeEtCO 0-0820 17 1-08 165 555 
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The readings were taken in a 2-dem. tube within 30 minutes of 
making up the solution. There was no mutarotation. 


The authors desire to thank Dr. H. B. Dunnicliff for guidance 
and practical help during this investigation. | 


GOVERNMENT COLLEGE, 
LAHORE, INDIA. [ Received, April 15th, 1925.] 


CCLXIV.—A Synthesis of Datiscetin. 
By JAN KAuFr and RoBERT ROBINSON. 


DATISCIN was isolated by Braconnot in 1816 (Ann. Chim. Phys., 3, 
277) from the leaves of the Bastard Hemp, Datisca cannabina, but 
his largely correct description was ignored and datiscin regarded as 
identical with inulin until the accurate work of Stenhouse (Ann. 
Ch. Pharm., 1855, 98, 166; Chem. Gaz., 1856, No. 318) re-established 
the individuality of the compound, which he isolated from the roots 
of the plant. Stenhouse showed that on hydrolysis with acids 
datiscin yields glucose and datiscetin, C3,H,,0,. (C = 6; O = 8), 
which by fusion with potassium hydroxide gives salicylic acid or 
by boiling with dilute nitric acid is changed into nitrosalicylic acid. 
Roots of Datisca from Kew Gardens were examined by Schunck and 
Marchlewski (Annalen, 1893, 277, 266), who concluded that datiscin 
isa rhamnoside. The datiscetin isolated in the course of that work 
had m. p. 237° and differed in some of its properties from the 
datiscetin of Stenhouse. Fortunately, a small specimen of the 
material has been preserved in the Schunck Collection housed in 
the Chemistry Department of this University, and we are of the 
opinion that it consists essentially of datiscetin mixed with galangin 
(see p. 1972). It seems possible that the datiscin from the Kew 
roots was a mixture of galangin rhamnoside and datiscetin 
glucoside. 

Korezynski and Marchlewski (Bull. Acad. Sci. Cracovie, 1906, 
A, 95; 1907, A, 124) again isolated datiscin, from Datisca roots 
from the Punjab, and showed that it gives glucose on hydrolysis. 
Moreover, after removal of a methoxyl-containing substance, 
datiscetin, C,;H,,)O,, m. p. 268—269°, was obtained and character- 
ised and this was clearly the true datiscetin of Stenhouse. From 
the reactions of datiscetin and the fact that it yields phloroglucinol 
as well as salicylic acid on fusion with potassium hydroxide, 
Leskiewicz and Marchlewski (ibid., 1914, A, 218; Ber., 1914, 47, 
1599) drew the conclusion that the substance is 3:5: 7: 2’-tetra- 
hydroxyflavone (1). The 3:5: 7-trimethyl ether of this flavonol 


— 
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has been synthesised by Bargellini and Peratoner (Gazzetta, 1919, 
49, ii, 64), who employed the methods of von Kostanecki, but the 
derivative has not mae been related to natural datiscetin. 


O MeO 
PW ie \ we oes abe Weta hs 
MEG ak Ria >. HO a: wee (IL) 
A 0H \_ 6-0Me 
HO CO HO CO 


~The synthesis now described is an application of the method of 


Allan and Robinson (J., 1924, 125, 2192) already used by the 
present authors (this vol., p. 181) for the syntheses of galangin 
monomethyl ether and myricetin. w-Methoxyphloracetophenone 
(Slater and Stephen, J., 1920, 117, 316) reacts at 180° with 
o-methoxybenzoic anhydride and sodium o-methoxybenzoate to 
give a product which yields datiscetin 3 : 2'-dimethyl ether (11) on 
hydrolysis. On demethylation with hydriodic acid, datiscetin (1) 
was obtained and we are greatly indebted to Professor Marchlewski 
for specimens of natural datiscetin and some of its derivatives 
which have enabled us to make the necessary direct comparisons. 


O 0 
an Aco Y \¢BrCHBr/” » HOY SY Me ay, 
Ne pee? MeOn | / Soe OMe 
Ac HO CO 


In some earlier experiments an attempt was made to apply the 
von Auwers flavonol synthesis (compare Ber., 1915, 48, 85) to the 
ease of datiscetin. The compound III was obtained without 
difficulty, but no trace of a flavonol could be isolated from the 
products of its decomposition with alkaline solutions. An attempt 
was also made to synthesise datiscetin 3-monomethyl ether and 
accordingly w-methoxyphloracetophenone was brought into reaction 
with o-acetoxybenzoic anhydride and sodium o-acetoxybenzoate. 
Curiously enough, the acetoxy-groups alone function and we found 
that the product was 3-methoxy-5 : 7-dihydroxy-2-methylchromone 
(IV). 
EXPERIMENTAL 
2-0-Methoxybenzylidene-4 : 6- ees Cag 


Ac0 A SGaCH”.S 


a 60 MeO\ sf 
AcO 


—A satisfactory yield of the methyl ether was obtained by treating 
salicylaldehyde with methyl sulphate (5 mols.) and aqueous sodium 
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hydroxide at about 40°. A mixture of o-methoxybenzaldehyde 
(4:1 g.), 4: 6-dihydroxycoumaranone (5 g.) (Sonn, Ber., 1917, 50, 
1265), and acetic anhydride (90 c.c.) was boiled for 24 hours. The 
product was added to hot water (500 c.c.) and on stirring the oil 
solidified. The substance crystallised from acetic acid in yellow 
prisms, m. p. 174° (yield 55%) (Found: C, 65-3; H, 4:5. C,)H,,.0, 
requires C, 65-2; H, 44%). This substance is insoluble in dilute 
aqueous sodium hydroxide and gives no coloration with alcoholic 
ferric chloride. It is sparingly soluble in alcohol or benzene and 
readily soluble in chloroform. The’ dibromide (formula IIL) was 
obtained by the addition with cooling and stirring of bromine 
(2-4 g.) in chloroform (15 ¢.c.) to a solution of the methoxy- 
benzylidenediacetoxycoumaranone (5-5 g.) in chloroform (25 c.c.). 
Evolution of hydrogen bromide did not occur and, after 45 minutes, 
the substance was precipitated by light petroleum (80 c.c.) and 
rapidly crystallised from much hot alcohol, separating in small, 
colourless prisms, m. p. 163° (decomp.) (Found: Br, 31-2, 31-1. 
C,>H,,0,Br, requires Br, 30-3%). As frequently observed in 
similar cases, some nuclear bromination has clearly occurred.* 

3: 2'-Dimethoxy-5 : 7-dihydroxyflavone (I1).—o-Methoxybenzoic 
acid of satisfactory purity being somewhat difficult to obtain, 
an aqueous alkaline solution of salicylic acid was shaken with methyl 
sulphate (2—3 mols.), the acids isolated, the mixture esterified, and 
washed with aqueous sodium hydroxide to remove ethyl salicylate. 
The neutral ester was then hydrolysed. 

Comparison of the different processes available for the preparation 
of o-methoxybenzoic anhydride (Rule and Paterson, J., 1924, 125, 
2161) showed that the following is the most convenient (compare 
D.R.-P. 201325). A 20% solution of carbonyl chloride (1 mol.) in 
benzene was gradually added with careful cooling to one of the 
acid (2 mols.) and pyridine (1 mol.) in the same solvent. After 2 
hours, the mixture was treated with crushed ice and very dilute 
sulphuric acid, when the precipitate dissolved. The benzene 
solution was then further agitated with ice and dilute aqueous 
sodium carbonate for 4 hour, dried, and the solvent removed by 
distillation ina vacuum. The residue solidified and was sufficiently 
pure for most purposes (yield 85%). The product obtained by 
heating a mixture of w-methoxyphloracetophenone (5 g.), sodium 
o-methoxybenzoate (7-5 g.), and o-methoxybenzoic anhydride (19 g.) 


* On prolonged contact with dry methyl alcohol the colourless dibromide 
changed to yellow prisms which fall to a yellow powder, m. p. 192-193°, at 
50-60°[ Found: OMe, 7°3. C,,H,,.0,Br (OMe) requires OMe, 6:95 %]. Itappears, 
therefore, that the elements of hydrogen bromide are eliminated and that this 
process is not accompanied by the introduction of further methoxyl groups. 
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for 3 hours at 180° was hydrolysed with potassium hydroxide (8-5 g.) 
in aqueous or alcoholic solution. The phenol, precipitated as a 
viscous, brown mass by saturating the diluted solution with carbon 
dioxide, was again treated with aqueous potassium hydroxide on the 
steam-bath and after isolation as before could be crystallised from 
aqueous acetic acid (yield 6 g. or 75%). This product was 
acetylated by treatment with boiling acetic anhydride in presence 
of sodium acetate. The diacetyl derivative crystallised from 
‘methyl alcohol in colourless, flat, pointed needles, m. p. 141-5—142-5° 
(corr.) (Found: C, 63-1; H, 4:5. C,,H,,O, requires C, 63-3; 
H, 45%) and was hydrolysed by gently heating with aqueous 
potassium hydroxide. The datiscetin dimethyl ether, obtained by 
saturation of the solution with carbon dioxide, crystallised from 
alcohol in almost colourless, glistening needles, m. p. 218—219° 
(corr.) [Found: MeO by micro-Zeisel, 19-7. C,,;H,O,(OMe), 
requires MeO, 19-7%]. The yellow solution in sulphuric acid 
gradually acquires a weak green fluorescence and a yellow solution 
results when a few drops of a mineral acid are added to a suspension 
of the dimethyldatiscetin in acetic acid. An alcoholic solution 
gives a blackish-green coloration with ferric chloride. Mordant 
dyeing properties were not observed. 

Datiscetin (1)—A mixture of 5: 7-diacetoxy-3 : 2’-dimethoxy- 
flavone (1 g.) and hydriodic acid (15 c.c.; d 1-7) was boiled for 30 
minutes, and the hot solution filtered (Jena sintered glass) and 
allowed to cool. The dark yellow crystals of the hydriodide were 
collected, decomposed by very dilute sulphurous acid, and crystal- 
lised from alcohol. The m. p. was at first 260°, but by continued 
recrystallisation a product, m. p. 276° (corr.), was ultimately 
obtained in long, pale yellow needles. The specimen of natural 
datiscetin which was available had m. p. 270-5—271-5° (corr.) and 
an intimate mixture of the two specimens melted at 273—274° 
(corr.). The reactions and dyeing properties of the two products 
were identical. The tetra-acetyl derivative, prepared in the usual 
manner, crystallised from alcohol in large, colourless, glistening 
prisms, m. p. 141° (corr.) (Found: C, 60-8; H, 4:0. Calc. for 
Co3H,,01), C, 60°8; H, 4.0%). Korczynski and Marchlewski (loc. 
cit.) give 138° (uncorr.) as the m. p. of datiscetin tetra-acetate. - The 
synthetical specimen was also benzoylated by following the method 
of Korezynski and Marchlewski (loc. cit.); the product crystallised 
from 90% acetic acid in star-shaped aggregates of small needles, 
m. p. 191—192° (corr.), and at the same temperature when mixed 
with a specimen prepared from natural datiscetin. 

3:7: 2'-Trimethoxy-5-hydroxyflavone.—Datiscetin dimethyl ether 
(1 mol.) was methylated by means of methyl iodide (4 mols.) and 
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potassium hydroxide (4 mols.) in boiling methyl-alcoholic solution 
for 12 hours. The product crystallised from methyl alcohol in 
long, colourless needles, m. p. 111—112-5° [Found: MeO, 28-1. 
C,;H,0;(OMe), requires MeO, 28-3%]. This substance is sparingly 
soluble in cold methyl alcohol and gives a dull brownish-green 
coloration with ferric chloride. It is insoluble in cold aqueous 
sodium hydroxide and on boiling the material becomes yellow but 
does not dissolve. 

3-Methoxy-5 : 7-dihydroxy-2-methylchromone (IV).—A mixture of 
w-methoxyphloracetophenone (5 g.), o-acetoxybenzoic anhydride 
(D.R.-P. 201325) (23 g.) and sodium o-acetoxybenzoate (9 g.) was 
heated at 160° for 4-5 hours and then worked up as described in the 
case of datiscetin dimethyl ether. The phenolic product crystallised 
from aqueous alcohol in long, pale yellow, glistening needles, m. p. 
223—224° (corr.) [Found : MeO, 12-8; loss at 90°, 7-3; in material 
dried at 90°; MeO, 13-8; M by micro-Rast, 208, 228. 
C19H,0,(OMe),H,O requires MeO, 12-9; H,O, 7:°3%. Cy 9H,0,(OMe) 
requires MeO, 14:0%; M, 222]. The substance exhibited the 
properties of a hydroxylated chromone and we confirmed our view 
of its nature by the following more rational synthesis. A mixture 
of w-methoxyphloracetophenone (3 g.), fused sodium acetate (6 g.), 
and acetic anhydride (12 c.c.) was heated (oil-bath at 170°) for 
4-5 hours, and the chromone isolated in good yield in the usual 
manner. After crystallisation from alcohol, the substance had 
m. p. 223—224° (corr.), alone or mixed with the specimen obtained 
from o-acetoxybenzoic acid. 


The Occurrence of Galangin in the Root of Datisca cannabina. 


The specimen labelled datescetin in the Schunck Collection crystal- 
lised from aqueous alcohol in pale yellow needles, m. p. 235—240° 
with softening from 220°. Its behaviour with solvents, alkaline 
solutions, mineral acids, potassium acetate and ferric chloride in 
alcoholic solution closely resembled that of datiscetin and the 
dyeing properties of the two substances were also identical. There 
was, however, one striking difference in that the yellow solution in 
sulphuric acid, at first non-fluorescent, quickly acquired a striking 
violet fluorescence which was different in tone from the bluer 
fluorescence due to kaempferol and was entirely distinct from that 
due to datiscetin. The micro-analyses which we carried out led to 
no definite conclusion except that methoxyl groups are not present. 
The substance is hydrated and contains relatively less oxygen than 
datiscetin. It was then shown by qualitative tests that fusion with 
potassium hydroxide yields phloroglucinol and that picric acid is 
produced when the substance is boiled with nitric acid. The clue to 
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the nature of the material was found in the observation that 
galangin gives a yellow solution in sulphuric acid which soon 
develops a brilliant violet fluorescence that is but slightly dulled 
by the addition of a relatively large amount of datiscetin. The 
appearance of the sulphuric acid solution of a mixture of synthetical 
galangin and datiscetin was identical with that of the Schunck 
specimen dissolved in the same solvent. The following observations 
were then made under similar conditions: Schunck-datiscetin, 
m. p. 220—240°; mixed with datiscetin, m. p. 225—245°; mixed 
with more datiscetin, m. p. 250—260°; mixture of galangin and 
datiscetin, m. p. 240—255°; the last with more galangin, m. p. 
223—240°; the last mixed with Schunck-datiscetin, m. p. 220—238°. 
A mixture of equal parts of galangin and datiscetin was crystallised 
from aqueous alcohol and prisms and needles were obtained. The 
solution was then gently heated to dissolve the needles, filtered, and 
allowed to cool. The apparently homogeneous needles, m. p. about 
240° with previous softening, contained both galangin and datis- 
cetin and closely resembled Schunck-datiscetin in appearance and 
in the fluorescence of a solution in sulphuric acid. 


The authors wish to thank the Royal Society for a grant which 
has defrayed a part of the expense of the investigation and they 
also express their gratitude to the Ramsay Memorial Fellowship 
Trust for a Fellowship (Netherlands) which has enabled one of tafe 
to take part in the research. 
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CCLXYV. —The Synthesis of certain 2-Styrylchromonol 
Derwatives. 


By Roxsert RoBInson and JuNzo SHINODA. 


_ Just as the difference in composition between successive members 
of the series of naturally occurring fatty acids is C,H,, so it would 
| seem that the increment most common among plant products of 
_ the aromatic groups is C,H,. Thus benzoic acid and cinnamic acid 
are associated in many cases and piperic acid represents the next 
member of the series. Moreover, whilst methyl and propenyl or 
allylbenzene derivatives are of frequent occurrence, it is less usual 
_ to encounter derivatives of ethylbenzene among the constituents 
of plants.* For this reason we consider it probable that repre- 


* There are, of course, exceptions to this rule, but many of the natural 


: products with a side-chain comprising two carbon atoms have an obvious 
_ relation to more complex substances. Thus hordenine, adrenaline and mezcaline 


are probably derived by decarboxylation of derivatives of phenylalanine. 


ly 
iG 
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sentatives of the styrylchromones occur in nature and it may be 
pointed out that fukugetin, C,,H,,0, (Perkin and Phipps, J., 1904, 
85, 58), may be a tetrahydroxystyrylchromone related to luteolin, 
whilst pratensol, C,,-H,O,(O0H), (Power and Salway, J., 1910, 97, 
231), may be similarly related to apigenin. It is significant that 
pratensol was found among the constituents of Trifolium pratense 
in company with undoubted flavone derivatives such as quercetin 
and zsorhamnetin, with pratol, probably a hydroxymethoxyflavone, 
and with a compound, C,,H,O,(OH)3, isomeric with kaempferol. 
In the hope of making a contribution to this subject we have 
synthesised some styrylchromone derivatives which are, however, 
related to flavonols rather than to flavones. The method adopted 
was that indicated by Allan and Robinson (J., 1924, 125, 2192) 
and utilised by Kalff and Robinson (preceding paper) in the synthesis 
of methylgalangin, datiscetin, and myricetin. In the simplest 
example a mixture of w-methoxyresacetophenone, cinnamic anhydr- 
ide, and sodium cinnamate is heated at about 180° and after 
hydrolysis of the product, 7-hydroxy-3-methoxy-2-styrylchromone (1) 
can be isolated. On reduction with hydrogen in presence of pallad- 
ium a dthydro-derivative (II) is obtained, and the constitution of 
this substance is confirmed by its synthesis from w-methoxyresaceto- 
phenone, 8-phenylpropionic anhydride, and sodium 8-phenylpro- 
pionate. In a similar manner the compounds III and IV were 
obtained from w-methoxyphloracetophenone and the appropriate 
cinnamic acid derivatives. 


0 0 
a) HOF \G-CHICHPh = -HO/ \” ¢-CH-CH,Ph gy) 
J /C:OMe Ne 
SO SO 
0 0 
HO” ‘\/ \¢-CH:CHPh HO” ne \c-CH:CHC OMe 
\/J\ 70 OMe Nir \ /©:0Me ace 
HO (@O. GIL) HO CO. (IV. 
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The compounds I, II, and IiI could be demethylated in the : 
usual way by means of hydriodic acid and we have thus, in the — 
last-mentioned case, obtained the styryl analogue of galangin, | 


Unfortunately no crystalline material could be isolated from the 
products of demethylation of 1V and V, so that we have not been 
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able to examine the styryl analogues of kaempferol and quercetin. 
Should these substances be encountered in the examination of 
material of natural origin, they could be recognised by means of 
their products of methylation under specified conditions. Both 
IV and V yield monomethyl ethers when shaken in aqueous alkaline 
solution with methyl sulphate. There can be little doubt that, 
as in the case of quercetin, it is the hydroxyl in position 5 which 
is resistant to the methylating agent. Direct comparison shows 
that the styryl compounds are more intensely coloured than the 
corresponding flavones and as mordant dyestuffs they are character- 
ised by much greater tinctorial power. Before we were acquainted 
with the difficulty of demethylating the compound IV, it seemed 
desirable to acquire a specimen of kaempferol for purposes of 
comparison. ‘The simplest plan was to adopt the new method of 
synthesis, and a kaempferol dimethyl ether (VI) was prepared from 
w-methoxyphloracetophenone, anisic anhydride, and sodium anisate. 
On demethylation, kaempferol, identical with the natural product, 
was readily obtained. This flavonol has been previously synthesised 
by von Kostanecki and Tambor (Ber., 1904, 37, 792) and von 
Kostanecki, Lampe, and Tambor (zbid., p. 2096). 


EXPERIMENTAL. 


7-Hydroxy-3-methoxy-2-styrylchromone (1).—A mixture of w-meth- 
oxyresacetophenone (4 g.) (Slater and Stephen, J., 1920, 117, 313), 
sodium cinnamate (7:5 g.), and cinnamic anhydride (16 g.) was 
heated (oil-bath at 180—185°) for 3 hours. The product was 
hydrolysed by boiling with a mixture of potassium hydroxide 
(8-5 g.), alcohol (100 c.c.), and a little water for 30 minutes. The 
alcohol was removed by distillation from the steam-bath and 
sufficient water added to dissolve the residue, the solution being 
then saturated with carbon dioxide. The yellow precipitate was 
crystallised several times from acetic acid and dried (4:5 g.) 
(Found: C, 73-4; H, 4:9. C,,H,,0, requires C, 73-5; H, 4:7%). 


This compound is sparingly soluble in alcohol and acetic acid and 
erystallises in long, pale yellow needles, m. p. 250°. It develops 


no coloration with alcoholic ferric chloride and its bright yellow 
solution in aqueous sodium hydroxide is not fluorescent. The 
intense yellow solution in sulphuric acid exhibits a vivid green 
fluorescence. 

3: 7-Dihydroxy-2-styrylchromone (corresponding with I).—The 


- methyl ether just described was treated with an excess of boiling 


hydriodic acid (d 1-7) for 30 minutes in a stream of carbon dioxide, 


_ the mixture added to dilute sulphurous acid, and the bright yellow 
substance crystallised from methyl alcohol and acetic acid (Found : 


| 


{ 


| 4 


: 
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C, 72:3; H, 4:5. C,,H,.0, requires: C,: 72:8; H,/4:2%)a) Tie 
woolly needles separating from methyl alcohol have m. p. 257° and 
the yellow solutions in aqueous sodium hydroxide and in sulphuric 
acid exhibit green fluorescence. The coloration with alcoholic 
ferric chloride is dark brownish-green. On an aluminium mordant * 
a bright and full lemon-yellow colour was produced, whereas 3 : 7- 
dihydroxyflavone exhibits very poor affinity and the silk is just 
coloured a pale yellow. On a chromium mordant the styryl com- 
pound gives an intense golden-yellow colour, whilst the related 
flavonol gives a much paler greenish-yellow. On an iron mordant 
both substances give a deep cinnamon-brown shade. The differences 
observed are not merely of intensity but also of tone. In order to 
obtain 3 : 7-dihydroxyflavone for this comparison we demethylated 
7-hydroxy-3-methoxyflavone (Allan and Robinson, loc. cit.) in the 
usual manner by means of hydriodic acid; the product, after 
crystallisation from methyl alcohol, acetic acid, and finally from 
ethyl acetate, formed pale yellow, glistening, flat needles, m. p. 
258° (Found: C, 66-4; H, 4:7; loss at 100° in a high vacuum, 
6:9. C,;H,,0,,H,0 requires C, 66:2; H, 4:4; )H,O, 6-6%): 
von Kostanecki and Stoppani (Ber., 1904, 37, 1180) have previously 
obtained this substance from its 7-methyl ether, but they do not 
state that it crystallises with 1H,O. 

8-Phenylpropionic Anhydride——We have found the method 
adopted by Liebermann (Ber., 1883, 21, 3372) for the preparation 
of cinnamic anhydride to be expeditious and have employed it in 
other cases. A solution of 8-phenylpropionic acid (15 g.) in acetic 
anhydride (30 g.) was boiled for 4 hours and then distilled; 10 g. 
of a viscous liquid, b. p. 216—217°/14 mm., were obtained (Found : 
C, 76:3; H, 6-7. C,,H,,0, requires C, 76-6; H, 6-4%). 

7-Hydroxy-3-methoxy-2-8-phenylethylchromone (I1)—(A) 7-Hydr- 
oxy-3-methoxy-2-styrylchromone (1 g.) dissolved in acetic acid 
(200 c.c.) was reduced by shaking with hydrogen, aqueous palladous 
chloride (10 c.c. of 1%) having been added to the mixture. Absorp- 
tion ceased after about 2 hours. The product crystallised from 
aqueous acetic acid in colourless prisms, m. p. 186—187° (Found : 
CO, /#2:6;.,H, 5-5.) ,,C,.H),0,) requires \C, 72:9 7H, Oise 
yellow solution in sulphuric acid exhibits a blue fluorescence. 

(B) w-Methoxyresacetophenone (2 g.), sodium 8-phenylpropionate, 
and $-phenylpropionic anhydride (8 g.) were mixed and heated 

* All the dye-trials were made on silk. The aluminium mordant was 
prepared from alum and sodium carbonate and fixed with sodium silicate 
and it was found to be essential to exclude even traces of iron. The chromium 
mordant was prepared from basic chrome alum, fixed with sodium silicate, 


and the fabric was iron-mordanted by successive treatment with a solution 
of ferric nitrate and a solution containing soap and sodium carbonate. 
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at about 180° for 3 hours. The product, isolated as in the case of 
the styryl analogue, crystallised from aqueous acetic acid in colour- 
less prisms, m. p. 186—187°, which was not depressed by admixture 
with the specimen prepared by the method (A). 

3 : 7-Dihydroxy-2-8-phenylethylchromone, obtained by demethyl- 
ation of the 3-methyl ether by means of boiling hydriodic acid, 
crystallises from aqueous alcohol in almost colourless, prismatic 
needles, m. p. 169° (Found in material dried at 100° with change 
of appearance: C, 68:0; H, 5-4. C,,H,,0, requires C, 68-0; 
H, 5-3%). The substance is readily soluble in most organic solvents 
and its solution in aqueous sodium hydroxide is colourless. It is 
devoid of any trace of mordant dyeing properties. The yellow 
solution in sulphuric acid exhibits a blue fluorescence and the ferric 
chloride coloration in alcoholic solution is dark violet. 

3-Methoxy-5 : 7-dihydroxy-2-styrylchromone (I11).—A good yield 
of this compound was obtained by following in every detail the 
method described for the preparation of 3-methoxy-7-hydroxy- 
2-styrylchromone. The yellow substance crystallises from acetic 
acid in microscopic needles, m. p. 241° (Found: ©, 69-8: H, 4-6. 
C,,H,,0; requires C, 69-9; H, 45%). The orange-yellow alcoholic 
solution is coloured brown by the addition of a trace of ferric 
chloride, and the yellow solution in sulphuric acid shows a green 
fluorescence which becomes more intense on standing. 

3:5: 7-Trihydroxy-2-styrylchromone (corresponding with III).— 
The product of demethylation of the foregoing ether crystallised 
frem alcohol in stellar clusters of yellow needles, m. p. 249° (Found 
in material dried at 100° in a high vacuum: OC, 68-7; H, 4:1. 
C,,H,,0; requires C, 68-9; H, 4.0%). The golden-yellow solution 
in aqueous sodium hydroxide does not fluoresce, but the sulphuric 
acid solution exhibits strong fluorescence. The shades yielded by 
galangin on mordanted silk are almost identical with those given 
by 3:7-dihydroxyflavone, and the styryl analogue of galangin 
now described yields, on an aluminium mordant and on an iron 
mordant, shades similar to those given by 3 : 7-dihydroxy-2-styryl- 
chromone. On a chromium mordant, however, it yields a bright 
orange dyeing. The triacetyl derivative was obtained by the action 
of boiling acetic anhydride in presence of fused sodium acetate on 
the trihydroxystyrylchromone. It crystallises from alcohol in 
nearly colourless, prismatic needles, m. p. 215—216°. 

4-Methoxycinnamic Anhydride——4-Methoxycinnamic acid was 
obtained in almost quantitative yield by acidification of a diluted 
mixture of anisaldehyde (1 mol.), malonic acid (2:5 mols.), pyridine 
(3 mols.), and a few drops of piperidine which had been heated on 
the steam-bath during 1-5 hours and then boiled. The acid crystal- 
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lised from boiling water in colourless, prismatic needles, m. p. 173° 
(recorded in the literature, 171°), and was dehydrated by vigorously 
boiling with three times its weight of acetic anhydride for 15 hours. 
After the excess of acetic anhydride and the acetic acid formed 
had been removed by distillation, the cooled residue solidified and 
could be. directly employed in the chromonol synthesis. The 
substance crystallises from ethyl acetate in large prisms, m. p. 
119—120° (Found: C, 71-3; Hy; 5-5. C,o>H,,0, requires’ C, 71-9 
H, 5:3%). The substitution of methoxyl for hydrogen in the 
p-position in benzoic and also in cinnamic acid has the effect of 
making anhydride formation by this method very noticeably more 
difficult. It is possible that methoxyl in the m-position has an 
influence in the other direction, since it is more easy to dehydrate 
veratric acid and 3: 4-dimethoxycinnamic acid than anisic acid 
and 4-methoxycinnamic acid. 

The following method has also been successfully employed for 
preparing the anhydride (compare Fischer and Freudenberg, Ber., 
1913, 46, 1124). 4-Methoxycinnamic acid (5 g.) was kn cone 
into the chloride by gentle heating during about 25 minutes with 
purified thionyl chloride (25 g.) and removal of excess of the reagent 
by distillation in a vacuum. The crystalline chloride together with 
4-methoxycinnamic acid (4 g.) was dissolved in chloroform, and 
pyridine (9 c.c.) gradually introduced. The anhydride crystallised 
and could be isolated after 3 hours by the addition of alcohol and 
washing with very dilute aqueous ammonia. Recrystallised from 
ethyl acetate, it had m. p. 119—120° (yield 8 g.). 

3: 4'-Dimethoxy-5 : 7-dihydroxy-2-styrylchromone (IV).—An intim- 
ate mixture of w-methoxyphloracetophenone (4:5 g.), 4-methoxy- 
cinnamic anhydride (18 g.), and sodium 4-methoxycinnamate 
(9 g.) was heated at 180° in a vacuum for 3 hours, and the product 
hydrolysed by treatment with potassium hydroxide (10 g.) and 
alcohol (100 ¢.c.) at the boiling point for 4 hour. The yellow pre- 
cipitate obtained by saturating the diluted mixture with carbon 
dioxide, after being washed and dried (yield 90%), crystallised from 
acetic acid in aggregates of intensely yellow needles, m. p. 228° 
(Found: C, 66-7; H, 4:2. C,,H,,0, requires C, 67-0; H, 4:2%); 
The orange solution in sulphuric. acid exhibits greenish-yellow 
fluorescence and the yellow solution in alcohol develops a brown 
coloration with ferric chloride. 

3:7:4'-Trimethoxy-5-hydroxy-2-styrylchromone, the methyl ether 
of the substance described in the last section, was obtained by 
shaking the red solution of the phenol in aqueous sodium hydroxide 
with methyl sulphate until the yellow precipitate no longer dissolved 
on the addition of more sodium hydroxide. The product was 
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collected, washed with water, and crystallised from aqueous acetic 
acid, separating in bright yellow prisms, m. p. 156° (Found: OC, 
67-6; H,5-0. C9H,,0, requires C, 67-8; H,5-1%). This substance 
is quite insoluble in aqueous sodium hydroxide, even when boiled, 
but the intensification of the colour from yellow to orange in alcoholic 
solution on the addition of solid potassium hydroxide indicates the 
weak phenolic function. It is curious that on diluting such an 
alcoholic solution with water a clear yellow liquid is obtained and 
the phenol actually separates completely on boiling, leaving a 
colourless solution. The alcoholic solution gives a yellowish-brown 
coloration on the addition of ferric chloride. 

3:4-Dimethoxycinnamic  Anhydride.—3 : 4-Dimethoxycinnamic 
acid is obtained in almost quantitative yield from veratraldehyde 
by condensation with malonic acid in pyridine—piperidine solution 
at 100° and it may also be conveniently prepared by the methy]- 
ation of ferulic acid which is effected by shaking an aqueous alkaline 
solution with methyl sulphate. Ferulic acid was produced in 
80% yield when a mixture of vanillin (50 g.), malonic acid (104 g.), 
pyridine (140 c.c.), and piperidine (4 c.c.) was heated for 1-5 hours 
on the steam-bath. The acid, crystallised from hot water, had 
m. p. 171° (recorded in the literature, 168—169°). A mixture of 
3: 4-dimethoxycinnamic acid (5 g.) and acetic anhydride (10 g.) 
was vigorously boiled for 5 hours and the acetic acid and excess 
of acetic anhydride removed by distillation in a vacuum. The 
residue was dissolved in a little hot benzene and, on cooling, the 
new anhydride separated. It crystallised from ethyl acetate in 
colourless needles, m. p. 174—175° (Found: C, 66-4; H, 5:8. 
C,.H,.0, requires C, 66:3; H, 5:5%). 

3: 3':4'-Trimethoxy-5 : 7-dihydroxy-2-styrylchromone (V).—The 
method of preparation of this substance from w-methoxyphloraceto- 
phenone, 3 : 4-dimethoxycinnamic anhydride, and sodium 3: 4-di- 
methoxycinnamate followed exactly the lines of the similar cases 
described above.’ The bright yellow substance is readily soluble 
in alcohol and acetic acid, but may be crystallised from methyl 
alcohol in fine orange needles (Found: C, 61:7; H, 5-2; loss at 
100° in a high vacuum, 5-3. C,,5H,,0,,H,O requires C, 61-8; H, 
5:3; H,O, 49%). The dried material is yellow and has m. p. 
233—234°. The orange solution in sulphuric acid exhibits a weak 
green fluorescence; the ferric chloride reaction in alcoholic solution 
is brown; and the alkaline solutions are orange-yellow. 

3:7:3':4'-Tetramethoxy-5-hydroxy-2-styrylchromone.—The phenol 
last described was mixed with a little water and treated alternately 
with concentrated potassium hydroxide and methyl sulphate until 

the solution was no longer red when alkaline. The yellow precipitate 
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crystallised from alcohol and from ethyl acetate in glistening, yellow 
leaflets, m. p. 203—204° (Found: C, 65:3; H, 5-2. C,;H».0, 
requires C, 65-6; H, 5-2%). The behaviour of this compound with 
aqueous and alcoholic solutions of alkali metal hydroxides and with 
ferric chloride closely resembled that of 3:7 : 4’-trimethoxy- 
5-hydroxy-2-styrylchromone. 

3: 4'-Dimethoxy-5 : 7-dihydroxyflavone (V1).—Anisic acid is not 
completely dehydrated by boiling acetic anhydride in 6 hours, 
but in 20 hours a good yield of the anhydride is obtained and the 
process is convenient. The substance isolated as in the example 
previously described, crystallised from ethyl acetate in needles, 
m. p. 98—99° (compare Pisani, Annalen, 1857, 102, 284). The 
preparation of a flavonol derivative from w-methoxyphloraceto- 
phenone (2-5 g.), anisic anhydride (10 g.), and sodium anisate 
(5 g.) was carried out as in previous cases. The crude product 
crystallised from aqueous acetic acid in pale yellow platelets with 
rounded corners, m. p. 234°. The substance exhibits a bronze-like 
appearance (Found: C, 65:1; H, 4:6. C,,H,,0., requires C, 65-0; 
H, 44%). This kaempferol dimethyl ether is sparingly soluble 
in hot methyl] alcohol and gives a violet ferric chloride reaction in 
alcoholic solution. Its yellow solution in concentrated sulphuric 
acid exhibits a bright bluish-green fluorescence the intensity of 
which increases on standing. On demethylation with hydriodic 
acid (d 1-7) in the usual manner, kaempferol was readily obtained. 
The pale yellow needles deposited from alcoholic solution had m. p. 
276—277° and this is the m. p. given by A. G. Perkin (J., 1902, 
81, 585), whereas von Kostanecki and Gordin quote the value 
271° (Ber., 1901, 34, 3723) and von Kostanecki, Lampe, and Tambor 
(loc. cit.) give the m. p. 275° for the synthetical material. The 
strong greenish-blue fluorescence of the yellow solution in sulphuri¢ 
acid was observed and the dyeing and other properties were those 
of kaempferol. The tetra-acetyl derivative was prepared and after 
crystallisation from ethyl alcohol had m. p. 181—182°, but, as 
stated by A. G. Perkin, when crystallised from methyl alcohol the 
substance sinters at 116—120° without completely melting, then 
hardens on further heating and melts at 181—182°. These observ- 
ations render it certain that the synthetical material is identical 
with the naturally occurring flavonol called kaempferol. 


We desire to thank the Royal Society for a grant which has 
defrayed a part of the cost of this investigation. 
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CCLXVI.—Synthetical Experiments in the isoFlavone 
Group. Part I. 


By Witson Baker and Rospert Rosinson. 


Wuitst derivatives of 2-phenylchromone (flavone) and related 
substances in various states of oxidation (catechins, cyanomaclurin, 
butein, hyssopinaglykone, the anthocyanins and anthoxanthins) 
are found widespread in nature, the occurrence of derivatives of 
3-phenylchromone (isoflavone) has not yet been definitely proved 
in any single instance. Nevertheless Finnemore has suggested 
(Pharm. J., 1910, 31, 604) that prunetin, C,,H,,0;, obtained by 
hydrolysis of the glucoside prunetrin is the methyl ether of a 
trihydroxy?soflavone (I) and the isolation of p-hydroxyphenylacetic 
acid and phloroglucinol from the products of fusion with potassium 
hydroxide is strong evidence that this view is correct. On demethy]l- 
ation prunetin yields prunetol, C,;H,,O;, and we are informed by 
Professor A. G. Perkin that there is a possibility that this substance 
is identical with genistein, the colouring matter of Dyer’s Broom 
(Genista tinctoria) (Perkin and Newbury, J., 1899, 75, 830; Perkin 
and Horsfall, J., 1900, 77, 1310). The following comparison will 
serve to make clear the basis of this suggestion. Genistein; long, 
colourless needles from aqueous alcohol, m. p. 291—293°; prunetol, 
colourless needles from aqueous alcohol, m. p. ca. 290° (decomp.) : 
triacetylgenistein, m. p. 197—201°; triacetylprunetol, m. p. 205°: 
genistein dimethyl ether, colourless leaflets from alcohol, m. p. 
137—139°; prunetin monomethy]l ether, flat needles, m. p. 145°: 
acetyl derivative of genistein dimethyl ether, colourless needles, 
m. p. 202—204°; acetyl derivative of prunetin monomethy] ether, 
colourless needles, m. p. 202°. In addition it was found that 
genistein dimethyl ether yields p-methoxyphenylacetic acid by 
hydrolysis with alcoholic potassium hydroxide. 

A synthesis of the compound (1) would clearly be of considerable 
interest and we have decided to attempt it. The present com- 
munication is a record of the necessary preliminary investigation 
of the methods available, and it has been found that though iso- 
flavones substituted in position 2 are easy to prepare, the contrary 
is the case when it is desired to leave this position unsubstituted. 
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The problem is analogous to that presented by the synthesis of 
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anhydrobrazilic acid, which is also a 3-substituted chromone ~ 
derivative, but the method which was successful in that case (Perkin 
and Robinson, J., 1908, 93, 503) was found to be inapplicable in 
the present instance. Ultimately 7-methoxyisoflavone (II) was 
synthesised by degradation of its 2-styryl derivative (X) by 
oxidation with potassium permanganate in pyridine solution and 
thermal decomposition of the resulting 7-methoxyisoflavone-— 
2-carboxylic acid. A synthesis of (I) is thus rendered feasible. 
2-Substituted isoflavones are quite readily obtained by the inter- — 
action of 2 : 4-dihydroxyphenyl benzyl ketone or the corresponding 

_ phloroglucinol derivative with a mixture of the anhydrides and 
sodium salts of carboxylic acids at 170—180° in accordance with a — 
genera] method. For example, interaction of the former ketone and 
acetic anhydride and sodium acetate followed by hydrolysis of the 
product yields 7-hydroxy-2-methylisoflavone (111), 7-hydroxy-3-phenyl- 
flavone (IV) is similarly obtained by means of benzoic anhydride and ~ 
sodium benzoate, whilst 2:4 : 6-trinydroxyphenyl benzyl ketone, 
acetic anhydride, and sodium acetate yield ultimately the isoflavone — 
(V). 
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A substance which, it was claimed, had the formula (III) has — 
been obtained by Ghosh (J., 1916, 109, 105) and formulz (LY) | 
and (V) have been assigned by Jacobson and Ghosh (J., 1915, 107, 
1051) to compounds prepared by them, but the properties of the 
substances as recorded by these authors do not tally, even approxi- 
mately, with our observations and there appears to be no possibility — . 
that the specimens prepared by the two methods can be identical. ; 
Since the synthetical process employed by Ghosh and by Jacobson — 
and Ghosh is essentially that due to von Pechmann and was . 
originally devised for the synthesis of coumarins, it seems possible — 
that all these compounds, including eleven alleged isoflavones, are 
a-pyrones. In regard to the three substances already mentioned, i 
this conclusion is inevitable unless it can be shown that we have — 
taken a wrong view of the course of the reactions described in this — 
communication. No alternative, however, is possible in the case — 
of the compound (IV) and in regard to (III) (with which V is — 
doubtless strictly analogous) the relations included in the annexed — 
scheme demonstrate the correctness of our hypothesis. The — 
dotted arrows show possible courses of the reactions and the full 
arrows the direction in which they actually Proneee 3 
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2: 4-Dihydroxyphenyl benzyl ketone + 
Ac,0 + AcONa; hydrolysis 

The condensation of ethyl 6-keto-y-phenylbutyrate and resorcinol 
yields 7-hydroxy-4-benzylcoumarin (VII), because the product of the 
reaction is not identical with the 7-hydroxy-2-benzylchromone (VI) 
synthesised by Hannach and Kostanecki (Ber., 1902, 35, 867). The 
non-identity of (III) and (VII) disposes of the only alternative for 
(IfI) and therefore the compound obtained by Ghosh from acetyl- 
phenylacetonitrile and resorcinol must have the constitution (VIII). 
[t is possible that the whole of the compounds described by Jacobson 
and Ghosh and by Ghosh in four papers (loc. cit. and J., 1915, 107, 
£24, 959) as y-pyrones are in fact «-pyrones. A further critical 
examination of this subject is in progress. The question of the 
mechanism of the chromone synthesis is to some extent answered 
as the result of the observation that the di-o-acetyl derivative of 
2: 4-dihydroxyphenyl benzyl ketone, which is stable to acetic 
anhydride alone, suffers ring closure under the influence of acetic 
anhydride and sodium acetate. 

The action of cinnamic anhydride and sodium cinnamate 
(compare the preceding paper) on 2: 4-dihydroxyphenyl benzyl! 
ketone gave rise to 7-cinnamoyloxy-2-styrylisoflavone (IX), from 
which (X) and then, as already stated, (II) were derived. The 
investigation is being extended. 
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The alkali-metal salts of (IV) exhibit phenomenal colloidal 
properties, a preliminary account of which is given in the experi- 
mental section. 


EXPERIMENTAL. 


7-Hydroxy-2-methylisoflavone (III).—The red solution exhibiting 
green fluorescence which is obtained after boiling the acetyl deriv- 
ative (see below) with an excess of dilute aqueous sodium carbon- 
ate for 2 hours was acidified and the crystalline precipitate collected 
(yield—over 90% from 2 : 4-dihydroxyphenyl benzyl ketone). The 
substance separates from methyl alcohol containing a few drops of 
water in very pale brownish-yellow needles melting at 240° when 
rapidly heated (Found : C, 76-3; H,4-8. C,,H,,0, requires C, 76-2; 
H, 4:8%). The colourless solutions in aqueous sodium hydroxide 
and concentrated sulphuric acid exhibit weak blue and _ bluish- 
violet fluorescences respectively. The methyl ether obtained by 
interaction with methyl sulphate in aqueous potassium hydroxide 
sclution at about 60° crystallised from aqueous alcohol in nearly 
colourless needles, m. p. 135-5° (Found : C, 76-7; H, 5-3. C,,H,,05, 
requires C, 76:7; H, 5:3%). The acetyl derivative was prepared 
by heating (oil-bath at 170—180°) a mixture of 2: 4-dihydroxy- 
phenyl benzyl ketone (10 g.) (Chapman and Stephen, J., 1923, 123, 
404), acetic anhydride (40 c.c.), and anhydrous sodium acetate (10 g.) 
under reflux for 12 hours. The product was shaken with dilute 
hydrochloric acid, and the solid crystallised from alcohol in colour- 
less prisms, m. p. 162° (Found: C, 73-6; H, 4:8. C,,H,,0, requires 
C, 73:4; H, 4:8%). The same compound was obtained from 
2: 4-diacetoxyphenyl benzyl ketone (Chapman and Stephen, loc. 
cit.) in a precisely similar manner. 

7-Hydroxy-4-benzylcoumarin (VII).—A_ solution of resorcinol 
(2 g.) and ethyl 8-keto-y-phenylbutyrate (2 g.) (Attwood, Stevenson, 
and Thorpe, J., 1923, 123, 1762) in concentrated sulphuric acid 
(10 c.c.) was heated on the steam-bath for 20 minutes. The solid 
isolated after the addition of water crystallised from alcohol in 
faintly brown prisms, m. p. 225—226° (Found: C, 76-2; H, 49. 
C,,H1.03 requires C, 76:2; H, 4:8%). The yellow solution in 
aqueous sodium hydroxide has a blue fluorescence and the colourless 
solution in sulphuric acid fluoresces bluish-violet. 

5 : 7-Dihydroxy-2-methylisoflavone (V).—This substance and its 
derivatives were obtained, in the first place from 2 : 4 : 6-trihydroxy- 
phenyl benzyl ketone (Chapman and Stephen, loc. cit.), by methods | 
entirely similar to those used in the case of the resorcinol analogue. 
‘The substance crystallises from concentrated alcoholic solution in | 
faintly yellowish-brown prisms, m. p. 228° (Found: C, 71:7; 
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H, 4:7. C,,H,.0, requires C, 71-6; H, 45%). The yellow solu- 
tion in aqueous alkalis does not exhibit fluorescence. 

The dracetyl derivative crystallises from alcohol in colourless, 
silky needles, m. p. 169°°(Found: C, 68:0; H, 4:6. C,)H,,0, 
requires C, 68-2; H, 4:6%). The 7-monomethyl ether crystallises 
from methyl alcohol in glistening, colourless needles, m. p. 186— 
187°, insoluble in aqueous sodium hydroxide but giving a bluish- 
green coloration with ferric chloride in alcoholic solution. The 
‘solutions in concentrated sulphuric acid of this and the two sub- 
stances last described exhibit weak bluish-green fluorescence. 

7-Hydroxy-3-phenylflavone (7-Hydroxy-2-phenylisoflavone) (1V).— 
A mixture of 2: 4-dihydroxyphenyl benzyl ketone (20 g.), benzoic 
anhydride (100 g.), and sodium benzoate (10 g.) was heated (oil- 
bath at 180—-190°) for 12 hours, and the product dissolved in 
alcohol (250 c.c.) and water (50 c.c.) by heating on the steam-bath. 
A solution of potassium hydroxide (60 g.) in water (100 c.c.) was 
added, and heating on the steam-bath continued for 15 minutes, 
after which water (500 c.c.) was added and the phenol precipitated 
by saturating the solution with carbon dioxide. It is important to 
follow the above directions in order to ensure the avoidance of the 
formation of a thick gel through which the gas cannot be passed. 
The crude product crystallised from ethyl alcohol (800 c.c.) in 
microscopic needles and on recrystallisation separated in glistening, 
pale yellow plates, m. p. 270—271° (yield of fully purified material, 
20 g.) (Found: C, 80:3; H, 4:6. C,,H,,0, requires C, 80-2; 
H, 45%). The pale yellow solution in sulphuric acid exhibits a 
bluish-green fluorescence. The substance does not appear to 
dissolve in cold aqueous potassium hydroxide, but this is due to the 
formation of a gel round each crystal. On heating, a greenish- 
yellow solution is produced and this sets on cooling to a clear gel. 
A 1% solution sets to a stiff gel which is with difficulty shaken from a 
test-tube, whilst even a 0-1% solution gives a weak gel which, with an 
excess of alkali, will almost permit the inversion of the tube without 
displacement of the contents. The nature of the gels is very much 
affected by the concentration of the alkali. The acetyl derivative, 
prepared from the phenol by the action of boiling acetic anhydride 
for 4 hours, crystallised from acetic acid in pale yellow prisms, 
m. p. 208—209° (Found: C, 77-4; H, 4:5. C,,H,,0, requires 
C, 77-5; H, 4:5%). 

7-Cinnamoyloxy-2-styrylisoflavone (IX) —A mixture of 2: 4-di- 
hydroxyphenyl benzyl ketone (10 g.), cinnamic anhydride (40 g.), 
and ‘sodium cinnamate (10 g.) was heated (oil-bath at 170—180*, 
finally at 215°) for 5 hours. The cooled, ground product was washed 
with dilute aqueous sodium hydroxide, and the cinnamic anhydride 
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decomposed by heat on the steam-bath for an hour with alcohoi 
(100 c.c.), water (20 c.c.), and concentrated sulphuric acid (1 c.c.). 
The solid then obtained on the addition of water was collected, 
washed with aqueous sodium hydroxide, and crystallised from 
acetic acid, in which it was sparingly soluble. The pale yellowish- 
brown prisms, m. p. 213—214°, dissolved in sulphuric acid to an 
intensely yellow solution exhibiting green fluorescence (Found : 
C, 81:6; H, 4-8. C,,H,.O, requires C, 81-7; H, 4-7%). | 

7-M TO 2-styrylisoflavene (X).—The lean cinnamoyloxy- 
styrylisoflavone from 10 g. of 2 : 4-dihydroxyphenyl benzyl ketone 
was added to alcohol (100 c.c.) and potassium hydroxide (7-5 g.) 
dissolved in a little water, and the whole heated for 5 minutes on 
the steam-bath. Water (100 c.c.)* was added and the phenol 
contained in the solution was methylated at 60° by the alternate 
addition of methyl sulphate and concentrated aqueous potassium 
hydroxide. After the addition of more water the methyl ether 
was collected (13-9 g.). It crystallised from ethyl alcohol, in which 
it was sparingly soluble, in pale yellow needles, m. p. 204—205° 
(Found: C, 81-4; H, 5-0. C,,H,,0, requires C, 81-3; H, 5-1%). 
The deep yellow solution in sulphuric acid has a green fluorescence. 

7-Methoxyisoflavone (I1).—7-Methoxy-2-styrylisoflavone (2 g.) 
dissolved in pure pyridine (20 c.c.) was oxidised at 0° in the course 
of an hour by the slow addition, with stirring and passage of carbon 
dioxide, of aqueous potassium permanganate (100 c.c. saturated at 
15°). The manganese precipitate was brought into solution by 
sulphur dioxide and after the addition of dilute hydrochloric acid 
the ether-soluble contents of the liquid were isolated. The crude 
product was extracted with warm sodium bicarbonate solution, the 
filtrate acidified, and the organic acids were again collected by 
ether. The residue mixed with a little copper powder was cautiously 
heated over a free flame until evolution of carbon dioxide ceased, 
and the product shaken with aqueous sodium bicarbonate and 
ether. The neutral oil obtained from the ethereal solution solidified 
on stirring and the substance crystallised from not too much 
alcohol in needles, m. p. 155° (Found : C, 75-7; H, 5-1. C,,H,,0, 
requires C, 76-1; H, 48%). The colourless solution in sulphurie 
acid exhibits a blue fluorescence. 


The authors desire to thank the Chemical Society for a grant 
which has defrayed a part of the cost of this investigation. 


THE UNIVERSITY, MANCHESTER. [ Received, June 23rd, 1925.] 


* If more water is added, a thick, mucilaginous, colloidal solution results, 
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CCLXVII.—Oxidation Products of Oleic Acid. Pari ITI. 
: Degradation of Dihydroxystearic Acid. 
By Arruur LapwortH and Epwarp NEvILLE Morrram. 


| SPrronDoNov (J. Russ. Chem. Soc., 1887, 19, 646) oxidised dihydr- 
oxystearic acid with potassium permanganate, and an examination 
of the degradation products led to the separation of n-octoic, suberic 
-and azelaic acids. Edmed (J., 1898, 73, 628) carried out further 
investigations in this direction, but obtained no evidence of the 
formation of either suberic or n-octoic acid. He isolated three main 
products, namely azelaic, n-nonoic and oxalic acids, and assumed 
that the last-named was produced by the Aa datitn of the chain 
‘of carbon atoms which otherwise would have yielded pelargonic 
acid. Edmed’s conclusion has been generally accepted, but the 
| evidence obtained by the present authors does not support his 
view. In dilute alkaline solution at the ordinary temperature, 
n-octoic, suberic, and oxalic acids are the main oxidation products 
in several experiments, and it is necessary to conclude that the 
oxalic acid is a primary product in the degradation of dihydroxy- 
stearic acid and is formed by a splitting between the 8—9 and 
_10—11 carbon atoms as indicated below. 


CH,:[CH, ],*CH,-CH(OH)-CH(OH):CH,-[CH,],-C0,H 
CH,[CH,],CO,H CO,H-CO,H CO,H:[CH,],-CO,H 


n-Octoic acid. Oxaliec acid. Suberie acid. 


ee Se 


_ In the conditions employed by Edmed, it appears that this mode 
/of oxidation takes place simultaneously with that of the better 
_known type 
| CH.,-[CH,],-CH(OH)-CH(OH)-[CH,],-CO,H 
CH,*[CH,],-CO,H CO,H-[CH,],.-CO,H 


n-Nonoie acid. Azelaic acid. 


EXPERIMENTAL. 


1. (a) Oxidation. A solution of dihydroxystearic acid (5-0 g.)and 
caustic soda (10 g.) in water (1000 c.c.) was cooled, ice-cold water 
(3000 c.c.) added, and the whole well shaken during the addition 
of 1°%% aqueous potassium permanganate (2000 c.c.). Oxidation 
hhaving proceeded at the ordinary temperature for 23 hours, the 
‘solution was decolorised by sulphur dioxide, concentrated hydro-. 
‘chloric acid (100 c.c.) added, and the white, flocculent precipitate 
“of unchanged dihydroxystearic acid filtered off, and washed with 

“water. Traces of liquid fatty acids were removed from the drained 
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precipitate by washing with a little light petroleum (b. p. 40—60°) 
and the unchanged dihydroxystearic acid (0-40 g., m. p. 130°) was 
recovered. 

The aqueous filtrate was neutralised with sodium carbonate, 
concentrated to about 500 c.c., and excess of hydrochloric acid 
added. The liberated mixed acids, isolated by means of ether,” 
were distilled with steam to separate the volatile portion; on cooling, 
the aqueous solution (75 c.c.) in the distillation flask deposited 1-6 g. 
of crystalline suberic acid, m. p. 137—138°. The mother-liquor 
on evaporation yielded further small quantities of suberic acid 
(0:3 g.). The total'yield of suberic acid obtained was 1-90 g. (Theory | 
requires 2:47 g.) and the equivalent found was 87:9 (C,H,,0, 
requires 87:0), this slightly high value being almost certainly due 
to traces of octoic acid. 

(b) Examination of dibasic acid for azelaic acid. The whole of 
the dibasic acid was warmed with 20—30 c.c. of ether, and the 
solution allowed to crystallise. The solid which separated (1-5 g.) 
was removed by filtration, and the mother-liquor evaporated to 
dryness. This solid was dissolved in water and treated with 
magnesium carbonate. (The magnesium salt of azelaic acid is 
much less soluble in water than that of suberic acid.) The most 
insoluble fraction of magnesium salt was treated with dilute hydro- 
chloric acid, and the free dibasic acid extracted with ether. The 
acid obtained in this way melted at 139°, so that more than traces 
of azelaic acid could not have been present.T 

(c) Lsolation of monobasic acid formed. The aqueous distillate 
containing the liquid fatty acid was extracted with petroleum 
(b. p. 40—60°), and the solution dried with sodium sulphate. The 
liquid left after recovering solvent was freed from traces of petro- 
leum by gently warming under reduced pressure and on cooling to 
9° the acid solidified in colourless laminz, m. p. 14°; the yield of 
monobasic acid was 1-4 g. (Theory for octoic acid is 2-05 g.) 
In conjunction with the results mentioned in the footnote,{ these 
observations show that the greater part of the monobasic ait was 
octoic acid. 

(d) Hstimation of oxalic acid formed. The calcium oxalate precipi- 


* The light petroleum washings from unchanged dihydroxystearie acid 
were reserved and added to the ethereal solution of oxidation products. 

t In another experiment, the dibasic acid (6-5 g.) obtained from a larger 
quantity of dihydroxystearic acid was examined according to the above 
method and no azelaic acid was detected. 

} In another experiment, starting from 16 g. of dihydroxystearic acid, 
4-75 g. of fluid fatty acid distilled steadily at 233—235° at ordinary pressure. 
(Octoic acid boils at 236-237° and nonoic acid at 253-254°.) The equivalent 
found was 142-2; C,H,,O, requires 144-0. 
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_ tated from the aqueous liquor from (c), made alkaline with ammonia, 
by the addition of calcium sulphate solution, was collected after 
12 hours and treated with warm acetic acid. The residue was 
washed with water, and the oxalic acid estimated by titration with 
1% potassium permanganate at 60° (Found : 0-86 g. ; calc., 1-28 g.). 
This quantitative result is, however, not offered with the same degree 
of confidence as those for octoic and suberic acids. 

Oxidation of Dihydroxystearic Acid by Edmed’s Method.—To a 
hot solution of dihydroxystearic acid (6-0 g.) in 150 c.c. of 1% 
caustic potash, 8-2 g. of potassium permanganate dissolved in 
450 ¢.c. of water were added and oxidation was continued until the 
potassium manganate first formed was completely reduced (about 
10 minutes). Manganese dioxide was filtered off, the filtrate acidified 
with sulphuric acid, and unchanged dihydroxystearic acid (3-0 g.) 
was filtered off. The oxidation products were isolated from the 
filtrate as in the above experiments. 

The extracted dibasic acid (1-3 g.) was treated with cold ether, and 
the more soluble fraction (0-9 g.) converted into magnesium salt 
as in 1 (b) above. The most insoluble fraction of the latter yielded 
almost pure azelaic acid (m. p. 105°) (Equivalent found, 93-8; 
required, 94-0). 

The fraction of dibasic acid less soluble in ether melted at 137— 
138° and had the equivalent 87-5. It was therefore mainly suberic 
acid. 

Conclusions.—(1) The oxidation of dihydroxystearic acid by the 
method described in 1 (a) therefore leads to the formation of : 
suberic acid, in amount at least 80% of the theoretical; octoic acid, 
in amount at least 70% of the theoretical; and oxalic acid. 

(2) By Edmed’s original method, both suberic and azelaic acid are 
formed. 


This work was carried out in continuation of researches begun 
under the auspices of the Food Investigation Board of the Depart- 
ment of Scientific and Industrial Research. 

A grant from the Department of Scientific and Industrial 
Research to one of us (E. N. M.) rendered it possible for him to take 
part in the research and is gratefully acknowledged. 


THE UNIVERSITY, MANCHESTER. [Received, July 4th, 1925.] 
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CCLXVITI.—-The Effect of Ultra-violet Inght on Dried 
Hydrogen and Oxygen. 


By HerRsert BRERETON BakeR and MARGARET CARLTON. 


In 1922 Coehn and Tramm (Ber., 56, 455), working with an “ electro- 
lytic ’’ mixture of hydrogen and oxygen, found that the gases 
interacted at the same rate when exposed to the light from a quartz 
mercury lamp whether they were dry or moist. This conclusion, 
if confirmed, would have an important bearing on the theory of 
the determining effect of water vapour. It was thought necessary 
to repeat the experiments, since these authors had not succeeded 
in attaining the same degree of resistance to the effect of heat on 
the dried gases as had been attained by one of us (Baker, J., 1902, 
81, 400). In these experiments,.it was shown that the highly 
dried, ‘“‘ pure ’’ gas mixture could be heated to redness and a silver 
wire melted in it without measurable action. Coehn and Tramm 
have succeeded in obtaining the gases so pure and dry that no 
explosion took place on heating to redness, but slow combination 
only. It is impossible to say why their gases did not give the 
same results as those described in 1902. Their work, as described, 
seems to have been most carefully carried out. The only point 
in their apparatus to which objection might be taken is the presence 
ot two greased taps. The interaction of hydrogen and oxygen is 
one of those most susceptible to the slightest trace of impurity; 
it is possible that a few molecules of vapour from the lubricant 
used may have produced a diminution in the resistance to chemical 
action. 

In our experiments the gases were produced by the electrolysis 
of a solution of barium hydroxide which had been recrystallised 
fifteen times. The reaction tubes were of the clearest fused quartz 
bent mto L shape. The shorter arm was closed. The tubes were 
boiled in a mixture of chromic and nitric acids; after washing 
with distilled water, they were roughly dried in an electric oven 
and heated to bright redness after being exhausted. Air dried by 
phosphorus pentoxide was admitted after heating, the process 
being repeated six times. 

The tubes were then filled with highly purified and dried mercury 
and the gaseous mixture was admitted over a mercury trough. 
It had been found, in the previous work, that the gases evolved 
during the electrolysis were not as resistant to chemical action 
in the first as in the later stages. The gaseous mixture was there- 
fore allowed to escape during 3 days before being collected in the 
quartz tubes. Pairs of tubes, similar in diameter and in shape, 
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were filled at the same time. Into one of the pair was introduced 
a plug of phosphorus pentoxide which had been distilled in oxygen, 
the other being left in the undried condition. Both tubes, mounted 
on a special stand, were left in the dark’room during the time 
specified. | 

The pair of tubes was then arranged symmetrically near a quartz 
‘Mercury vapour lamp, so that both were exposed, as nearly as 
possible, to the same radiation. The part of the tube containing 
the phosphorus pentoxide was shielded from the direct rays of 
the lamp. The amount of chemical action was estimated by 
measurement of the rise of the mercury column in each tube, the 
temperature and pressure being noted at the same time. 

In all, six pairs of tubes have been tested, prepared in the same 
way but with different lengths of time allowed for drying. In 
every case, there was a marked difference between the wet and the 
dry tubes, the latter showing in some cases no measurable action. 

The following table is a summary of the results. 


Rise in mercury 
Time of exposure column (mm.). 


Period of drying. to light (hours). Dry. Wet. 
1 2 weeks 7 4 14 
2 3 weeks 5 4 30 
After 12 hours’ interval 6 ) 43 
ee: 4 weeks 5 0 6-1 
After 12 hours’ interval 3 1 4-5 
After 12 hours’ interval 5 6:5 y 4 
4 7 weeks 64 0 2-3 
After 12 hours’ interval 64 0-35 6-5 
5 8 weeks 5 0:5 5 
After 12 hours’ interval 5 0-1 5 
6 8 weeks 5 0 6-1 
After 12 hours’ interval 6 0 6:2 
After 12 hours’ interval 9 0-5 9-1 
After 12 hours’ interval 84 1-5 10 
After 12 hours’ interval 6 10 12-5 


Note, added August 1st.—One tube, dried for 12 weeks, was exposed at a 
distance of 2 cm. from the quartz mercury lamp for 13 hours without showing 
any measurable contraction. 


It should be noticed that during the 12-hour intervals renewed 
drying is taking place, so that it is probable that only a fraction 
of the water produced (if any) during a day’s exposure is available 
for promoting the chemical action on the next day. 

It is also noticeable that in experiments 3 and 6 there is a sudden 
rise in the amount of gas combined in the dry tubes. This seems 
to be due to the amount of water formed during the previous day 
being too great to be absorbed by the drying agent during the 
hight, so that the gases start in a comparatively moist condition. 


_ It was found impracticable to leave the lamp Pe night, 
. xX 


1992 CHAPMAN : IMINO-ARYL ETHERS. PART III. THE MOLECULAR 


as it had a tendency, after some hours’ run, to go out. On two 
occasions it was found that an exposure of 5 hours to the light had 
produced no action in either the wet or the dry tube. On examin- 
ation it was found that a purple film had formed on the inside of 
the quartz tube of the lamp. Professor R. Wood (Proc. Roy. Soc., 
1924, A, 688) noticed the same phenomenon and he recom- 
mended the opening of the tube and the polishing of the interior 
with rouge. We found, however, that the full activity of the 
lamp could be restored by strongly heating the quartz tube of the 
lamp with a hot bunsen burner. 

It was noteworthy that, in none of the tubes, wet or dry, was 
any tailing of the mercury observed; ozone therefore was not 
formed. The loss of mobility of mercury exposed to ozone forms 
one of the most delicate tests known. In two cases, both of wet 
tubes, a yellow film was formed. This proved to be mercuric 
oxide and amounted in the one tube in which it was determined 
to 4:1 mg. Its formation could not have been due to ozone, which 
produces mercurous oxide, never mercuric oxide. 

Professor Bone (private. communication) considers that phos- 
phorus pentoxide cannot exert its full drying power when its tem- 
perature is allowed to rise above 25°. In the experiments described 
above, the gases generally reach a temperature of above 30°. In 
two of them the part of the tube containing the pentoxide was kept 
surrounded by ice during the whole of the run. The rate of union 
was not found to be altered by this treatment. 


We wish to express our thanks to Messrs. Brunner Mond and 
Co. for a grant for the purchase of apparatus. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, . 
Lonpon, S8.W. 7. [Received, July 4th, 1925.] 


CCLXIX.—Imino-aryl Ethers. Part IIT. The Molecular 
Rearrangement of N-Phenylbenziminophenyl Ether. 


By ARTHUR WILLIAM CHAPMAN. 


Ir is on record (Mumm, Hesse, and Volquartz, Ber., 1915, 48, 379) 
that benzoyldiphenylamine (II) may be obtained by heating 
N-phenylbenziminopheny] ether (I) at 240° for 1 hour. 


heat 
(I.) PhO-CPh‘NPh -——~ O‘CPh:-NPh, (II.) 


On repeating this experiment, unchanged material only could 
be recovered. However, benzoyldiphenylamine was obtained 
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after heating at 270—300° for 2 hours. The transformation had 
apparently occurred completely and without the formation of 
by-products, and therefore merited further investigation, especially 
as no quantitative study seems to have been made of any of the 
isomeric changes among imino-ethers of the aliphatic series and 
imino-esters (Pinner, “‘ Die Imidoaether,”’ 1892; Wislicenus and 
Goldschmidt, Ber., 1900, 33, 1470; Lander, J., 1903, 83, 406; . 
Wheeler and Johnson, Amer. Chem. J., 1903, 30, 24; Busch, 
Blume, and Pungs, J. pr. Chem., 1909, 79, 513; Kuhara, Cent., 
1911, I, 1514; Short and Smith, J., 1922, 121, 1803). 

The dynamics of the reaction were first studied. The purified 
imino-ether was heated in a thermostat maintained at various 
temperatures between 220° and 300°, and the product was sub- 
mitted to thermal analysis (Hollemann, ‘“ Direkte Einfuhrung von 
Substituenten in den Benzolkern,”’ 1910, p. 26). The freezing-point 
curve of mixtures of the two components was drawn from the 
following observations on mixtures of N-phenylbenziminophenyl 
ether with known quantities (a) of benzoyldiphenylamine. 

Se 20 30 40 50 60 70 80 90 95 100 
F. p. ... 107:8° 123-8° 134-8° 144-8° 152-7° 159-7° 165-6° 171-6° 174-6° 176-7° 

The freezing points of mixtures containing less than 20% of 
benzoyldiphenylamine could not be determined accurately. 

The progress of the transformation agreed closely with that 
required by the unimolecular formula; a typical series of observ- 
ations is the following, ¢ being the time of heating in minutes, x the 
percentage of benzoyldiphenylamine formed, and the temperature 
B62° : 

Oe oie 6 a ss 32 60 120 181 240 300 360 


a 33 54 80 90 94 98 99-5 
ox 10° . d-4 5:6 5:8 5:5 5-1 5:7 5:6 Mean 5:5 


The velocity coefficients at different temperatures are : 


Temp. 228° 246—247° 262° 272° 278° 282° 287—288° 292—293° 
kx 10? 0-1—0-2 1-6 5:5 11 18 23 34 45 

The mean temperature coefficient between 246° and 292° was 
2-06 per 10°. 

N-Phenylbenzimino-o-chlorophenyl ether and WN -phenylbenz- 
imino-p-chlorophenyl ether, heated at 270—290° for 2 hours, gave 
benzoyl-o- and -p-chlorodiphenylamine, respectively, by changes 
corresponding to that of (I) into (II). 

The mobile group must therefore have become attached to the 
nitrogen atom by the nuclear carbon atom originally attached to 
the oxygen (compare Montagne, Ber., 1918, 51, 1479). 
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The assumption has frequently been made that in changes of this 
character the migration of the mobile atom or group is preceded by 
its partial dissociation from the remainder of the molecule, followed 
by a redistribution of the valency bonds and recombination to 
form the isomeric compound; some workers have assumed com- 
plete dissociation (Briih!, Ber., 1899, 32, 2326; Lapworth, J., 1901, 
79, 1265; Nef, J. Amer. Chem. Soc., 1904, 26, 1549). The absence 
of by-products formed by the combination of two similar free 
radicals could be accounted for by regarding the dissociation as 
ionic in character. Recently Meerwein and van Emster (Ber., 
1922, 55, 2500; compare also Annalen, 1923, 435, 190, 207) have 
applied this view to the interpretation of the isomeric change of 
camphene hydrochloride into bornyl chloride, and have shown 
that the velocities of the transformation in different solvents are 
proportional to the ionising powers of the latter. Others, however, 
have preferred to express the course of such transformations in 
terms of partial valencies without assuming the formation of ions 
or free radicals (Robinson, Mem. Manc. Lit. Phil. Soc., 1920, 64, 
No. 4; Tiffeneau, Rev. Gen. Sci., 1907, 583; Stark, “ Prinzipien der 
Atomdynamik,’’ 1915, II, 156; Mumm, Hesse, and Volquartz, 
loc. cit.). 

It seemed desirable to test the validity of the ionic hypothesis 
in the present instance, and a number of measurements were made 
of the electrical conductivity of the imino-ether and its isomeride 
before, during, and after the completion of the isomeric change. 
The results obtained were mainly comparative. The specific 
conductivity of the imino-ether between 250° and 280° was of the 
order 10% to 10%. The low conductivity of the imino-ether remained 
constant so long as no appreciable isomeric change occurred, as 
was shown by heating the ether at 200° for several hours. When 
the imino-ether was heated at a higher temperature, an increase in 
conductivity occurred simultaneously with the isomeric change. 
At first rapid, it became slower, and finally the conductivity remained 
constant, the end of the increase coinciding with the completion of 
the isomeric change. Samples of benzoyldiphenylamine had 
identical conductivities within the range of experimental error 
whether prepared (a) by heating the imino-ether, or (6) as in (a) but 
subsequently crystallised from alcohol and dried, or (c) from 
diphenylamine and benzoyl chloride. The specific conductivity 
was of the order of 10 to 107 at 250—280°. | 

These observations can readily be explained in terms of the 
ionic hypothesis by supposing that the first stage consists in the 
rupture of the bond between the phenyl radical and the oxygen 
atom, a pheny! ion and an ionised residue being: produced; re- 
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arrangement of the linkings in the residue fcllows, and combination 
of the phenyl ion with the nitrogen atom : 


2NPh Ot 


PhC= OPh 


—> Phe Eh 2 Reape 


pho<NPh sa dg oN pub Pac< iF hy 


The first stage would give the reaction its unimolecular character, 
‘the succeeding ones being comparatively very rapid. The final 
stage would result in an equilibrium between ionised and non- 

ionised benzoyldiphenylamine. 

_ The results of the determinations with different samples of 
: benzoyldiphenylamine rendered it unlikely that the observed 
_ conductivity change was due to a trace of a by-product formed 
_ during the transformation; but the possibility was not excluded 
that it might arise from the constant presence of a trace of impurity 
in the changing medium of the molten mixture. Such a source of 
error—which might arise from the liberation of water adsorbed 
on the glass walls of the cell, as well as from the presence cf 
impurities in the substances used—could be guarded against only 
partially by careful purification of material and apparatus, and 
hence it was decided to employ a more trustworthy test of the 
ionisation of the materials undergoing change. 

_ N-p-Tolylbenzimino-p-tolyl ether undergoes rearrangement at 
_ the same temperatures as N-phenylbenziminophenyl ether. Ii the 
_ change is ionic in the one case, it should be so in the other, and if 
_a mixture of these two imino-ethers were heated at the trans- 
_ formation temperature a certain amount of benzoylphenyl-p-tolyl- 
amine should be formed by exchange of the mobile groups, in 
_ addition to the two symmetrical products. 


PhC(‘NPh)-OPh—> PhCO-NPh-~-++ Ph == PhCO-NPh, 


yy 


| “S Paco:NPh(C,H,) 


\ 


» PhC(-N:C_H,)-O-C,H.>PhCO-N:C,H,-~ +-C,H > == 
; PhCO:-N(C,H-), 
A mixture of N-phenylbenziminopheny] ether and N-p-tolyloenz- 
imino-p-tolyl ether in equal molecular proportions was heated at 

| 290° until the freezing point of the product was constant (159-8°). 
_ This freezing point was identical with that of a freshly made mixture 
of benzoyldiphenylamine and benzoyldi-p-tolylamine in equal 

B molecular proportions. After the latter mixture had been heated 
for several hours at 250—290°, the freezing point was unchanged, 
showing that here again no third substance was produced. Inter- 
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change of groups to form benzoylphenyl-p-tolylamine had therefore 
not taken place. ) 

The conclusion cannot be resisted, in view of this evidence, that the 
isomeric change of an imino-ether into a substituted amide is not 
ionic in character. This conclusion can probably be extended to 
other isomeric changes, where, under the influence of heat, an 
aryl group migrates to a different position in the molecule, and 
serves to confirm the view, recently expressed (Ann. Rep., 1924, 98), 
that the ionic hypothesis should be applied only to those’ structures 
which exhibit independent evidence of capacity to ionise. 


EXPERIMENTAL. 


Preparation and Purification of Materials —The N -phenylbenz- 
iminophenyl ether was prepared by the same method as NV -pheny!l- 
benzimino-m-hydroxyphenyl ether (J., 1922, 4241, 1679). It was 
recrystallised from alcohol until both the m. p. (105°) and the 
velocity of isomeric change were constant. Further recrystal- 
lisation from benzene produced no effect on either property. 

The benzoyldiphenylamine prepared from diphenylamine and 
benzoyl! chloride was recrystallised from alcohol until the m. p: 
was constant. 

Dynamical Experiments.—Five grams of imino-ether were used for 
each determination. The material, in a test-tube, was rapidly 
heated to approximately the required temperature in a separate 
oil-bath and then quickly transferred to an electrically heated, 
oil-filled thermostat maintained within 0-5° of the temperature of 
the experiment. At the end of the required time the tube was 
removed; the cooled melt could then be analysed at leisure. 

The freezing-point determinations were conducted in the same 
tube, which was enclosed in a wider tube, itself immersed in an oil- 
bath maintained a few degrees below the freezing point of the 
mixture. Readings were easily obtained concordant to 0-25°, 
corresponding to an accuracy of 0-5%. 

The freedom of the benzoyldiphenylamine from impurity when 
obtained by prolonged heating of the imino-ether (10 g., heated at 
280° for 3 hours and then at 290° for 50 minutes) was proved by 
the identity of its freezing point with that of pure benzoyldiphenyl- 
amine (176-7°). A special thermometer was used which could. be 
‘read to 0:05°. 

Isomeric Change of Chloro-substituted Imino-ethers.—These com- 
pounds were prepared from o- and p-chlorophenols by the method 
referred to above. 

N-Phenylbenzimino-o-chlorophenyl ether crystallises from alcohol 
in almost colourless, stout prisms, m. p. 88°. It is very soluble in hot 
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: alcohol, but only sparingly soluble in cold (Found: N, 4:6. 
—C,9H,,ONCI requires N, 4:55%). 

_ When heated at 270—280° for 1 hour and then crystallised from 
alcohol, it yielded hard crusts of constant m. p. 95—96°, which did 
not depress the m. p. of benzoyl-o-chlorodiphenylamine prepared 

as described below (Found: N, 4-7. C,,H,,ONCl requires N, 

4:55%). 

_ N-Phenylbenzimino-p-chlorophenyl ether crystallised from alcohol 

‘in pale yellow, long prisms, m. p. 92—93° (Found: N, 4:75%). 

Hydrolysis with 50% sulphuric acid yielded p-chlorophenyl benzoate 
(m. p. 88—88-5°) identical with a sample prepared from p-chloro- 

phenol. When heated at 280—290° for 2 hours and then recrystal- 
lised from alcohol, it yielded long prisms of constant m. p. 109—110° 

which did not depress the m. p. of benzoy]-p-chlorodiphenylamine 

‘prepared as described below (Found: N, 4:7%). 

Benzoyl-o-, -m-, and -p-chlorodiphenylamines were prepared as 

described by Ullmann (Annalen, 1907, 355, 338) by heating the 
corresponding chlorophenylanthranilic acids. o-Chlorodiphenyl- 

amine was obtained only after heating o-chlorophenylanthranilic 
acid at 300—320° for 5hours. It isa pale yellow oil, b. p. 300—303°/ 

753 mm. | 

The bases were benzoylated by heating with benzoyl chloride, 
and the benzoyl derivatives crystallised from alcohol. 

Benzoyl-o-chlorodiphenylamine, m. p. 95° (Found: N, 4:6%), and 
benzoyl-m-chlorodiphenylamine, m. p. 101—102° (Found: N, 4:6%), 
erystallise in hard crusts; the m. p. of the latter was depressed by 
the addition of either of the substances prepared by heating the 

‘o- and p-chloro-iminoethers. Benzoyl-p-chlorodiphenylamine crys- 
tallises in prisms, m. p. 109—109-5° (Found: N, 4:7%). 

Measurements of Electrical Conductivity—The electrodes were 
bright platinum foil cylinders 1-0 and 0-7 cm. respectively in diameter 
and 1 cm. high, secured in position one inside the other by sealing 
their platinum stems through two rigidly connected glass tubes. 
The constant of the cell was approximately 2-4 x 107 at 21°, and 
ho appreciable leak could be detected at 275°. 

As the resistances to be measured were very high (10° to 10? 
ohms), the arrangement devised by Ambronn (Ann. Physik, 1919, 
58, 139) was employed, consisting of a battery and galvanometer 
connected to the conductivity cell through a rotating commutator 
which reversed the current through the cell about 100 times per 
second. The apparatus was calibrated by comparison with a 
series of standard high resistances. 

The samples (5 g. in each case) were well dried and heated as in 
the dynamical experiments. The electrodes were immersed in the 


F 
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fused material, and readings taken from time to time throughout 
the whole period of the transformation. The temperatures 
employed varied from 260° to 280°. 

N-p-Tolylbenzimino-p-tolyl ether, prepared from benz-p-toluidide- 
iminochloride and p-cresol by the method already described, formed 
very pale yellow prisms, m. p. 65—66° (Found: N, 4-75. C,,H,,ON 
requires N, 4:65%). When heated at 270-~-300° for 2 hours, it 
yielded benzoyldi-p-tolylamine ; this, prepared also from di-p- 
tolylamine and benzoyl chloride, formed nearly colourless prisms, 
m. p. 124—125° (Found: N, 4:7. C,,H,,ON requires N, 4:65%). 


The author wishes to express his indebtedness to the Chemical 
Society for a grant which*has defrayed part of the expenses of this 
investigation, and to Messrs. Metropolitan-Vickers Electrical 
Company, Ltd., for the loan of the rotating commutator. 


THE UNIVERSITY, SHEFFIELD. [ Received, June 20th, 1925.] 


CCLXX .—Substitution in Derivatives of Quinol Ethers. 
By Leon RUBENSTEIN. 


is THE investigation of substitution in the case of dialkyloxy vicinal 
~“€ benzene derivatives of type I (Davies and Rubenstein, J., 1923, 
: si 0493, 2836) showed that. during nitration each alkyloxy-group 
33 .4, OR,OR, exerts its para- directing influence independently of the 
other, a during bromination only the group —OR is potent 
in determining the orientation of the brominated product. The 
relative amounts of the isomerides produced in the nitration experi- 
ments, which could not then be estimated, have now been deter- 
mined in the case of o-veratraldehyde (Perkin, Robinson, and 
Stoyle, J., 1924, 125, 2355). The results obtained in those investig- 
ations made it desirable to examine the nitration and bromination 
of substances of type Ii in which only ortho-substitution with 
respect to the alkyloxy-groups can take place. 


OR OMe 
0 OR & Des a) « cog CE) 
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Experiments on the nitration of 2-hydroxy-5-methoxybenzalde- 
hyde (III) indicate that the substance formed is the 3-nitro-benz- 
aldehyde (IV), for when its methylation product (V) is hydrolysed 
3-nitro-2-hydroxy-5-methoxybenzaldehyde is reformed. The bromin- 
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ation of 2 -hydroxy- 5- methoxybenzaldehyde yields the 3-bromo- 
‘benzaldehyde, as is shown in the following manner: 3-Nitro- 
2 : 5-dimethoxybenzaldehyde (V) is oxidised to 3-nitro-2 : 5-dimethoxy- 
benzoic acid (VI), which is reduced to 3-amino-2 : 5-dimethoxy- 
benzoic acid (VII); from this by the Sandmeyer process is produced 
3-bromo-2 : 5-dimethoxybenzoic acid (VIIL), identical with the acid 
‘obtained by oxidising bromo-2-hydroxy-5-methoxybenzaldehyde 
after methylation (IX). 


OMe OMe OMe 
eid ati (3 C9 
ON Crete (JN 1H CO.E 
| ey \ AHO" ONL OH 
(IV.) OH (V.) OMe OMe (VI.} 
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H,)} 2 ¥ Br 9 a 
cg ote rT 02H Br ’ CHO 3 
(VII.) OMe (VIIT.) OMe OMe (TX.) 


The nitration of 2 : 5-dimethoxybenzaldehyde gives a mixture of 
6-nitro-2 : 5-dimethoxybenzaldehyde (80°) and 3-nitro-2 : 5-dimethoxy- 
benzaldehyde (20%). The former substance has its nitro-group in 
the ortho-position with respect to the aldehyde group, for it gives 
“an indigotin derivative when treated with acetone and aalie It 
Diclds 6-nitro-2 : 5-dimethoxybenzoic acid on oxidation. The 
bromination of 2:5-dimethoxybenzaldehyde gives  6-bromo- 
2: 5-dimethoxybenzaldehyde as the only product, and from this 
_6-bromo-2 : 5-dimethoxybenzoic acid is obtained by oxidation. 

The remaining portion of the work consists in the investigation 
of the nitration and the bromination of 2 : 5-dimethoxyacetanilide. 
‘The nitration of this substance yields 4-nitro-2 : 5-dimethoxyacet- 
anilide, as is shown by the fact that hydrolysis converts it into the 
nitro-2 : 5-dimethoxyaniline which on diazotisation and subsequent 
‘treatment in the Sandmeyer manner yields 3-bromo-6-nitroqguinol 
dimethyl ether. On bromination, 2 : 5-dimethoxyacetanilide yields 

4.bromo-2 : 5-dimethoxyacetanilide, the usual proof being applied, 
namely, conversion into the 4-bromo-2 : 5-dimethoxyaniline, diazotis- 
ation, and treatment with cuprous bromide to give dibromoquinol 
dimethyl ether. 


€ 


EXPERIMENTAL. 
2-Hydroxy-5-methoxybenzaldehyde was obtained by Tiemann 
and Miiller (Ber., 1881, 14, 1990) in small yield, but the following 
modification gives much better results. Quincl monomethyl ether 
(40 g.) dissolved in a concentrated aqueous solution of sodium 
hydroxide (19 g. in 55 c.c. of water) is heated on a water-bath 


} 
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while chloroform (42 g.) and sodium hydroxide solution (56 g. in 
60 c.c. of water) are added alternately during 2 hours. The mixture 
is then heated for 1 hour, the sodium salt of the aldehyde separating 
in yellow, metallic crystals. The whole is strongly acidified, steam- 
distilled, the distillate extracted with ether, and the ethereal 
extract kept for some time over a concentrated solution of sodium 
bisulphite. The major portion of the ether is distilled off and the 
bisulphite compound of the aldehyde, which separates, is removed, 
decomposed by hot dilute sulphuric acid, and the aldehyde extracted 
with ether. The ether is removed and the residue distilled under 
reduced pressure, when 2-hydroxy-5-methoxybenzaldehyde is 
obtained as a light yellow, refracting liquid, b. p. 124°/12 mm. 
(yield 8-5 g., 2.e., 25%). 
3-Nitro-2-hydroxy-5-methoxybenzaldehyde.—To a cold solution of 
2-hydroxy-5-methoxybenzaldehyde (10 g.) in glacial acetic acid 
(50 c.c.) is added with cooling and stirring a solution of nitric 
acid (50 c.c.; d 1-42) in glacial acetic acid (50 c.c.), the temper- 
ature being maintained between 10° and 20°. 3-Nitro-2-hydroxy- 
5-methoxybenzaldehyde, which soon begins to separate, is collected 
after a few hours (yield 6-5 g.; m. p. 127°). The glacial acetic 
acid solution is diluted with water, neutralised with sodium 
bicarbonate, and extracted with ether; from the extract a further 
4-5 g. of the substance is obtained (total yield 88%). 3-Nitro- 


2-hydroxy-5-methoxybenzaldehyde crystallises in bright yellow 


needles, m. p. 132°. It does not yield an indigotin derivative when 


treated with acetone and sodium hydroxide solution. With ferric 
chloride solution, it gives a red coloration (Found: N, 7:2. 


C,H.O;N requires N, 7-1%). 

"The p-nitrophenylhydrazone crystallises in scarlet prisms, decomp. 
250°. 

3-Nitro-2 : 5-dimethoxybenzaldehyde—A _ solution of 3-nitro-2- 
hydroxy-5-methoxybenzaldehyde (6 g.) in dry chloroform (20 c.c.) | 
and methyl iodide (10 c.c.) is heated on a water-bath while finely 
powdered silver oxide (6 g.) is added during 2 hours. After being 
heated for a further 1 hour, the mixture is filtered hot, some of the 
chloroform evaporated, and the solution cooled; 3-nitro-2 : 5- 
dimethoxybenzaldehyde then crystallises in pale yellow needles, 
m. p. 113°. More of the substance is obtained from the mother- 
liquors (yield almost theoretical) (Found: WN, 6-85. C,H,O;N 
requires N, 6:7%). When it is boiled for a short time with 10% 
sodium hydroxide, and the solution is acidified, 3-nitro-2-hydroxy- 
5-methoxybenzaldehyde can be extracted from the precipitate 
obtained. 

3-Bromo-2-hydroxy-5-methoxybenzaldehyde.—2 - Hydroxy - 5 - meth- 
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oxybenzaldehyde (6 g.) is dissolved in glacial acetic acid (30 c.c.), 
-and powdered, freshly-fused sodium acetate (3-6 g.) added. The 
suspension is well stirred, cooled to 5°, and treated with a solution 
of bromine (6 g.) in glacial acetic acid (12 c¢.c.), when 3-bromo- 
2-hydroxy-5-methoxybenzaldehyde rapidly separates. After remain- 
ing for a few hours, the mixture is diluted with water and the solid 
collected (yield 7-3 g. or 80%). It crystallises from aqueous alcohol 
in light brown needles, m. p. 107° (Found: Br, 35-0. C,H,O,Br 
requires Br, 34:-6%). The p-nitrophenylhydrazone forms scarlet 
prisms, decomp. above 250°. 

3-Bromo-2 : 5-dimethoxybenzaldehyde.—A solution of 3-bromo- 
2-hydroxy-5-methoxybenzaldehyde (6-5 g.) in alcohol (59 c.c.) is 
boiled under reflux during the gradual addition of methyl! p-toluene- 
sulphonate (10-5 g.) and. 30% sodium hydroxide solution (4 c.c.). 
After boiling for 3 hours, the red alcoholic solution is diluted with 
water and the solid collected; after twice crystallising from aqueous 
alcohol, it forms needles, m. p. 63° (Found: Br, 32-3. C,H,O,Br 
requires Br, 32-6%). 

Nitration of 2 : 5-Dimethoxybenzaldehyde.—Finely-powdered 2 : 5- 
dimethoxybenzaldehyde (3 g.) was added with cooling and stir- 
ring to cold nitric acid (12 ¢.c.; d 1-42). After remaining at room 
temperature for several hours, the mixture was diluted with water, 
and the solid (3:4 g.) collected. The mixture, m. p. 130—153°, 
was fractionally crystallised from alcohol, the main product being 
6-nitro-2 : 5-dimethoxybenzaldehyde (vide ante), m. p. 159°. The 
mother-liquors deposited a small amount of 3-nitro-2 : 5-dimethoxy- 
benzaldehyde (m. p. 113°), which gave no depression of melting 
point when mixed with a sample of 3-nitro-2 : 5-dimethoxybenz- 
aldehyde prepared by the methylation of 3-nitro-2-hydroxy-5- 
methoxybenzaldehyde (p. 2000). 

6-Nitro-2 : 5-dimethoxybenzaldehyde crystallises from alcohol in 
pale yellow needles, m. p. 159° (Found: N, 6-8. C,H,O;N requires 
N, 6:7%). The p-nitrophenylhydrazone forms scarlet prisms, m. p. 
245—250° (decomp.). 

6-Bromo-2 : 5-dimethoxybenzaldehyde.—A cooled solution of 2: 5- 
dimethoxybenzaldehyde (2-8 g.) in glacial acetic acid (16 c.c.) is 
treated with bromine (2°8 g.) in glacial acetic acid (8 c.c.), kept 
for 2 days, and diluted with water; an oil then separates which 
rapidly solidifies. It crystallises from alcohol in pale grey needles, 
m. p. 125—126°, which become pink on exposure to the air (Found : 
Br, 29-1. C,H,O,Br requires Br, 28-7%). The p-nitrophenyl- ° 
hydrazone consists of hexagonal, scarlet prisms, m. p. 204—206°. 

3-Nitro-2 : 5-dimethoxybenzoic Acid.—3-Nitro-2 : 5-dimethoxy- 
benzaldehyde (6 g.) is added to water (60 c.c.) containing potassium 


4 
= 


2002 RUBENSTEIN : 


bicarbonate (4:2 g.), and boiled during the addition of potassium 
permanganate solution (6 g. in 60 c.c. of water). The hot solution 
is filtered, allowed to cool, and unchanged aldehyde collected. 
The reddish-yellow aqueous solution is acidified with dilute hydro- 
chloric acid, when 3-nitro-2 : 5-dimethoxybenzoic acid (3-5 g.) is 
precipitated. It crystallises from hot water in long needles, m. p. 
182—183° (Equiv. : found, 225; calc., 227). 

6-Nitro-2 : 5-dimethoxybenzoic Acid. — 6-Nitro-2 : 5-dimethoxy- 
benzaldehyde is oxidised as described above. The acid crystallises 
from hot water in pale yellow prisms, m. p. 192° (Equiv.: found, 
W220) dale .V 227). 

3-Amino-2 : 5-dimethoxybenzoic Acid—A mixture of 3-nitro- 
2: 5-dimethoxybenzoic acid (7 g.) and concentrated hydrochloric 
acid (24 c.c.) is gradually treated with tin (7 g.) and heated on a 
water-bath for 3 hours, water (50 c.c.) is added, and the tin removed 
from the hot solution as sulphide. The colourless filtrate is evapor- 
ated under reduced pressure, when the hydrochloride of 3-amino-2 : 
5-dimethoxybenzoic acid separates in long, white needles (yield 5 g. 
or 80°%). 

The hydrochloride is easily soluble in water or alcohol, more 
difficultly soluble in concentrated hydrochloric acid, from which 
it can be crystallised. The solutions turn pink and then red on 
exposure to the air. When heated, the solid becomes very dark 
at 170° and decomposes at 215°. 3-Amino-2 : 5-dimethoxybenzoie 
acid is obtained by treating a solution of the hydrochloride in a 
small quantity of water with solid sodium carbonate until it is just 
acid to Congo-red, and evaporating under reduced pressure; after 
a long time, the acid separates in white, slender needles which 
turn black at 170° and decompose at 210—215°. It is soluble in 
acids, alkalis, and hot water; the latter two solutions turn green on 
exposure to the air (Found: N, 6-9. C,H,,0,N requires N, 7-0%). 

3-Bromo-2 : 5-dimethoxybenzoic Acid.—A mixture of 3-bromo- 
2 : 5-dimethoxybenzaldehyde (5:5 g.), water (55 ¢.c.), and potassium 
bicarbonate (3-8 g.) is boiled during the addition of 10% potassium 
permanganate (55 c.c.), filtered hot, cooled, and again filtered. 
The colourless filtrate is acidified with dilute hydrochloric acid, 
and the precipitated 3-bromo-2 : 5-dimethoxybenzoic acid (yield 
4-5 g. or 85%) is erystallised from aqueous alcohol, when it is 
obtained in white, microscopic prisms, m. p. 132° (Equiv.: found, 
258; cale., 261). 

6-Bromo-2 : 5-dimethoxybenzoic Acid.—6-Bromo-2 : 5-dimethoxy- 
benzaldehyde is oxidised as described above. The acid crystallises 
from aqueous alcohol in white, microscopic prisms, m. p. 164— 
165° (Equiv. : found, 259; calc., 261). 
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| 4:4':7:7'-Tetramethoxyindigotin—Aqueous potash (1 c.c. of 
10%) is added to a solution of 6-nitro-2 : 5-dimethoxybenzaldehyde 
(0-4 g.) in acetone (2 c.c.). The deep blue liquid is mixed with 
water (20 c.c.) and boiled for a few minutes; the indigotin then 
separates. It has a rich deep blue appearance and crystallises 
from nitrobenzene in deep purple rhombs which sublime at 350°. 
_ 4-Bromo-2 : 5-dimethoxyacetanilide—When 2 : 5-dimethoxyacet- 
‘anilide (5 g.) dissolved in glacial acetic acid (25 c.c.) is treated with 
BR cmnine (3-3 g.) in 4 c.c. of glacial acetic acid, 4-bromo-2 : 5-di- 
methoxyacetanilide soon separates from the well-cooled solution. 
After the mixture has been diluted with water, and the acetic acid 
neutralised with sodium carbonate, ether extracts the product, 
which crystallises from dilute alcohol in pale pink rhombs, m. p. 
22° (yield 5:6 g. or 80%) (Found: Br, 29-3. C,)H,,.O0;NBr 
requires Br, 29-1%). 
| 4-Bromo-2 : 5-dimethoxyaniline Hydrochloride —4-Bromo-2 : 5-di- 
methoxyacetanilide (12 g.) is boiled with 20% alcoholic hydro- 
‘chloric acid (20 c.c.) for 15 minutes; the 4-bromo-2 : 5-dimethoxy-: 
‘aniline hydrochloride which separates crystallises from alcohol 
‘in white, microscopic plates which become blue at 160° and decom- 
“pose above 300°. 
; 4-Bromo-2 : 5-dimethoxyaniline forms pale pink prisms, m. p. 
106°. The hydrobromide is obtained by keeping an ethereal solu- 
‘tion of the base in contact with hydrobromic acid (d 1-5), when it 
slow ly separates in fine, yellow needles which turn blue at 160° 
‘and decompose slowly above this temperature. 
4 Diazotisation. Methyl nitrite is passed through a solution of 
4-bromo-2 : 5-dimethoxyaniline hydrobromide (20 g.) in glacial 
acetic acid (60 c.c.) at 10°. The deep brown solution of 4-bromo- 
'2:5-dimethoxybenzenediazonium bromide is poured into dry 
‘ether, the ether decanted off, and the solid diazonium salt dissolved 
in ice-cold water (40 c.c.). The aqueous solution is added cautiously 
to a solution of cuprous bromide in concentrated hydrobromic 
‘acid and heated on a water-bath; nitrogen is then evolved and 
2: 5-dibromoquinol dimethyl ether separates. This crystallises 
from alcohol in colourless needles, m. p. 143°, not depressed on 
admixture with the dibromoquinol dimethyl ether prepared by the 
bromination of quinol dimethyl ether. 
_ 4-Nitro-2 : 5-dimethoxyacetanilide.—A solution of 2 : 5-dimethoxy- 
acetanilide (10 g.) in glacial acetic acid (50 c.c.) is treated at 5° 
with nitric acid (d 1-42; 10 c.c. in 50 c.c. of glacial acetic acid). 
_ After 1 hour, water is added. The 4-nitro-2 : 5-dimethoxyacetanilide 
: “Which separates (yield 11 g. or 90%) crystallises from alcohol in yellow 
‘prisms, m. p. 165° (Found: N, 11-8. ©, ,H,.0;N, requires N, 11-7%). 
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4-Nitro-2 : 5-dumethoxyaniline Hydrochloride.—4-Nitro-2 : 5-di- 
methoxyacetanilide (10 g.) is boiled with 20% alcoholic hydro- 
chloric acid (25 ¢c.c.) for 1 hour. The grey crystals of the hydro- 
chloride that separate on cooling (yield theoretical) crystallise 
from alcohol in yellow, metallic prisms, m. p. 160° (decomp.) 
(Found: N, 12:1. O,H,,0,N,Cl requires N, 11-9%). 

4-Nitro-2 : 5-dimethoxyaniline forms yellow prisms, m. p. 153°. 

Diazotisation of 4-Nitro-2 : 5-dimethoxyaniline Hydrobromide.— 
The solution obtained by diazotising 4-nitro-2 : 5-dimethoxyaniline 
hydrobromide (4 g.) in concentrated hydrobromic acid (20 c.c.) 
and water (25 c.c.) at 0° with 2-5 c.c. of 40% sodium nitrite is 
filtered, added cautiously to a solution of cuprous bromide in con- 
centrated hydrobromic acid, and the mixture heated on a water- 
bath for a short time. The 2-bromo-5-nitroquinol dimethyl ether 
that separates is washed with concentrated hydrobromic acid and 
with water and crystallised from alcohol. The product, pale yellow 
prisms, m. p. 154°, does not depress the m. p. of 2-bromo-5-nitro- 
quinol dimethyl ether obtained by bromination of nitroquinol 
dimethyl! ether. 


The author is indebted to the Research Fund Committee of the 
Chemical Society for a grant which has defrayed some of the expenses 
of this investigation. | 


THE Dyson PERRINS LABORATORY, 
OXFORD. [| Received, June 30th, 1925.] 


CCLXXI.—The Relative Rates of Conversion of 
Phenoxyphenyldichloroarsine and its Chloro-deriv- 
atives into Chlorophenoxarsines. 


By Exwyn Roserts and Eustace EBENEZER TURNER. 


IT was previously shown (Turner and Sheppard, this vol., p. 544) that 
o-phenoxyphenyldichloroarsine readily passes into 5-chlorophen- 
oxarsine (there named 6-chlorophenoxarsine) when distilled under 
diminished pressure, and it was suggested that polarity effects might 
account for this then unusual ring-closure.. It was therefore decided 
to test the effect, on the ring-closure, of a polar substituent in the 
dichloroarsine. In starting the work, the present authors were 
unaware of the fact that diphenylyl-o-arsenious chloride is readily 
converted into oo’-diphenylylenearsenious chloride (Aeschlimann, 
Lees, McCleland, and Nicklin, this vol., p. 66). 

It having been found that o-phenoxyphenyldichloroarsine under- 
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went ring-closure at a readily measurable rate when heated at 200° 
in a current of carbon dioxide, it was decided to compare, under 
these conditions, the rate of ring-closure of the parent o-phenoxy- 
compound (I) and its ortho- (II), meta- (III), and para- (IV) chloro- 
derivatives : 


Cl 
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(I.) (II.) (III.) (IV.) 
Compounds (II), (III) and (IV) were synthesised from the appro- 
priate chlorophenol by processes similar to that originally used for 
the synthesis of (I). Preliminary experiments showed that whilst 
the compounds (IL) and (IV) could be distilled under diminished 
pressure with only partial decomposition, compound (III) under- 
went very considerable ring-closure, a result which at first sight 
appeared to support the alternate polarities theory. 

5 : 8- (see below) and 5 : 7-Dichlorophenoxarsines were prepared in 
two ways; first, by prolonged boiling of dichloroarsines (III) and 
(IV) under diminished pressure,-and secondly by the reduction 
(hydrochloric—hydriodic-sulphurous acid method) of the corre- 
sponding chlorophenoxarsinic acids (V), the latter.being obtained 
by the action of warm concentrated sulphuric acid on the correspond- 
ing chlorophenoxyphenylarsinic acids (VI) : 
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5 : 9-Dichlorophenoxarsine was prepared by boiling the correspond- 
ing phenoxydichloroarsine under diminished pressure. 
_ The constitutions of three of the chlorophenoxarsines follow from 
their mode of formation from the corresponding dichloroarsines. 
That of the chlorophenoxarsine obtained from 2-m-chlorophenoxy- 
phenyldichloroarsine, however, may be either (VII) or (VII) : 


O | O O 
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(VII.) (VIII.) (IX.) 
5: 8-Dichlorophenoxarsine (VII) has therefore been synthesised 
by a process which leaves no doubt as to its constitution. When 
2:4-dichloronitrobenzene is warmed with 1 mol. of potassium 
phenoxide in phenol as solvent, the 2-chlorine atom is displaced by 
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phenoxyl. The resulting 5-chloro-2-niirodiphenyl ether is readily 
converted by the usual series of reactions into 4-chloro-2- phenoxy- 
phenyldichloroarsine (1X), and the latter, when heated at 200° in 
a current of carbon dioxide affords 5 : 8-dichlorophenoxarsine, 
identical in all respects with the product obtained from 2-m-chloro- 
phenoxyphenyldichloroarsine. It also follows that the substance 
obtained by heating 2-m-chlorophenoxyphenylarsinic acid with 
concentrated sulphuric acid is 5 : 8-dichlorophenovarsinic acid. 

In order to compare their rates of ring-closure, the four dichloro- 
arsines were heated simultaneously in the same bath kept at 200°. 
Through each dichloroarsine carbon dioxide was bubbled at the same 
rate, and the hydrogen chloride liberated was determined at intervals. 
In this way it was found (see p. 2012) that o-phenoxyphenyl- 
dichloroarsine (I) undergoes ring-closure much more readily than 
does its m-chloro-derivative (III), whilst the latter in turn undergoes 
ring-closure much more rapidly than the ortho- (II) or para- (IV) 
derivative, the last two compounds undergoing ring-closure at 
approximately equal rates. 

This result appears to show conclusively that the polarising effect 
of the chlorine atom is not the sole determining influence affecting 
ring-closures of dichloroarsines to chlorophenoxarsines, just as the 
polarising effect of the oxygen atom can no longer be regarded as 
the main determining influence causing the ready formation of 
5-chlorophenoxarsine itself. 

The theory of alternate latent polarities requires compound (III) 
(combined effects of chlorine and oxygen) to pass more readily than 
(I) into a phenoxarsine, and (II) and (IV) to undergo ring-closure 
much less readily (opposed effects of chlorine and oxygen). A 
purely steric effect on the part of the chlorine atom would account 
for the observed fact. that compound (I) undergoes ring-closure 
more readily than compound (III), but scarcely explains why (II) 
and (IV) pass into chlorophenoxarsines so much less readily. The 
main determining factor appears to be a steric one, modified by 
polar effects. In the case of compound (III), the steric outweighs 
the polar effect of the chlorine atom, whilst in the case of (II) and 
(IV) it enhances this effect. 4-Chloro-2-phenoxyphenyldichloro- | 
arsine (IX) (see below) is apparently even more readily converted 
into a phenoxarsine than o-phenoxyphenyldichloroarsine itself. 
This is in full agreement with a combined steric and polarity effect. : 
In explaining the results obtained, Flirscheim’s theory does not 
appear to present any advantages over the theory of alternate 
latent polarities, which, on this occasion at any rate, seems to be. 
capable of definite interpretation, whilst the more subtle alternation 
of free affinity is not readily dealt with in the case of two key-atoms' 
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aving opposite effects. The observations of Altschul in con- 
nexion with the coupling of diazo-solutions with the isomeric nitro- 
phenols are of interest in comparison with the present results (Chem.- 

‘Zig., 1898, 22, 115). 

When o-phenoxy- or 2-0-chlorophenoxy-phenylarsinic acid is 
heated with concentrated sulphuric acid, the corresponding phen- 
“oxarsinic acid isnot obtained. Since each phenyl nucleus in diphenyl 
ether is readily monosulphonated, the different behaviour of the 
four phenoxyphenylarsinic acids may be explained as follows: 
‘Phenoxyphenylarsinic acid itself readily undergoes sulphonation 
in the unsubstituted phenyl nucleus, so that the final product is a 
‘sulphonic acid of the simple arsinic acid or of the phenoxarsinic 
acid. 2-0-Chlorophenoxyphenylarsinic acid, owing to combined 
‘polar and steric effects of the chlorine atom, undergoes sulphonation 

more rapidly than ring-closure. 2-m-Chlorophenoxyphenylarsinic 
acid shows a greater tendency to undergo ring-closure than to 

‘sulphonate, owing to the steric effect, on sulphonation, of the 
chlorine atom, whilst 2-p»-chlorophenoxyphenylarsinic acid is readily 
converted into a phenoxarsinic acid, owing to the presence of a 
‘chlorine atom in the position at which sulphonation would occur. 

_ The mechanism of the hydrochloric—hydriodic-sulphurous acid 
reduction of arsinic acids to dichloroarsines is imperfectly understood. 
In the reduction of 4-chloro-2-phenoxyphenylarsinic acid, free iodine 
is liberated as reduction proceeds, and appears as a surface film, 
which, although readily broken up by agitation, continually re- 
‘appears, whilst any arsinic acid remains unreduced. Suddenly the 
‘oily dichloroarsine-oxychloride-acid mixture solidifies, owing to its 

“conversion into dichloroarsine, and at once the iodine film disappears. 
Similar, although less definite, changes occur in other cases,- and 
‘it would Boetiors appear clear that hydriodic acid is the essential 
Teducing agent, being immediately oxidised in presence of even 

‘small quantities of an arsinic acid. 


EXPERIMENTAL. 

Preparation of 2-, 3-, and 4-Chloro-2'-nitrodiphenyl Hthers.—The 
method adopted for the preparation of these compounds has been 
that previously employed, using o-chloronitrobenzene (1 mol.), a 
phenol (2 mols.), potassium hydroxide (1 mol.), and water (0-3 mol.) 
‘in presence of copper bronze. The yields given below are calcu- 
lated on the chloronitrobenzene. If the proportion of alkali be 
increased (say, to 1:5 mols.), unworkable tars result, but in the 
ase of the condensation with m-chlorophenol, a substance only 
Obtainable with difficulty, the proportion of phenol may be reduced 
to 1 mol. without seriously decreasing the yield. 

r) 


i 
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2-Chloro-2'-nitrodiphenyl ether was obtained in 55% yield, forms 
yellow, hexagonal prisms or plates from alcohol, and has m.p. 48°, 
b. p. 209°/9 mm. (Found: NO,, 18-8. C,,H,O,NCl requires NO,, 
18-4%). 

3-Chloro-2’-nitrodiphenyl ether, obtained in 58°% yield, is a yellow 
oil, b. p. 204°/8 mm. [Found (crude substance) NOg, 17:°3%]. The 
m-chlorophenol required was obtained by Hodgson’s method (Brit. 
Pat. 200714) from m-chloroaniline. The addition of copper sulphate 
to the diazo-solution appears to improve the yield (94%) slightly. 
The m-chloroaniline used was readily prepared in almost theoretical 
yield by reducing m-chloronitrobenzene by the iron—ferric chloride 
method (below). 

4-Chloro-2'-nitrodiphenyl ether, obtained in 75% yield, separates 
from alcohol in yellow needles, m. p. 44—45°, b. p. 208°/11 mm., or 
220°/20 mm. (Found: Cl, 14:7; NO,, 18-9. C,,HgO,NCl requires 
Cl, 14:2; NO,, 18-4%). 

Preparation of Aminodiphenyl Ethers——The method previously 
adopted for the reduction of nitrodiphenyl ethers has been aban- 
doned in favour of the following, which gives excellent yields. A 
mixture of nitro-compound (1 part), iron filings (1-5 parts), and 
water (1 part) was heated for about 10 minutes in boiling water, 
with thorough shaking. A gram of ferric chloride for each 100 g. 
of iron was then added and the whole shaken and heated until a 
reaction setin. The reaction was controlled if necessary by removal 
from the bath, and finally completed by heating in boiling water 
for an hour. The cooled product was shaken with ether, filtered, 
and the iron residue washed with ether. The ethereal solution was 
shaken with an excess of hydrochloric acid, when the base separated 
as the hydrochloride. The iron residues become warm on exposure 
to air, owing to rapid oxidation. 

All the amino-compounds are stable, and distil unchanged in a 
vacuum. 

0-Aminodiphenyl ether, obtained in almost theoretical yield, 
' forms an acetyl derivative, colourless prisms from light petroleum 
(b. p. 80—100°) (Found: N, 6-4. C,,H,,0,N requires N, 
6-29). 
2-Chloro-2'-aminodiphenyl ether, obtained in 90% yield, separates | 
from light petroleum (b. p. 80—100°) in white prisms, m. p. 44—45°, 
b. p. 185°/9 mm. The hydrochloride forms colourless, irregular 
plates, m. p. 171—173° (Found: HCl, 14-6. Ci2H 9 ONCL, HCl 
requires HCl, 14:3%). 

3-Chloro-2'-aminodiphenyl ether was obtained in 91% yield, | 
is a colourless oil, b. p. 195°/13 mm. The hydrochloride, colourless 


ageregates of prisms, has m. p. 149—151° (Found: HCl, 144%). | 
| 
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The benzoyl derivative separates from dilute alcohol in clusters of 
needles, m. p. 106°. 

_ 4-Chloro-2'-aminodiphenyl ether, obtained in 94° yield by the 
iron method, and in 84% yield by the alcoholic stannous chloride 
method, is a yellow oil, b. p. 202°/15 mm. The hydrochloride forms 
colourless prisms, m. p. 190—191° (Found: HCl, 14:3%), and the 
benzoyl derivative, hair-like needles from dilute alcohol, m. p. 
108—109°. 

- Preparation of Phenoxyphenylarsinic Acids.—These acids were 
prepared by the following modification of the usual method : 

The diazo-solution obtained from amine hydrochloride (1 mol.), 
and hydrochloric acid (1-5 mols.), etc., was neutralised with sodium 
hydrogen carbonate (0-5 mol.), and treated with a little copper 
sulphate solution. This solution was then slowly added to an 
arsenite solution (at 50—60°), containing arsenious oxide (0-75 mol!.), 
sodium hydroxide (2 mols.), sodium carbonate (0-7 mol.), water 
(7 mols.), and a little copper sulphate. It was found advantageous 
not to use benzene to prevent frothing, because the by-products 
were obtained as brown solids which could readily be removed by 
filtration, the filtrate affording pure arsinic acids after acidification. 
The acids were dried at 100° before analysis. 

o-Phenoxyphenylarsinic acid was obtained in 32% yield and 
separates from alcohol in needles, m. p. 167—168°. 

2-0-Chlorophenoxyphenylarsinic acid, obtained in 18% yield, 
erystallises from alcohol or water in needles, m. p. 195—195-5° 
(Found: As, 22:8." C,,H,,0,ClAs requires As, 22-8°%). 

2-m-Chlorophenoxyphenylarsinic acid (yield, 18°) separates from 
dilute alcohol in rounded, hexagonal plates, m. p. 177—179° (Found : 
As, 23:0%). 

2-p-Chlorophenoxyphenylarsinic acid was obtained in 24°% yield, 
and forms cubes (from alcohol), m. p. 187—188° (Found: As, 
28°). 

Preparation of Chiorophenoxyphenyldichloroarsines.—The arsinic 
acids were reduced in warm concentrated hydrochloric acid suspen- 
sion with sulphur dioxide in presence of a little potassium iodide. 
The crude dichloroarsines were converted into the corresponding 
oxides by dissolving in alcoholic sodium hydroxide containing 
sodium sulphite, and pouring the product into dilute sulphuric 
acid. In this way, all traces of iodine were removed, and the oxides, 
when warmed with concentrated hydrochloric acid, afforded pure 
dichloroarsines. The yields were almost theoretical. 

2-0-Chlorophenoxyphenyldichloroarsine is a pale yellow oil, boiling 
with only partial decomposition at about 217°/8 mm. [Found : 
Cl (attached to arsenic), 20-7. C,,H,OCl,As requires Cl, 20-3%]. 
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2-m-Chlorophenoxyphenyldichloroarsine, is a pale yellow oil boil- 
ing with advanced decomposition at about 220°/10 mm. [Found 
Cl (attached to arsenic), 20-8%]. 

2-p-Chlorophenoxyphenyldichloroarsine, pale yellow, prismatic 
needles from petroleum (b. p. 80—100°), has m. p. 67—68°, and boils” 
with only partial decomposition at about 220°/10 mm. [Found : 
Cl (attached to arsenic), 20-3% |. . 

The analysis of the dichloroarsines and of the chlorophenoxarsines 
has been effected by a simplified method: The chloroarsine was 
dissolved in alcohol,.a slight excess of sodium hydrogen carbonate 
added, the solution warmed, just acidified with dilute sulphuric 
acid, neutralised with precipitated calcium carbonate, and titrated 
against lV /10-silver nitrate. 

Preparation of Chlorophenoxarsinic Acids —8-Chlorophenoxarsinic 
acid. Two grams of 2-m-chlorophenoxyphenylarsinic acid were 
heated with 15 c.c. of concentrated sulphuric acid at 100° for 15 
minutes, the solution then poured into water, and the precipitate 
collected. It was found impossible to obtain a pure compound by 
recrystallisation, and purification was ultimately effected by adding 
excess of sodium hydroxide to a solution of the sodiwm salt (colour- 
less leaflets), when the latter was precipitated in the pure state, 
and gave rise to an acid which crystallised from alcohol in prisms, 
m. p. 250—252° (Found: As, 24:3. C,,.H,O,ClAs requires As, 24:2%). 

7-Chlorophenoxarsinic acid. This acid separated on diluting the 
concentrated sulphuric acid solution; it crystallised from alcohol 
in colourless plates or prisms, m. p. 240—242° (Found: As, 23-7%). 

When o-phenoxyphenylarsinic acid or its o-chloro-derivative was 
heated with concentrated sulphuric acid and the product diluted, 
no separation of solid occurred, and neutralisation by barium car- 
bonate, finally followed by treatment of the barium salt with 
sulphuric acid, gave deliquescent sulphonic acids, which were not 
further investigated. : 

Preparation of Dichlorophenoxarsines.—(a) From chlorophenox- 
arsivic acids. 8-Chlorophenoxarsinic acid, when reduced by the 
usual method in the warm, gave 5: 8-dichlorophenoxarsine, which 
separates from petroleum (b. p. 80—100°) in colourless intersecting 
circular plates, m. p. 125° [Found : Cl (attached to arsenic), 11-5. 
C,,H-OCI,As requires Cl, 11:3]. 

7-Chlorophenoxarsinic acid, when similarly reduced, gave a 
mixture which was separated by repeated crystallisation from — 
petroleum-chloroform solution. 5: 7-Dichlorophenoxarsine was 
obtained as almost colourless rhombs, m. p. 144—145° [Found : Cl 
(attached to arsenic), 11-3°%], together with an arsenic-free substance 
forming yellow laminz, m. p. 119—120°. 


x 
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(b) From  chlorophenoxyphenyldichloroarsines. The  dichloro- 
arsines were either allowed to boil gently under reflux under 
diminished pressure for 6 hours, or heated for a similar period at 
200° in a current of carbon dioxide, and the residual crude chloro- 
phenoxarsine was crystallised from chloroform—petroleum mixtures. 

5:9-Dichlorophenoxarsine, from  2-o-chlorophenoxypheny]- 
dichloroarsine, forms pale yellow needles, m. p. 99° [Found: Cl 
(attached to arsenic), 11-3%]. 

Synthesis of 5:8-Dichlorophenoxarsine. — 2 : 4-Dichloronitro- 
benzene. As details of the preparation of this substance are not to be 
found in the literature, they are given here: m-Dichlorobenzene 
(1 mol.) was dissolved in nitric acid (d 1:5; 4:5 mols.) with efficient 
cooling, and the solution then warmed for 10 minutes at 70°. On 
pouring into ice and water, the nitro-compound separated as a solid, 
which after being melted under hot water melted at 33° (Beilstein 
and Kurbatov, Annalen, 1876, 182, 97, give the same figure). 

5-Chloro-2-nitrodiphenyl ether. 2 : 4-Dichloronitrobenzene (1 mol.) 
was added to a warm solution containing potassium hydroxide 
(1 mol.), phenol (2 mols.), and water (0-3 mol.). A vigorous reaction 
at once set in, without addition of copper bronze, and was com- 
pleted by heating at 100° for 10 minutes. The product, after being 
worked up as usual, afforded the theoretical yield of the chloro- 
nitrodiphenyl ether, which crystallises from alcohol or petroleum 
(b. p. 80—100°) in prisms, m. p. 85° (Found : Cl, 14:3; NO,, 17:8. 
C,.H,0;NCI requires Cl, 14:2; NO,, 18:4°%). Using half the above 
proportion of phenol, the same result was obtained. 

5-Chloro-2-aminodiphenyl ether. The last-named nitro-compound 
was reduced by the iron-ferric chloride method, when the amine 
hydrochloride was obtained in 95° yield as needles of indefinite 
m. p.{Found: HCl, 14-2. C,,H,,ONCI,HCI requires HCl, 14:3%). 

4-Chloro-2-phenoxyphenylarsinic acid. This acid, obtained in 
25% yield from the amine hydrochloride in the usual manner, forms 
colourless, hairy tufts of needles from dilute alcohol, and has m. p- 
182° (Found: As, 22:3. C,,H,,)0,ClAs requires As, 22-8%). 
| 4-Chloro-2-phenoxyphenyldichloroarsine (see introduction), pale 
yellow, regular cubes or octahedra from petroleum (b. p. 80—100°), 
das m. p. 91—92°, and possesses an objectionable odour [Found : 

Jl (attached to arsenic), 20-1. C,,H,OCI,As requires Cl, 20-3°%]. 

5 : 8-Dichlorophenoxarsine. A weighed quantity of 4-chloro-2- 
»henoxyphenyldichloroarsine was heated at 200° in a current of 
dure carbon dioxide. Hydrogen chloride was evolved rapidly, the 
xercentage conversion into dichlorophenoxarsine at the end of 
1,3, and 8 hours being about 45, 55, and 65, respectively. Heating 
vas then discontinued. The product became solid on cooling, and 
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was once crystallised from light petroleum (b. p. 80—100°). It then 
melted at 125°, possessed the highly characteristic crystalline form 
of the dichloroarsine obtained from 2-m-chlorophenoxyphenyl- 
dichloroarsine, and did not depress the m. p. of this phenoxarsine 
[Found : Cl (attached to arsenic), 11:7%]. | 

Rates of Conversion of Phenoxyphenyldichloroarsines into Chloro- 
phenoxarsines.—About 1 g. of each of the four dichloroarsines 
(I—IV) was placed in a test-tube fitted as a wash-bottle, with a 
capillary carbon’ dioxide ingress tube passing to the bottom of the 
test-tube. The egress tube was connected to an absorption flask 
containing N/10-potassium hydroxide solution in each case. All 
four tubes were simultaneously plunged into a stirred oil-bath kept 
at 200° + 1°, and an equal current of pure carbon dioxide allowed 
to bubble through each. At intervals of 1 hour, the absorption 
flasks were replaced by similar ones, this operation being carried 
out in a uniform routine manner, so that the exact time interval 
obtained for each substance. The results are expressed below im 
terms of percentage decomposition. 


Percentage decomposition. 


er a Cee nnn 

Time (hours). I. If. Ill. IV. 
23°7 1-86 8-90 1-09 
2 38-2 6-08 23-4 4:65 

3 45-7 hb? 29:3 11-3 

a 49-5 15-5 33-0 17-0 

5 53-5 19-7 35-5 20-5 

6 56:6 24-3 37-8 27:0 


The expenses of this investigation were partly defrayed by a 
grant obtained from. the Chemical Society, for which the authors 
desire to express their thanks. -. 
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CCLX XII.—2-Amino-4 : 5-dimethylglyoxaline. 
By [the late] RicHarp Burries and Frank Lee PyMaN. 


4(5)-Amino-5(4)-methylglyoxaline (Fargher, J., 1920, 117, 668), | 
4-amino-1 : 5-dimethylglyoxaline, and 5-amino-1 : 4-dimethylgly- 
oxaline (Pyman, J., 1922, 424, 2616) behave like typical aromatic 
amines in yielding benzylidene derivatives, and diazo-solutions which 
couple with sodium f-naphthoxide. The so-called 2-aminoglyox- 
aline (I), however, neither yields a benzylidene derivative (Fargher 
and Pyman, J., 1919, 115, 217) nor does it behave normally with | 
sodium nitrite (Pyman and Timmis, J. Soc. Dyers Col., 1922, 38, | 
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269). It seems, therefore, to react rather according to the altern- 
ative tautomeric formula, that of 2-imino-3 : 4-dihydroglyoxaline 
CH-NH, CH-NH NH-CO-C-NH~ 
C-NH C. st 
Ga—n7ONH2 Geen CO-NH-C—N* 2 
(I.) (II.) (IIT.) 


(II), put forward by Fargher and Pyman, and it may be noted that 
some other amino-compounds capable of similar tautomerism, for 
example, 2-aminopyridine, fail to react smoothly with nitrous 
acid. 

On the other hand, the 8-aminopurines, for example, 8-amino- 
xanthine (II1), which contain an amino-group in the 2-position of the 
glyoxaline nucleus, yield diazo-compounds which couple with 
R-salt (H. Fischer, Z. physiol. Chem., 1909, 60, 69). The 8-amino- 
purines differ from 2-aminoglyoxaline in that there is no possibility 
of substitution in their case at the 4- and 5-positions of the glyox- 
aline ring, and it seemed possible that this difference in structure 
might be the cause of the difference in behaviour. Some support 
appeared to be lent to this view by the fact that creatinine (IV) 
gives with nitric acid and sodium nitrite a mixture of oximino- 
creatinine (V) with oximinomethylhydantoin (Schmidt and Thumann, 
Arch. Pharm., 1912, 250, 352), and it was thought that the action 
of nitrous acid on 2-aminoglyoxaline might lead to the formation of 
an oximino-derivative (VI). To test this point, we have prepared 


CH,-NMe C(N-OH)NMew nny O(IN-OH)-NH 

CNH NH NH 

do—NH™ So NONE fy yO 
(IV.) (V.) (VI.) 


2-amino-4 : 5-dimethylglyoxaline (VIII), which cannot yield an 
Oximino-compound of this type, and find that in general its 
behaviour towards nitrous acid in the presence of acid or alkali 
resembles that of 2-aminoglyoxaline. Consequently, the failure of 
2-aminoglyoxaline to behave normally with nitrous acid cannot 
be attributed to the suggested cause. 

_ The 2-amino-4 : 5-dimethylglyoxaline (VIII) required for this 
purpose was prepared by the reduction of 2-p-bromobenzeneazo-4 : 5- 
dimethylglyoxaline (VII), which was itself obtained by coupling 
diazotised p-bromoaniline with 4 : 5-dimethylglyoxaline. Since the 


| CMe-NH CMe-NH 
-NH, 
Me NOCNNCoHBr —> Hae 


(VIL.) (VIII.) 


synthesis of 4 : 5-dimethylglyoxaline is long and tedious, an altern- 
ative method of preparing the amine was sought in the condensation 
VOL. CXXVII. oY 
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of «-bromoethyl methyl ketone (IX) with guanidine (X), but the 
required substance could not even be identified with certainty 


CMeBr Hy NH, CMe-NHS ony 
CMe-OH ae NE Thy GMeoN : 
(IX.) (X.) 


amongst the products of the reaction, although an analogous 
reaction, the condensation of «-chloroketones with thiocarbamides, 
gives good yields of the 2-amino-4-alkylthiazoles (Traumann, 
Annalen, 1888, 249, 31). 

In these circumstances, attention was directed to the preparation 
of 2-amino-4(5)-methylglyoxaline (XIV), which, it was expected, 
could be made in quantity from the readily accessible 4(5)-methyl- 
glyoxaline. On treating this base with diazotised p-bromoaniline, 
the expected mixture of 2- and 5(4)-p-bromobenzeneazo-4(5)-methyl- 
glyoxalines (XI and XII) with the bis-azo-compound was obtained. 
The constitution of the 2-isomeride [and therefore of the 5(4)- 
isomeride also] was readily established through its reduction to 
alacreatinine (XIII) by means of zinc dust and acetic acid, but, 
unfortunately, attempts to reduce it smoothly to 2-amino-4(5)- 
methylglyoxaline, by means of stannous chloride, failed. Here 
again alacreatinine was obtained together with a substance which 
was probably the required amine. 


CH: NES, CO—NH 
C-N:N-C,H,B CNH 
CMe— t > GaMesNET? 
ey (XIII.) 
BrC,HyN:N-C—NHs, CH: NES 
ec O-NH, 
(XII) ue 


EXPERIMENTAL. 


2-p-Bromobenzeneazo-4 : 5-dimethylglyoxaline (VIT).-—4 : 5-Di- 
methylglyoxaline hydrochloride (4:12 g.) was added to an aqueous 
solution of hydrated sodium carbonate (59 g.) in water (300 c.c.), 
and to the turbid liquor, the product of diazotising »-bromoaniline 
(5-37 g.) in concentrated hydrochloric acid (32 ¢.c.) and water 
(100 c.c.) with sodium nitrite (3 g.) was added. After keeping 
over-night, the insoluble product was collected and crystal 
from alcohol (7-15 g.; yield = 82%). 

2-p-Bromobenzeneazo-4 : 5-dimethylglyoxaline _ crystallises from 
alcohol in light brown needles, m. p. 213—214° (corr.) (Found ; 
N, 19-9; Br, 29:1. C,,H,,N,Br requires N, 20-1; Br, 28-7%). 
It seems to cause irritation of the skin and swelling of the eyelids. 
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On treatment with cold hydrochloric. acid, it yields a sparingly 
soluble hydrochloride (orange-yellow needles, decomp. 135°), which 
resinifies when heated with dilute hydrochloric acid (Found: 
Cl, 11-6. C,,H,,N,Br,HCl requires Cl, 11-3°%). 

Reduction.—The above azo-compound (2-79 g.) was reduced by 
heating at 100° with stannous chloride (5-6 g. hydrated) in con- 
centrated hydrochloric acid (13 c.c.) and water (50c.c.) until almost 
completely decolorised. After removing tin by hydrogen sulphide, 
the solution was concentrated to low bulk, and made alkaline ; 
p-bromoaniline was then partly precipitated and partly removed by 
ether. The mother-liquor was acidified with hydrochloric acid, 
evaporated to dryness, and extracted with alcohol; the extract 
gave on evaporation 2-amino-4 : 5-dimethylglyoxaline hydrochloride 
@-02 g.; yield = 69%). 

2-Amino-4 : 5-dimethylglyoxaline hydrochloride (VIII) crystallises 
from alcohol in fine, colourless needles, m. p. 289° (corr.) (Found : 
©, 40-4; H, 7-0; N, 28-1; Cl, 24-4. C;H,N,,HCl requires C, 40-7; 
H, 6-8; N, 28-5; Cl, 24.0%). It is very easily soluble in water or 
alcohol, and is best purified through the carbonate, which is precipit- 
ated on mixing this salt with sodium carbonate in strong aqueous 
solution, and may be recrystallised quickly from water. The 
rarbonate, m. p. 144° (corr.), contains | H,O, and is readily soluble 
in hot water, but much less soluble in cold water. It is insoluble 
or very sparingly soluble in most organic solvents. Its aqueous 
solution is alkaline and gradually darkens on heating, yielding 
‘esinous products [Found in air-dried substance: C, 43-4, 43-5; 
H, 7-2, 7-3; N, 28-1. (C;H,N3),,H,CO,,H,O requires C, 43-7; 
4, 7:3; N, 27-8%]. The picrate crystallises from water in yellow 
leedles, m. p. 245° (corr.) (Found: N, 24:5. C;H,N,,C,H,0,N, 
equires N, 24:7%). 

Reactions with Nitrous Acid.—Both 2-amino-4 : 5-dimethyl- 
flyoxaline and 2-aminoglyoxaline react sluggishly with nitrous 
icid in the presence of dilute or concentrated hydrochloric acid or 
= 25% acetic acid, giving solutions from which neither the original 
naterial nor any useful quantity of other crystalline substances 
‘ould be isolated, but which give deep colours on treatment with 
odium hydroxide. A difference in behaviour, however, was 
bserved where 23% nitric acid was employed, for here, after treat- 
aent with sodium nitrite and keeping for 2 days, the solution from 
-aminoglyoxaline deposited a red solid, the filtrate from which 
ave a purple solution with sodium hydroxide, whilst the solution 
tom 2-amino-4 : 5-dimethylglyoxaline remained clear and gave a 
ale yellow solution with either sodium hydroxide or sodium 


‘naphthoxide. Both amines give deeply coloured solutions with 
| ae 


—————— 
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either sodium nitroprusside and aqueous sodium hydroxide, or 
with amy] nitrite and sodium ethoxide in alcoholic solution. Since 
solutions of both amines in aqueous sodium hydroxide gradually 
darken on keeping, it is possible that the main effect of nitrous acid 
upon them is one of oxidation, for both bases are readily oxidised ; 
thus 2-amino-4 : 5-dimethylglyoxaline immediately reduces cold 
aqueous acid Beene Sears or ammoniacal silver nitrate. 

2-Acetylamino-4 : 5-dimethylglyoxaline, prepared by boiling the 
above carbonate with acetic anhydride and fused sodium acetate 
for 1 hour, crystallised from water in colourless needles, m. p. 270° 
(corr.) (Found: N, 27-6. C,H,,ON, requires N, 275%). It is 
soluble in dilute hydrochloric acid and in aqueous sodium hydroxide, 
but insoluble in aqueous sodium carbonate. After treatment with 
hydrochloric acid and sodium nitrite, it gives no coloration with 
sodium 8-naphthoxide. It instantly decolorises cold aqueous 
potassium permanganate. 

2-Amino-4 : 5-dimethylglyoxaline does not yield a benzylidene 
derivative. 

p-Bromobenzeneazo-derivatives of 4(5)-Methylglyoxaline.—The 
diazo-solution from p-bromoaniline (34-4 g.), hydrochloric acid: 
(260 c.c. conc.), water (600 c.c.), and sodium nitrite (14 g.) was 
added to a stirred ice-cold solution of 4(5)-methylglyoxaline (16-4 g.) 
and hydrated sodium carbonate (350 g.) in water (1-6 1.). After 
keeping over-night, the insoluble azo-compounds were collected, 
and the filtrate was treated with diazotised p-bromoaniline (2 g.) [to 
utilise the 4(5)-methylglyoxaline remaining in excess on pple of 
the formation of the bis-azo-compound], when a further separation 
of azo-compounds occurred. The total material was. extracted, 
several times with cold 2-5% hydrochloric acid (240 c.c. each time), 
when the very dark-red bis-azo-compound (10 g., crude, m. p. 
100—102°) remained undissolved. The filtrate was basified with 
sodium carbonate, and the product crystallised from alcohol, when 

nearly pure 2-p-bromobenzeneazo-4(5)-methylglyoxaline, ca. 20 g., 
m. p. 219°, separated, followed by crops of lower m. p. (204—210°), 
The latter were mixed with cold dilute hydrochloric acid, when the 
sparingly soluble 5(4)-p-bromobenzeneazo-4(5)-methylglyoxaline 
hydrochloride separated, and the filtrate from this, when basified, 
gave more of the crude 2-azo-compound. After repetition 0! 
these operations, there were obtained 25 g. of the 2-azo-compound 
(47°) and 7:5 g. of the hydrochloride of the 5(4)-azo-compounc 
(12%). 

2-p-Bromobenzeneazo-4(5)-methylglyoxaline (XI) crystallises fouls 
alcohol in fine yellow needles, m. p. 225—226° (corr.) (Found | 
C, 45-2; H, 3-6; N, 21-1. C,H N,Br requires C, 45-3; H, sil 


| 
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N, 21:1%). Its hydrochloride is very easily soluble in dilute 
hydrochloric acid. 

 5(4)-p-Bromobenzeneazo-4(5)-methylglyoxaline (XII) crystallises 
from alcohol in irregular, brown prisms, m. p. 238° (corr.) (Found : 
C, 45:1; H, 3-6. C,sH,N,Br requires C, 45:3; H, 3-4%). The 
hydrochloride is sparingly soluble in dilute hydrochloric acid, from 
which it crystallises in fine yellow needles or long, yellow-red prisms, 
m. p. 188° (decomp.; corr.). 

- Reduction of 2-p-Bromobenzeneazo-4(5)-methylglyoxaline.—A. With 
zinc dust and acetic acid. Zinc dust (9 g.) was added gradually to a 
solution of the azo-compound (5:3 g.) in a boiling mixture of glacial 
acetic acid (20 c.c.) with water (40 c.c.). Zinc was removed by 
hydrogen sulphide, and the solution was mixed with hydrochloric 
acid and evaporated to dryness. After basifying with aqueous 
sodium carbonate, y-bromoaniline (2-3 g.) was collected by means 
of ether, and the aqueous solution was acidified with hydrochloric 
acid, evaporated to dryness, and extracted with alcohol, which left 
sodium chloride and some ammonium chloride undissolved. The 
alcoholic extract was mixed with alcoholic picric acid and gave 
1-8 g. (yield 26%) of pure alacreatinine picrate, m. p. 212° (decomp. ; 
corr.: after sintering earlier) (Found: C, 35:3; H, 3:2. Calc.: 
C, 35:1; H, 2:9%). This identification was confirmed by the pre- 
paration of the hydrochloride, which had m. p. 202° (corr.) (compare 
Fargher and Pyman, loc. cit.). 

B. With hot stannous chloride. Stannous chloride (33-6 g., 
hydrated) in concentrated hydrochloric acid (66 ¢.c.) was added to 
a hot solution of the azo-compound (15-9 g.) in hydrochloric acid 
(12 c.c.) and water (300 c.c.).. Decoloration took place at once, and, 
proceeding as in A, p-bromoaniline (6-5 g.), and a mixture of picrates 
(from water instead of alcohol), amounting to 10-7 g., m. p. 155— 
180°, were collected. After a tedious process of crystallisation from 
water and alcohol, the latter gave a sparingly soluble picrate (0-4 g., 
m. p. >300°; probably guanidine .picrate), alacreatinine picrate 
(2:3 g.; m. p. 210—211°; yield 11%), and 2-amino-4(5)-methyl- 
glyoxaline picrate (XIV) (2:05 g., yield 10%). This salt crystallised 
from alcohol in brownish-yellow nodules, m. p. 186—187° (corr.) 
(Found: C, 37:2; H, 3-6. C,H,N.,C,H,O,N, requires C, 36:8; 
H, 3:1%). The hydrochloride, prepared from the picrate in the 
usual way, was not obtained crystalline, but its aqueous solution 
resembled that of 2-aminoglyoxaline hydrochloride in its behaviour 
towards nitrous acid in acid and alkaline solution. 

©. With cold stannous chloride. Stannous chloride (12-0 g., 
hydrated) in concentrated hydrochloric acid (30 c.c.) was added to a 
solution of the azo-compound (6-6 g.) in 3% hydrochloric acid 


Be 
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(66 c.c.) at 0°. After keeping over-night at the laboratory temper- 
ature, the solution had become clear and colourless, and was worked 
up as before, when p-bromoaniline (3-5 g.) was obtained together 
with a mixture of picrates from which 3-2 g. (yield 38%) of pure 
alacreatinine picrate were isolated. 


One of us (R. B.) is indebted to the Department of Scientific and 
Industrial Research for a grant which he desires gratefully to 
acknowledge. | 


MUNICIPAL COLLEGE OF TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [Received, July 8th, 1925.] 


CCLXXIII.—A Synthesis of dl-Dicentrine. 


By Rosert Downs Hawortu, WILLIAM HENRY PERKIN, jun., and 
JOHN RANKIN. | 


THE observation that 1-veratrylnorhydrohydrastinine is converted 
into 6’-nitroveratrylnorhydrohydrastinine by the action of nitric acid 
(Haworth and Perkin, this vol., p. 1450) has led to an examination 
of the action of nitric acid on 1-veratrylhydrohydrastinine (1). This 
base was obtained by converting homoveratroylhomopiperonylamine 
into 1-veratryl-6 : 7-methylenedioxydihydroisoquinoline (Haworth, 
Perkin, and Rankin, J., 1924, 125, 1694), the methrodide (II) of 
which was made into the more soluble methochloride, and reduced 
to 1-veratrylhydrohydrastinine (I), first by zinc dust and sulphuric 
acid and then electrolytically. This procedure is advisable when: 
the crude methiodide is employed, because this contains the 
methiodide of 6: 7-methylenedioxy-3' : 4'-dimethoxy-1-benzoyl-3 : 4-' 
dihydroisoquinoline (III) arising from the spontaneous oxidation of 
the dihydrozsoquinoline (Buck, Haworth, and Perkin, J., 1924, 125, 
2180), and complete reduction cannot be brought about by the zine 
dust and sulphuric acid reduction alone. | 
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1-Veratrylhydrohydrastinine (I) is a syrup from which a crystal-| 
line hydrochloride, hydriodide and picrate have been obtained. When 
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the base (1) was nitrated in acetic acid solution, 6’-nitroveratryl- 
hydrohydrastinine (IV) was obtained as a buff-coloured, crystalline 
mass, from which a crystalline hydriodide and picrate have been 
prepared. The nitro-base (IV) was readily reduced to 6’-aminover- 
atrylhydrohydrastinine (V) by stannous chloride and hydrochloric acid, 
and although this substance has not been obtained in the crystal- 
line state, a well-defined dihydrochloride has been prepared. The 
solution of the dihydrochloride yields an intense blue coloration on 
the addition of ferric chloride, indicating that the positions occupied 
by the nitro- and amino-groups are those represented in (IV) and 
(V) efoelie fe 
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6’-Aminoveratrylhydrohydrastinine (V) was diazotised and 
treated with copper powder under conditions similar to those which 
Gadamer employed for the conversion of aminolaudanosine into 
dl-giaucine (Arch. Pharm., 1911, 249, 680), and a crystalline base, 
C,,H,,0,N, m. p. 178—179°, was isolated in a yield of about 15%. 
The method of synthesis outlined above seems to us to leave no 
doubt that the synthetical alkaloid is dl-dicentrine, and on resolu- 
tion this should yield an optically active base, identical with 
naturally occurring dicentrine. We are now engaged in an attempt 
to prepare considerable quantities of the dl-base for the purposes 
of this resolution and to improve the yields in the various 
stages of the synthesis; a more complete description of the 
preparation and properties of these substances is reserved for a future 
communication. The dl-base (VI) yields crystalline salts, the 
methiodide being particularly characteristic, whilst the hydrochloride 
and picrate also have been obtained. It should be mentioned that 
the synthetic base exhibits all those colour reactions with con- 
centrated sulphuric acid, Erdmann’s, Fréhde’s and Mandelin’s 
reagents which are characteristic of naturally occurring dicentrine 
(Asahina, Arch. Pharm., 1909, 247, 202). 
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EXPERIMENTAL. 


1-Veratryl-6 : 7-methylenedioxydthydroisoquinoline Methiodide (11). 
—Homoveratroylhomopiperonylamine (20 g.) was converted into 
1-veratryl-6 : 7-methylenedioxydihydroisoquinoline as described by 
Haworth, Perkin, and Rankin (loc. cit.), the total basic material 
extracted with benzene, dried over potassium carbonate, concen- 
trated, and boiled with methyl iodide (12 c.c.), when a reddish-brown 
oil separated which gradually hardened; after 4 hours, the mass of 
yellow crystals (25 g.) was collected. This crude material, m. p. 
228°, was usually employed for reduction purposes. 

The methiodide is sparingly soluble in water and alcohol, and 
erystallises from boiling alcohol in beautiful, lustrous, straw-yeillow 
plates, m. p. 239—240° (Found: C, 51:6; H, 49. C,,H,.O,NI 
requires C, 51-4; H, 4:7%). : 

6 : 7-Methylenedioxy-3' : 4'-dimethoxy-1-benzoyl-3 : 4-dihydroiso- 
quinoline Methiodide (III)—As this substance probably occurs 
in the crude methiodide described above, a small quantity was pre-| 
pared for comparison with the above methiodide by boiling a benzene 
solution of 6: 7-methylenedioxy-3 : 4-dimethoxy-1l-benzoyl-3 : 4- 
dihydrotsoquinoline (Buck, Haworth, and Perkin, loc. cit.) with) 
excess of methyl iodide for several hours, when crystals separated 
which recrystallised from alcohol in amber-coloured rhombs, m. p. 
232—233° (decomp.), sparingly soluble in water and alcohol (Found ; | 
C, 50:0; H, 4:2. C,,H,,O,NI requires C, 49-9; H, 4:2%). | 

1- Veratrylhydrohydrastinine (1).—The crude methiodide (25 g.) | 
obtained as described above was suspended in water (500 c.c.) and | 
digested with freshly-precipitated silver chloride for 4 hours, filtered | 
off, and reduced with excess of zinc dust and dilute sulphuric acid | 
for 4 hour. After filtration, the pale yellow solution was concen- | 
trated to 200 c.c., acidified with dilute sulphuric acid (50 c.c.), and | 
reduced in an electrolytic cell with 5 amperes for 12 hours, when the 
solution became colourless and a mass of crystals separated. These 
were dissolved by warming, filtered, the base liberated by the addi-| 
tion of ammonia, extracted with chloroform, dried with potassium 
carbonate and evaporated, when an oil (12 g.) remained which could | 
not be induced to crystallise. The hydrochloride was prepared by | 
dissolving the base in dilute hydrochloric acid, and concentrating, 
when the salt separated in colourless, rhombic plates, m. p. 215—| 
216°, which are readily soluble in alcohol and water (Found: 
C, 63:5; H, 6-4. (©, 9H,,0,NCl requires C, 63-6; H, 6.4%). The! 
hydriodide was precipitated, by addition of potassium iodide to a 
hot solution of the hydrochloride, as an oil, which slowly hardened; | 
it crystallised from water containing a little methyl] alcohol in colour- | 
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less, elongated prisms, m. p. 180—182° (Found: ©, 51:2; H, 5-2. 
Cy)H,,O,NI requires C, 51-2; H, 5-1%). It is soluble in methyl 
or ethyl alcohol, but sparingly so in water. The picrate was pre- 
pared in alcoholic solution, in which it was sparingly soluble, and 
erystallised from alcohol-glacial acetic acid in orange-yellow prisms, 
m. p. 188—189° (decomp.). 
6’-Nitroveratrylhydrohydrastinine (IV).—Veratrylhydrohydrastin- 
ine (5 g.) dissolved in glacial acetic acid (25 c.c.) was treated at 
5—10° with concentrated nitric acid (10 c.c.) which had been 
previously warmed with carbamide. After } hour the dark brown 
nitration mixture was poured into water, when a brown slime 
separated. The mixture was digested for 4 hour with excess of 
ammonia, the liquid decanted from the semi-solid mass, and the latter 
boiled with dilute hydrochloric acid and animal charcoal, filtered, 
made alkaline with ammonia, and the crude bufif-coloured nitro- 
base (4 g.) collected. This material is sufficiently pure for reduction 
purposes, but in order to obtain a pure specimen of the nitro-base, 
the crude product was dissolved in methyl alcohol, mixed with ether, 
washed several times with water, the clear ethereal solution dried, 
concentrated, and diluted with petroleum (b. p. 40—60°) until a 
turbidity was produced. After some time the nitro-base separated 
in nodular masses of -buff-coloured needles, m. p. 118° (Found : 
=, 61-8; H; 5-8: €,,H,,0,N, requires C, 62-2; H, 5-7%). It is 
very soluble in the usual organic solvents with the exception of 
petroleum, and dissolves in dilute mineral acids to a pale yellow 
solution. When an acid solution of the base is reduced with zinc 
dust, the filtered solution gives an intense blue coloration with ferric 
chloride. The hydriodide is precipitated by the addition of potass- 
ium iodide to a solution of the base in dilute hydrochloric acid, 
and crystallises from much alcohol in pale yellow, elongated prisms, 
m. p. 213°. The picrate separates as an oil, which rapidly hardens, 
when an alcoholic solution of the base is treated with picric acid. 
It crystallises from glacial acetic acid in lemon-yellow needles, 
m. p. 192°. 
 6'-Aminoveratrylhydrohydrastinine (V).—6'-Nitroveratrylhydro- 
_hydrastinine (10 g.) was dissolved in glacial acetic acid (40 c.e.) 
and allowed to remain at 15° with hydrated stannous chloride (20 g.): 
and concentrated hydrochloric acid (40 c.c.) for 12 hours, when a. 
_ erystalline tin double salt separated. The mixture was poured into. 
water (500 c.c.), filtered, made strongly alkaline with potassium, 
hydroxide, and extracted several times with chloroform; the 
extracts were dried over potassium carbonate and concentrated. 
The residual oil was very soluble in organic solvents with the 


exception of petroleum, and all attempts to induce crystallisation 
| 3x* 
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have failed. The dihydrochloride was obtained by dissolving the 
base in ethyl alcohol and saturating with dry hydrogen chloride, 
when a mass of small, colourless prisms separated. These are 
sparingly soluble in methyl or ethyl alcohol, but readily soluble in 
water, the latter solution giving an intense blue coloration with 
ferric chloride. It recrystallises from aqueous alcohol in colourless 
prisms, m. p. 250° (decomp.) (Found : C, 56-1; H, 6-2. C,,H,,O,N.Cl, 
requires C, 55-9; H, 6-1%). The base was liberated from the hydro- 
chloride by sodium hydroxide as a colourless, viscid oil. 
. dl-Dicentrine (VI).—The above dihydrochloride (2-5 g.) was dis- 
solved in a little water, made alkaline with sodium hydroxide, and 
the base extracted with ether, dried, the solvent removed, and the 
residual oil dissolved in 10° sulphuric acid (10 ¢.c.). The solution 
was cooled by the addition of ice (20—30 g.) and 2N-sodium nitrite 
solution (3 c.c.) slowly added. The solution became emerald green 
and after 4 hour copper powder (1 g.) was added, when nitrogen was 
rapidly evolved and the solution developed a red coloration. After 
3 hours the copper was removed by filtration, the filtrate reduced 
with zinc dust (1 g.) and concentrated hydrochloric acid (3 c.c.) 
and again filtered. 
A second experiment was carried out on the same scale, and the 
slightly warm combined filtrates were extracted twice with chloro- 
form. On cooling, dl-dicentrine hydrochloride (0-4 g.) separated 
from the chloroform whilst some non-basic resin remained dissolved. : 
The acid liquors were made alkaline with ammonia and extracted | 
six times with ether, the extracts dried with sodium sulphate, con- | 
centrated, and the residual oil was dissolved in boiling 15% hydro- | 
chloric acid (10 c.c.), filtered, and cooled, when a further crop of | 
dl-dicentrine hydrochloride (0-5 g.) was obtained, the total yield 
being about 15% of that theoretically possible. | 
The other products of the reaction have not been closely investi- | 
gated, but it might be mentioned that some phenolic base and | 
probably also veratrylhydrohydrastinine are present in the dark- | 
coloured hydrochloric acid liquors. Further a dark brown, amor- | 
phous substance is precipitated when the acid solution is rendered | 
alkaline with ammonia, which is almost insoluble in ether and has | 
not been further investigated. 
dl-Dicentrine was obtained by dissolving the hydrochloride in- 
boiling water, neutralising with sodium hydroxide, collecting the: 
cream-coloured base, washing with water, and crystallising from | 
methyl alcohol, when colourless prisms, m. p. 178—179°, were) 
obtained (Found: C, 70-5; H, 6-2. C,,H,,0,N requires C, 70-8; 
H, 62%). It is readily soluble in chloroform, ethyl acetate, | 
acetone, benzene, and hot alcohol, moderately soluble in ether and: 
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cold alcohol, and sparingly soluble in petroleum. It dissolves in con- 
centrated sulphuric acid to a colourless solution which rapidly becomes 
reddish-violet. A colourless solution is obtained with Erdmann’s 
reagent which rapidly becomes greenish-blue, whilst deep blue color- 
ations are developed immediately with Fréhde’s and Mandelin’s 
reagents. The hydrochloride, obtained by dissolving the base in 
hot dilute hydrochloric acid, is very sparingly soluble in alcohol 
and cold water, but crystallises from boiling water in a gelatinous 
mass or very small, colourless needles which darken at 250° and melt 
with some decomp. at 263—265° (Found: ©, 63-3; H, 5:8. 
Cy9H,0,NCI requires C, 63-6; H, 5:8%). The methiodide was 
obtained by heating the base with a large excess of methyl iodide in 
a sealed tube at 100° for 1 hour. The methyl iodide was removed 
by distillation, and the residue extracted with boiling alcohol, from 
which the methiodide separated on cooling in well-defined, colour- 
less, four-sided plates, m. p. 228—229° (Found: C, 52:7; H, 5:1. 
C,,H,,0,NI requires C, 52-4; H, 5-0%). The picrate was prepared 
in alcoholic solution and crystallised from much alcohol in orange 
prisms, m. p. 188—189°. 


One of us (R. D. H.) is indebted to the Commissioners of the 1851 
Exhibition for a studentship which has enabled him to take part 
in this research, and to the Research Fund Committee of the Chemical 
Society for a grant which has defrayed some of the expenses of the 
investigation. 


Tue Dyson Prerrins LABORATORY, 
OxFORD. [Received, July Tth, 1925.] 


CCLX XIV.—Aminobenzthiazoles. Part I. 1-Anilino- 
benzthiazole and its Tolyl Homologues. 


By Ropert Frercus HUNTER. 


THE objects of this series of investigations are: to synthesise benz- 
‘thiazoles and allied heterocyclic ring systems from arylthiocarb- 
amides, to study the chemistry of the bromo-addition compounds 
of the aminobenzthiazoles, and to examine the mobility of the triad 
system N:C-N[H] == N[H]:C:N in amino- and substituted amino- 
thiazoles. The synthesis of 1-anilinobenzthiazole (I) from s-dipheny]- 
thiocarbamide by way of the tetrabromide of the former (Hugershoff, 
Ber., 1903, 36, 3121) probably takes place by way of a labile dibromo- 
addition compound of the thiocarbamide (loc. cit.). The thiazole 


Tnust always be isolated as the tetrabromide and in a penae the ten- 
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dency to close the thiazole ring is dependent on the tendency to form 
the bromo-addition compound. 


(L.) CgHy<R>-C-NHPh C,H <SB2>0 ‘NHPh (IL) 


The physical and chemical properties of 1 ahi beet ieee 
tetrabromide leave little doubt that the compound has a perbromide 
structure, probably (II): it is reduced by sulphurous acid in the 
usual way (this vol., p. 1318); on treatment with alkalis, hydroxylie 
solvents, etc., it passes into dibromoanilinobenzthiazole; and on 
exposure to air it gradually loses part of its bromine, yielding a 
stable tribromide. 

Hugershoff (loc. cit.) observed that di-o- and -p-tolylthiocarb- 
amides on bromination formed red bromides, which on reduction 
yielded ‘‘ tolylaminotoluthiazoles ’: these must be 1-o-toluidino- 
3-methylbenzthiazole (III) and 1-p-toluidino-5-methylbenzthiazole 
(LV), respectively. 
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He did not, however, investigate the bromides beyond noting that 
they lost bromine on exposure to air, yielding yellow, crystalline 
substances. | : 
The first product of bromination of di-o-tolylthiocarbamide in| 
chloroform is the red unstable hexabromide (V), whilst di-p-tolyl-| 
thiocarbamide yields a tetrabromide (VI). These lose bromine | 
on exposure to air, yielding stable tribromides ; on reduction they are 
converted into the thiazoles (III and IV, respectively), and on treat- 
ment with hydroxylic solvents and alkalis pass into dibromo- 1. 


toluidinomethylbenzthiazoles, C,H MeBr<8>C- *-NH-C_H,Br. 


CpHMe<pRt>CNH-C,H, CoH Mo<y p> 2>C-NH-C,H, 
a : (VI) 
The tribromides resemble the higher bromides in regard to their | 
ease of reduction by sulphurous acid and their conversion into) 
dibromo-substitution products by alkalis, but differ markedly from, 
them in stability. They all crystallise from inert solvents in well- 
defined crystals of definite melting point and are relatively stable to 
air. They are, further, incapable of conversion into the higher 
bromides by bromination. 
The conversion of the higher bromides into the tribromides is a 
mild oxidative change involving the direct elimination of bromine. 


: 
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In view of the stability of the products it appears reasonable to 
suggest that they are the hexabromides of condensation products, 
l-anilinobenzthiazole tribromide, for example, being 


(VIL) Br NO > SBrSBr YY SNBR 


unfortunately, concordant values for the molecular weights have 
not yet been obtained. 

_ To complete the present study, the bromination of di-m-tolyl- 
thiocarbamide has been investigated. A red, crystalline hydro- 
bromide was isolated containing seven bromine atoms, 


(VIL) CoH, Me< xp 4>C-NH-C;H, HBr. 


The compound yielded a yellow bromide on exposure to air, and on 
reduction passed into the free base, which may be either 1-m- 
toluidino-4- or -6-methylbenzthiazole. In the absence of definite 
proof of its structure, it is proposed to term it 1-m-tolwidino-m- 
toluthiazole. 

EXPERIMENTAL. 


s-Di-o-, -m-, and -p-tolylthiocarbamides were prepared as described 
in the literature and melted at 161°, 112°, and 176°, respectively. 

1-Anilinobenzthiazole (1).—s-Diphenylthiocarbamide (50 g.) sus- 
pended in 260 c.c. of chloroform was brominated according to 
Hugershoff’s directions (loc. cit.). The red needles of the tetra- 
bromide were dried in a vacuum [m. p. 112° (decomp.). Found : 
Br, 56-8. Calce., Br, 58-6%], suspended in sulphurous acid, and 
reduced with sulphur dioxide until all solid matter was colourless on 
crushing. The product was digested with warm 2N-sodium hydr- 
oxide, the free base washed, dried at 110° (yield quantitative), and 
erystallised first from ethyl acetate, which is a much better solvent 
than the alcohol recommended by Hugershofif, and then twice from 
absolute alcohol; it was thus obtained in small crystals, m. p. 159°. 
The aceiyl derivative had m. p. 158° after recrystallisation from 
ethyl acetate. 

The tetrabromide (II) was prepared by heating 1 g. of thiocarb- 
anilide and 1 c.c. of bromine in chloroform under reflux for 2 
minutes; on cooling and scratching, fine, red needles separated, 
which were dried in a vacuum over potassium hydroxide (Found : 
Br, 588%). The substance commences to decompose at about 
110°, and melts at 117°. Hugershoff’s m. p. of 136° is possibly given 
erroneously, since even the tribromide melts more than 10° below 
this temperature. 

_ 1-Anilinobenzthiazole Tribromide (VII ?)—Bromine was gradually 
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evolved when 5 g. of the tetrabromide were exposed to the atmo- 
sphere for 2 or 3 days. The yellow, crystalline product, m. p. usually 
about 115°, was recrystallised from chloroform, the tribromide being 
obtained in small, yellow prisms which sintered at about 120° and 
melted to a clear red liquid at 125° (Found : Br, 51-5. C,,H,)N,Br,8 
requires Br, 51-7%). 

1-0-Toluidino-3-methylbenzthiazole (II1).—Di-o-tolylthiocarbamide 
(10 g.) dissolved in 50 c.c. of chloroform was brominated with 8:5 c.c. 
of bromine, diluted with an equal volume of chloroform, as in the 
previous case. ‘The solution, after being heated under reflux for 
10 minutes, was either agitated with “dry ”’ ether, when the tri- 
bromide of the thiazole separated, or evaporated in a vacuum at 
room temperature, when a red crystalline crust of a mixture of 
bromides was obtained; this became yellow at 187°, brown at 205°, 
red at 230°, viscous and dark at 260°, and melted with charring at 
265°. ‘The crude bromide obtained by either method was reduced 
as in the previous case, and the product was boiled with 2N-alkali 
forashorttime. The free base melted below the liquid and hardened 
on cooling; after being washed and dried, it was crystallised from 
ethyl acetate, and then from alcohol, being thus obtained in short 
prisms, m. p. 135° (sintering). 

The acetyl derivative was obtained in minute crystals sintering 
aol. 

1-0-Toluidino-3-methylbenzthiazole Hexabromide (V).—Di-o-tolyl- 
thiocarbamide (1 g.) was brominated as in the previous case, and the 
solution, after being heated under reflux for 3 minutes, was cooled; 
the fine, red needles of the hexabromide which separated on scratch- 
ing were dried in a vacuum over potassium hydroxide. They lost 
bromine at 60° and melted to a clear red liquid at 76—78° (Found : 
Br, 66-4. C,;H,,N,Br,S requires Br, 65-5%). 

The tribromide was obtained by exposing 5 g. of the red bromide 
to the air as in the previous case. After recrystallisation from 
chloroform it was obtained in small, yellow, glistening prisms, 
m. p. 250° (decomp.), becoming orange at 205° and red-brown at 
240° [Found : Br, 48-7. (C,;H,,N,Br,S), requires Br, 48-6%]. 

Dibromo-1-o-toluidino-3-methylbenzthiazole—When boiled with 
alcohol, either bromide dissolved; thereafter colourless crystals of 
the hydrobromide of the dibromo-substitution product suddenly 
separated. These, recrystallised from glacial acetic acid and washed 
with ether, were obtained in lustrous prisms, m. p. 280° (decomp.) 
(Found: Br, 48-0. C,;H,,N,Br.S,HBr requires Br, 48-7%). The 
hydrobromide was digested with warm 2N-sodium hydroxide, and 
the free base was recrystallised from glacial acetic acid and washed 
with ether ; tufts of shining needles, m. p. 205°, were obtained, which, 
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however, retained an appreciable quantity of acetic acid (Found : 

Br, 32°9%). They were digested with warm alcohol; the base was 
then obtained in small prisms having the same m. p. as before 
(Found: Br, 39-3. C,;H,,N.Br,S requires Br, 38-9%). 

1-p-Toluidino-5-methylbenzthiazole (IV).—Di-p-tolylthiocarbamide 
(10 g.) was brominated as in the previous case. The red needles of 
the tetrabromide were dried in a vacuum and reduced. The free 
base crystallised from ethyl acetate in hair-like crystals, m. p. 162°. 

The acetyl derivative was obtained in spherical aggregates of 
needles, m. p. 158°. The tetrabromide, prepared as in the previous 
case, sintered at 130°, softened at 140°, and melted to a clear red 
liquid at 145° (Found: Br, 54-9. C,,;H,,N,Br,S requires Br, 
55:6%). The tribromide, obtained by exposing the tetrabromide to 
the air for some days, crystallised from chloroform in slender, orange 
needles softening at 145°; m. p. 148° (decomp.) [Found: Br, 49-2. 
(C,,;H,,N,Br,8), requires Br, 48-6%]. 

Dibromo-1-p-toluidino-5-methylbenzthiazole—The tribromide was 
dissolved in boiling alcohol, and the solution concentrated; “on 
scratching and cooling, the hydrobromide separated. After recrystal- 
lisation from glacial acetic acid it was obtained in small crystals 
turning yellow at 220°, pale brown at 240°, and melting at 256—258° 
(Found: Br, 47:8. C,,H,,N,Br,8 requires Br, 48:7%). It was 
treated with warm dilute alkali, and the free base recrystallised from 
glacial acetic acid and washed with ether, when pale cream crystals 
were obtained, m. p. 159—160°. They retained an appreciable 
quantity of solvent as in the case of the o-compound (Found : 
Br, 36-6. C,,;H,.N,Br,S requires Br, 38-9%). 

1-m-Toluidino-m-toluthiazole—Di-m-tolylthiocarbamide (4 g.) was 
dissolved in 40 c.c. of chloroform and brominated with 6 c.c. of 
bromine diluted with an equal volume of chloroform; heat and 
hydrogen bromide were evolved and the red bromide was crystalline. 
The product was dried in a vacuum and reduced by sulphurous acid 
and sulphur dioxide in the usual way. The base crystallised from 
ethyl acetate in small, stout, colourless crystals, m. p. 184—186° 
(Found: §S, 11-7. C,;H,,N.S requires 8, 12-6%). 

1-m-T'oluidino-m-toluthiazole Hexabromide Hydrobromide.—Di-m- 
tolylthiocarbamide (1 g.) was dissolved in chloroform and brominated 
with 1 c.c. of bromine, the solution was refluxed for 3 minutes and 
allowed to cool slowly in a hot water-bath ; the small, four-sided, red 
tablets which separated were dried in a vacuum over potassium 
hydroxide. They crumbled to a semi-crystalline, dark mass at 
110°, became orange and crystalline at 187°, pale yellow at 197°, 
and were unmelted above 200° (Found: Br, 69-1. C,;H,;N,Br,S 
requires Br, 68-9%). 
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1-m-Toluidino-m-toluthiazole Tribromide Hydrobromide.—The red 
bromide was exposed to the atmosphere for some days, and the | 
orange-yellow crystalline residue refluxed with chloroform, in which | 
it was very sparingly soluble. The product consisted of small, | 
yellow crystals of the usual type which softened at 136° and sintered | 
at 190° [Found : Br, 56:3. (C,;H,;N.Br,S), requires Br, 55-6%]. 

The bromide was reduced in the usual way by sulphurous acid | 
and showed the usual stability to air, etc. : 


In conclusion, the author desires to express his gratitude to Prof. 
J. F. Thorpe, F.R.S., for the kind interest he has taken in the 
progress of these experiments. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Recewed, April 25th, 1925.] 


CCLXXV.—The Amino-4-Pyridones. 


By Witi1am HavuauTon CROWE. 


A COMPARISON of the reactions of the pyridones with those of the 

aromatic phenols is of considerable interest, and in connexion with 

the formation of nitro-derivatives and their subsequent reduction 

it has, already been shown that 4: 6-dimethyl-2-pyridone (Collie 

and Tickle, J., 1898, 73, 229) and lutidone (Collie and Hall, J., 

1898, 73, 237) exhibit a formal resemblance to the corresponding — 
xylenols. The simplest pyridones are not very readily accessible 

and this circumstance no doubt accounts for the fact that their 

substitution products have not been closely studied. A mono- 

nitro-4-pyridone, m. p. 279°, and a dinitro-4-pyridone have now 

been obtained and reduced; the former by tin and hydrochloric 

acid to an amino-4-pyridone, and the latter by ammonium sulphide 
to an aminonitro-4-pyridone. Whilst the work was in progress 

Koenigs and Freter (Ber., 1924, 57, 1187) published an account of 

the nitration of 4-pyridone, but it appears that they did not isolate 

the nitro-derivatives in a pure condition. Thus they state that 

the mononitro-derivative has m. p. 269—270° and that the yellow 

dinitro-compound crystallises with 1H,0. 


EXPERIMENTAL. 


3-Nitro-4-pyridone—A mixture of 4-pyridone, fuming nitric 
acid, and concentrated sulphuric acid was heated on the water-bath 
for 2 days, poured into water, the acid nearly neutralised with solid 
sodium carbonate, the solution evaporated to dryness, and the 
residue extracted with alcohol. The product crystallised from hot 
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water in yellow needles, m. p. 279° (Found: C, 43:0; H, 3-9; 
\N, 20-2. C;H,O,N, requires C, 42:9; H, 2:9; N, 200%). A 
concentrated solution gave a lemon-yellow precipitate of the 
sodium salt on treatment with sodium hydroxide. 

3-Amino-4-pyridone.—Reduction of the nitro-compound with 
‘tin and hydrochloric acid proceeded very violently. The solution 
was diluted with water, the tin removed as sulphide, and the 
filtrate evaporated on the water-bath; the crystals of the hydro- 
chloride thus obtained were dried in a vacuum over sulphuric 
acid (Found : Cl, 22-0. C;H,ON,,HCI,H,O requires Cl, 21:6%). The 
chloroplatinate was obtained by treating a concentrated solution 
of the hydrochloride with platinic chloride and crystallised from hot 
concentrated hydrochloric acid [Found: C, 18-3; H, 2-5; Pt, 30-1. 
(C-H ON,).,H,PtCl,,H,O requires C, 18-5; H, 2-5; Pt, 30-1%]. 

3 : 5-Dinitro-4-pyridone-—A mixture of 4-pyridone (2 g.), fuming 
nitric acid (7 c.c.), and concentrated sulphuric acid (13 c.c.) was 
heated at 140° for about 8 hours and poured into cold water, when 
3 : d-dinitro-4-pyridone was obtained as a faintly yellow, crystalline 
precipitate. It crystallised from 50% acetic acid in long, colourless 
meedies (Found: N, 22:9. C;H,O,N, requires N, 22-7%). A 
‘solution in alcohol and acetone gave with sodium ethoxide a 
brilliant yellow precipitate of the sodium salt. 
3-Nitro-5-amino-4-pyridone.—The dinitropyridone was _ boiled 
under reflux with the calculated quantity of ammonium sulphide 
im alcohol, the solid filtered off, and extracted with hot strong 
hydrochloric acid. On cooling, the hydrochloride crystallised in 
needles, which were recrystallised from concentrated hydrochloric 
acid with the addition of animal charcoal (Found : C, 31:7; H, 3-5; 
im, 22-1; Cl, 18:3. C;H,O,N,,HCl requires C, 31-4; H, 3-7; 
N, 21-9; Cl, 18-59%). The substance gave yellow solutions, and 
turned orange in the air, due to loss of hydrogen chloride and 
formation of the free base. 


The author wishes to express his indebtedness to Professor J. N. 
Collie, F.R.S., for his valuable help and advice during the research, 
and also to the Department of Scientific and Industrial Research 
for a grant which made the work possible. 


THe Rawtesa Foster LABORATORY OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, April 13th, 1925.] 
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CCLXXVI.—Researches on Residual Affinity and Co- 
ordination. Part XXV. A Quadridentate Group 
Contributing Four Associating Units to Metallic 
Complexes. 


By GitBeRt T. Moraan and J. D. Marin Smiru. 


FUNDAMENTAL advances were made in the experimental verification 
of the co-ordination theory when Werner showed that certain 
compounds and compound radicals were capable of furnishing 
two associating units to the co-ordination complex surrounding a 
metallic atom, for by means of such complexes he was able to 
identify the three-dimensional structure of many co-ordination 
compounds. Of chemical substances contributing two associating 
units the following may be cited: ethylenediamine, ««-dipyridyl, 
dimethyldithiolethylene, and tetramminodihydroxycobaltic bromide, 
(NH,),Co(OH),Br, the last of these being noteworthy owing to its 
completely inorganic character. There are also numerous complex 
radicals which function as two associating units: the carbonato-, 
malonato-, and oxalato-groups and the monoenolic radicals of 
acetylacetone and its homologues, R-CO-CH:C(OH)R’, R and R’ 
being alkyl or aryl groups. To these compounds and compound 
radicals capable of occupying two positions in the co-ordination 
complex the generic name of chelate groups has been given 
(J., 1920, 117, 1457) because their tenacious grip of the implicated 
metallic atom leads to the formation of remarkably stable co- 
ordination complexes. 

Werner also identified groups capable of treble attachment to 
metallic atoms, such tridentate residues containing three fused 
chelate groups. The tridentate groups recognised by Werner 
already contained, however, one metallic atom, so that on associ- 
ation of these tridentate groups with the co-ordinating nuclear 
atoms the complexes became binuclear, as, for instance, in the case. 
of triamminocobaltic hydroxide, (NH,);Co(OH)3, identified in the! 
complex cation’ of the salt in which the three hydroxyl groups 


G OH 
| (NH3),Co OH Co(NH,), | Brs 
is OH 


contribute simultaneously three units to the co-ordination numbers. 
of each of two cobalt atoms. 

Recently Pope and Mann have proved that apy-triaminopropane, 
NH,-CH,°CH(NH,)-CH,°-NH,, is capable of treble attachment to. 
acealnie site. Two molecular proportions of this triacidic base 


} 
| 
| 
. 
I 


; 


RESIDUAL AFFINITY AND CO-ORDINATION. PART xxv. 2081 


(tp) occupy six co-ordination positions round cobalt and rhodium 
atoms, forming the complex cations [Co tp,]’” and [Rh tp,]’”. 
This demonstration constitutes the first example of a tridentate non- 
metallic group in complexes containing a single nuclear atom 
(Compt. rend., 1924, 178, 2085; Proc. Rene Soc., 1925, 107, 80). 
We have now succeeded in identifying a group capable of quad- 
ruple attachment to metallic atoms, this being the first known case 
of a quadridentate group in co-ordination complexes. This quad- 
ridentate group is furnished by the bivalent radical of ethylenedi- 
aminobisacetylacetone, Cy,H,,O,N,, a compound first prepared by 
Combes (Compt. rend., 1889, 108, 1252) on condensing two molecules 
of acetylacetone with one molecule of ethylenediamine with elimin- 
ation of two mols. of water. Combes showed that this product is a 


dienolic diketone, 


CH,°C(OH):-CH-C(CH,).N-CH,°CH,°N:C(CH,)-CH:C(OH)-CHg, 
yielding a violet cupric salt containing one atomic proportion of 
copper to one molecular proportion of the dienolic radical. 

In attempting to prepare an additive co-ordination compound of 
cupric acetylacetone and ethylenediamine we obtained accidentally 
the green monohydrate of Combes’s violet salt, copper ethylenedi- 


- aminobisacetylacetone, which separated from the indigo-blue solution 


of copper acetylacetone in ethylenediamine hydrate. This observ- 
ation led to other experiments on Combes’s ethylenediaminobis- 
acetylacetone and particularly to the preparation of its cobaltous 


 salt,* a non-ionised complex which proved to be dihydrated, and, 


y 7 
O) CHEE th (.) 


as the co-ordination number of bivalent cobalt is usually six, this 
composition suggested that the organic group might occupy four 
of the six co-ordination positions. Since, however, the co-ordin- 
ation number of tervalent cobalt is invariably six, the oxidation of 
this cobaltous salt in the presence of ammonia should, on the fore- 
going supposition, lead to a cobaltammine containing two of ammonia 
and one molecular proportion of the supposed quadridentate group 
per cobaltic atom with a single univalent acidic ion outside the 
complex. 

On reaction with ammonium chloride, excess of ammonia, and 
hydrogen peroxide, this supposition was verified, for the cobaltous 
salt yielded the anticipated cobaltammine readily and almost 

* The co-ordination compounds of ethylenediaminobisacetylacetone with 


several other bivalent metals have been investigated and will be discussed 
subsequently. 
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quantitatively. The chloride radical present was wholly ionised, 
immediately precipitable with silver nitrate, and yielded the less 
soluble bromide, iodide, chlorate, perchlorate, nitrite, nitrate, and 
d-camphorsulphonate (Reychler) by double decomposition with the 
sodium or potassium salts of the corresponding acids. 

Excepting the chloride and d-camphorsulphonate, all the salts 
prepared were anhydrous when crystallised from water, thus con- 
firming the view that the cobaltic co-ordination number of six is 
made up solely of two ammonia molecules and the organic radical. 
Hence this organic radical, which contributes four to the cobaltic 
co-ordination number, is actually a quadridentate group. 

The univalent complex cobaltammine ion is thus demonstrated 
to have the following chemical constitution : 

O \1 


TI 
(NH) CoG ppaae | 
O 


Five stereochemical arrangements of the groups present in this co- 
ordination complex are, however, possible, depending on the 
positions taken up on the octahedron by the ammonia molecules 
and by the bivalent quadridentate group, C,,H,,N,O, or 
— O-C(CH,):CH-C(CH,):N-CH,°CH,°N:C(CH,)*CH:C(CH,)-O—. 
If the two ammonia molecules are in the antipodal trans-positions 
(Diagram 1) the quadridentate group must be wrapped equatorially 
round the octahedron. This configuration contains two planes of 
symmetry and the compound is optically inactive and irresolvable. 
If the two ammonia molecules are in contiguous cis-positions, then 
three associating units of the quadridentate group must occupy 
the corners of one triangular face of the octahedron with the fourth 
‘associating unit overlapping on to an adjacent face, and this arrange- 
ment can be made in four different ways, giving rise to four stereo- 
isomeric modifications. None of these four isomerides possesses 
a plane, a centre, or an alternating axis of symmetry and hence they 
are all optically active. Two of them are mirror images of the other 
two and the four isomerides comprise two enantiomorphous pairs. 
Conclusive evidence has now been obtained that the product 
actually isolated contains two racemoid modifications which have 
been resolved into optically active forms by d-camphorsulphonic 
(Reychler) acid, and that all these active forms on keeping are 
spontaneously transformed into the single inactive and irresolvable 
form. The lack of optical activity in the last indicates that it is 
the trans-form (Diagram 1), in which the pair of ammonia molecules 
is in the trans-octahedral position. The active form with the low 
optical activity is in all probability the cis-trans-form (Diagram 2), | 
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in which only the dyad axis of symmetry of the trans-form is 
retained, the pair of ammonia molecules here being in the cis- 
position while the pair of oxygen atoms is retained in the trans- 
position. The active form with the very high activity may thus 
be regarded as the cis-form (Diagram 3), in which none of the 
elements of symmetry is retained, the pair of oxygen atoms as well 
as the pair of ammonia molecules being in cis-positions. 


Two Planes of Symmetry 
intersecting in One Dyad. 
Axés of Symmetry. 


Cis-trans Enartiomay hows Pas 


each with One Dyad Axis of Summel+ 


and smail optical activity. 


> - 


s <M g 


a 


Ni 


Cis-cis Enantiomorphoa:s 


i without elements of Symmetry 
| andwith higd oftical activity 


Diagram Je 


It has not been possible, however, to confirm these structures 
by chemical means, for the compounds are not decomposed by hot 
concentrated hydrochloric or hydrobromic acid to yield either the 
cis (violeo)- or trans (praseo)-dichlorodiamminoethylenediammino- 

cobaltic halides which could be identified by their respective violet 
and green colours. 

Whatever be the exact chemical structure of the organic group 
‘in the complex, the evidence is conclusive that it is a quadridentate 


¥ 


a 


a t 
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group and moreover that it can be arranged spatially round the co- 
ordination sphere so as to yield the cis- and trans-configurations with 
respect to the ammonia molecules (Diagrams 1, 2 and 3). The 
tricyclic system of the three chelate components of the quadridentate 
group associated with the octahedral cobalt atom is shown in plan 
in Diagram 4; two of the rings are six-membered and one is five- 
membered. 


fae § OH; 
C—O 
HoZ Noon “Now (Diagram 4.) 
\ese ‘ ‘No=c7% 
CHS i Sie CRUE 
CH,-CH, 


EXPERIMENTAL. 


C,H, (N-C-CH,°CH:CO-CH,), = ec (ethylenediaminobisacetyl- 
acetone). 

Diaquocobaltous Hthylenediaminobisacetylacetone, [(H,O), ec Co] 
(Formula I).—Hexa-aquocobaltous chloride (4:8 g. = 1 mol.) wag 
dissolved in hot water (20 c.c.), and ethylenediaminobisacetylacetone 
(4:5 g. = 1 mol.) and 5N-sodium hydroxide (8 c.c. = 2 mols.) added, 
forming a green paste. On boiling, the mixture turned brownish- 
yellow and a reddish-orange, crystalline precipitate separated. 
After washing with water and air-drying, bright orange-red prisms 
were obtained in yield varying from 85 to 45%, the higher yields 
being obtained with exclusion of air during the reaction (Found : 
Co, 18-7. C,,H,,0,N,Co requires Co, 18-6%). The compound 
was insoluble in water and readily dissolved in most organic solv- 
ents to orange solutions which darkened in air owing to oxidation. 
It readily dissolved in dilute mineral acids with complete decomposi- 
tion into acetylacetone and cobaltous and ethylenediamine salts. 

Diamminoethylenediaminobisacetylacetonocobaltic Chloride Di- 
hydrate, [(NH,),Coec]Cl(H,O),.—This salt was readily obtained 
in 83% yield on oxidation of the foregoing cobaltous salt by the 
calculated amount of 6N-hydrogen peroxide in the presence of excess 
of 18N-ammonia and ammonium chloride. The salt separated 
from the cooled mixture in pale fawn needles which were recrystal= 
lised from hot water, washed with alcohol, and air dried [Found : 
Co, 15:2; N (as NH,), 7-35; H,O, 8-1. C,,H,.0,N,ClCo requires 
Co, 15:3; N (as NH,), 7-25; 2H,O, 9-3%). 

This feebly coloured cobaltic salt was moderately soluble in water 
to a brownish-red, neutral solution, from which silver nitrate solu- 
tion immediately precipitated silver chloride. Concentrated 
solutions of the appropriate sodium or potassium salts precipitated — 
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the bromide, iodide, nitrite, nitrate, chlorate, perchlorate, and 
d-camphorsulphonate of the complex base from concentrated solu- 
tions of the chloride. The chloride dissolved in boiling concen- 
trated hydrochloric or hydrobromic acid solutions, but was not 
decomposed. It dissolved in boiling caustic soda solution, evolving 
ammonia and forming a clear reddish-brown solution which appeared 
to contain the complex diaquo-base. The chloride was quite 
insoluble in all organic solvents. 

_ The following salts were prepared in quantitative yield by precipi- 
tation from concentrated solutions of the chloride by concentrated 
solutions of the appropriate alkali salt. All except the d-camphor- 
sulphonate (Reychler) were very sparingly soluble in water and were 
precipitated as fine, yellowish-brown needles, which were washed 
with water and alcohol and air-dried. The camphorsulphonate, 
which is moderately soluble in water and in moist alcohol, was 
recrystallised from water and washed with acetone and ether and 
air-dried. | 

Bromide, [(NH,), ec Co]Br. Found: Co, 14:7; H,O at 100°, 
nil. C,,H,,0,N,BrCo requires Co, 14-:9%. 

Iodide, [(NH,), ec Cojl. Found: Co, 13-4; N (as NH), 6-4; 
H,O at 100°, nil. C,,H,,0,N,ICo requires Co, 13-4; N (as NHs), 
73%. | 
Nitrite, [(NH,), ec CoJNO,. Found: Co, 16-2; N (as NHs), 
7-8; N (as NO,), 4:0; organic N, 7-6; C, 39-7; H, 6-6; H,O at 100°, 
nil. C,,H,,0,N;Co requires Co, 16-3; N (as NH,), 7-8; N (as NO,), 
3:9; organic N, 7-8; C, 39-9; H, 6-65%. 

Nitrate, [((NH,), ec CoINO,. Found: Co, 15-7; H,O at 100°, 
nil. C,,H,,0;N;Co requires Co, 15-7%). 

Chlorate, [(NH), ec CoJClO,. Found: Co, 14-8; H,O at 100°, 
nil. C,,H,,0;N,ClCo requires Co, 14-8%. 

Perchlorate, [((NH ), ec CoJClO,. Found: Co, 14:2; H,O at 100°, 
nil. C,,H,,0,N,ClCo requires Co, 142%. 

d-Camphorsulphonate, [(NH3), ec CoJC,)H,,;0,8,H,0. Found: 
Co, 10-6; H,O at 100°, 3:1. C,.H,,0,N,SCo requires Co, 10-6; 
PHO, 3-2%. 

Resolution of the Racemoid Mixture—Aqueous solutions of the 
salts were transparent only in the darker red of the spectrum, and 
the light of the lithium line 6708 A. (10-8 cm.) was used throughout 
the polarimetric measurements. Owing to the intensity of colour, 
solutions stronger than about 1% of the camphorsulphonates and 
0:5°% of the bromides in 0-5-dem. tubes could not be used. 

cis-dextro-Bromide.—On mixing saturated solutions of the com- 
plex chloride and the sodium salt of d-camphorsulphonic (Reychler) 
acid, fine, pale fawn needles of the d-camphorsulphonate separated, 
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isolated in six crops, which were washed with acetone and ether 
and air-dried. The first crop was found to be strongly dextro- 
rotatory. The second crop was redissolved in water and decom- 
posed with a solution of potassium bromide, the complex bromide 
immediately separating in fine, fawn needles, which were washed with 
alcohol and ether and air-dried (Found : Co, 14:7%). This bromide 
was indistinguishable in appearance and general properties from the 
racemoid bromide, but was strongly dextrorotatory, [«];; = + 
452°, [M] = + 1784°. Owing to the evanescent nature of this 
optical activity it was very fortunate that the specimens were 
submitted to independent observers.* 

cis-trans-dextro-dextro-Camphorsulphonate.—The third crop from 
the above resolution had [e];; = + 36°, [M7] = + 202-0°, and 
deducting + 51-7° for the d-camphorsulphonate ion, [M] = 
150-3° for the cobaltic ion (Found : Co, 19-6%). Subsequent crops 
possessed successively diminishing activities. Recrystallisation of 
the crops failed to raise the activity for the cobaltic ion above 
[M] = + 150°, and the most soluble crops invariably had a strong 
levorotation. The highest levorotation ever observed was [/] 
= — 108° for the cobaltic ion. 

cis-trans-dextro-Bromide.—The corresponding _ cvs-trans-d-d- 
camphorsulphonate was decomposed with potassium bromide solu- 
tion, and the bromide isolated as in the case of the cis-bromide 
(Found: Co, 14:8%). [e]r: = + 40°, [MM] = + 158°. This cis- 
trans-bromide alone was invariably obtained after the first prepar- 
ation, and was indistinguishable, except for optical activity, from 
the racemoid bromide. 

Inactive (or trans) Bromide.—The foregoing optically active salts, 
on keeping a few days, were found to be completely inactive, the 
camphorsulphonates having only the activity due to the camphor- 
sulphonate ion, and being irresolvable. Once these inactive salts 
had been identified, it was found impossible to prepare active salts 
again. Numerous preparations were performed at ordinary and 
low temperatures, in sunlight and in darkness, and even in new 
apparatus in a different building, but optically active salts were 
never again obtainable. A specimen of the first preparation, 
which had originally yielded ,both the cis- and the cvs-trans- 
bromides, was found to be quite irresolvable after 10 days. We 

* A specimen of the racemoid bromide (S. 2) and of the cis-bromide (8S. 1) 
was submitted to Mr. C. E. Wood for polarimetric examination without 
informing him which or if either of the specimens was optically active. His 
report is as follows: S. 1.—Weight, 0-0664 g., dissolved in 12-5 c.c. of water 
and examined in 0:5-dem. tube with light of lithium line 6708 A. [alni = 


+531°, [M] = + 2097-4°. S. 2.—Weight, 0-0666 g., dissolved in 12-5 c.c. 
of water and examined in 0:5.dem. tube—inactive.—C. E. W. 
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are unable to assign the precise cause of the inability to obtain active 
salts after the first ten or so preparations, but it is worthy of remark 
that active salts could not be obtained after the inactive salts had 
been brought into existence, pointing to the probability that the 
result is due to infection. This possibility is not wholly ruled out 
by preparation in new apparatus in a different building, because the 
inactive salt may have been a partial product only in later prepara- 
tions and the active salts simultaneously formed thus infected at 
the moment of coming into existence. Found for the inactive 
bromide: Co, 14:8%. The inactive bromide was indistinguishable 
in appearance and general properties from the racemoid and active 
bromides. 


The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for grants 
which have helped to defray the expense of this investigation. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Recewed, July 15th, 1925.] 


CCLXX VII.—The Synthesis and Reactions of 1-Anilino- 
cyclopentane-l-carboxylic Acid. 


By Sypnry GLENN Preston PLant and JoHN ERNEST FAcEr. 


Dvrinc the investigations of the derivatives of tetrahydrocarbazole 
(Perkin and Plant, J., 1921, 149, 1825; 1923, 123, 676) a substance 
(m. p. 113°) was isolated which appeared to be w-indoxylspirocyclo- 
pentane (I). Bucherer and Grolée (Ber., 1906, 39, 986) have pre- 
‘pared «-anilinozsobutyric acid (see also Tiemann, Ber., 1882, 15, 
2039; Bischoff and Mintz, Ber., 1892, 25; 2326) by the hydrolysis 
of the nitrile obtained from the condensation of aniline with acetone 
¢yanohydrin, and found that it could be made to give very small 
‘quantities of 2 : 2-dimethyl-y-indoxyl (II) on fusion with a mixture 
of sodium ethoxide and potassium hydroxide. A similar series of 
reactions, starting from aniline and cyclopentanone cyanohydrin, 
ought to yield y-indoxylspirocyclopentane and so establish definitely 
the constitution of this product, from which several derivatives have 
been obtained (see also Sidgwick and Plant, this vol., p. 209). 


CO 
/\ “CH,-CH CO OH,-CH CN 
2 7 “2 2 2 Cc 
( de . CH,°CH CHS iva (HCH, SNHPh 
NH q) (II.) (III.) 
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We have now prepared 1-anilino-1-cyanocyclopentane (III) in 
this way and converted it into the corresponding amide, which can 
then be hydrolysed to 1-anilinocyclopentane-1-carboxylic acid (LV). 
This acid is comparatively unstable and when heated above its 
melting point loses aniline and water, a substance (m. p. 142°) 
being formed which appears to be the lactone of 1-1'-hydroxycyclo- 
pentane-1’-carboxylylanilinocyclopentane-1-carboxylic acid (V). This 
compound is slowly dissolved by a cold solution of sodium hydroxide 
and is slowly reprecipitated by hydrochloric acid. It is unchanged 
by aniline at 170° or by dry ammonia at 220° and is not basic, so 
that the structure (VI) seems to be impossible. Bischoff and Mintz 
(loc. cit.) found that the acid which they regard as 8-anilinozsobutyric 
acid breaks down in a similar way on heating. 


CH,-CH.~ ,.-C0,H ” CH-CH~\- CO— Om CH, cH. 
HCH. CSNHPh  GH,CH. CSNPn-CO7 CSou.-OH, 
(IV.) (V.) 
CH,-CH,. . -C0-0-CO. . -CH,-CH, 
GH,-CH,- CSwph—— <u, CH, 


Fusion of 1-anilinocyclopentane-l-carboxylic acid with a mixture 
of sodium ethoxide and potassium hydroxide gave no y-indoxyl- 
spirocyclopentane, but considerable quantities of carbazole were 
isolated. Many different methods have been investigated for the 
purpose of eliminating water from the acid at a lower temperature, 
but without success. The acetyl derivative of 1-anilinocyclopentane- 
1-carboxylic acid has also been prepared, but this resisted all efforts 
made to convert it into 6-acetyl--indoxylspirocyclopentane. 


EXPERIMENTAL. 


1-Anilino-1-cyanocyclopentane.—The bisulphite compound (104 g.) 
of cyclopentanone was added to water (300 c.c.) and treated with 
potassium cyanide (38 g.). The cyclopentanone cyanohydrin was 
extracted with benzene, the solution washed with water and dried 
over calcium chloride. After the addition of aniline (50 g.), the 
mixture was boiled for 12 hours and then extracted with half its 
volume of dilute hydrochloric acid, washed with water, and the 
solvent removed under diminished pressure. The residue was dis- 
solved in hot petroleum (b. p. 60—80°) and crude 1-anilino-I- 
cyanocyclopentane separated, on cooling, as an oil which soon 
solidified. It was recrystallised from a small quantity of alcohol 
and obtained in colourless prisms, m. p. 58° (Found: C, 77-5; 
H, 7-5; N, 15-0. C,,H,,N, requires C, 77-5; H, 7-5; N, 15-07 
It decomposes on distillation with the formation of some aniline. 

A solution of 1-anilino-1-cyanocyclopentane in cold sulphuric acid 
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was kept for 2 days and then poured on to ice. On making alkaline 
with ammonia, the amide of 1-anilinocyclopentane-1-carboxylic 
acid was precipitated in a pure condition. It separates from alcohol 
in colourless plates, m. p. 161° (Found: N, 13-5. (©,,H,,ON, 
requires N, 13-7%). The nitrosoamine, precipitated on addition 
of sodium nitrite to a solution of the amide in dilute sulphuric acid, 
separates from alcohol in practically colourless prisms, m. p. 122° 
(Found: N, 18-0. C,,H,;0,N, requires N, 18-0%). 

1-Anilinocyclopentane-1-carboxylic Acid —The amide of the acid 
was dissolved in cold, concentrated hydrochloric acid and almost 
immediately a precipitate of the hydrochloride separated. The 
mixture was carefully evaporated to dryness and the residue treated 
with sodium hydroxide solution till alkaline. After boiling for a 
short time, the whole was filtered while still hot, and the filtrate 
acidified with acetic acid, when 1-anilinocyclopentane-1-carboxylic 
acid separated as a colourless solid. It crystallised from xylene in 
colourless prisms, m. p. 162° (Found: N, 6-9. C,,H,,0,N requires 
N, 6:8%). 

1-Anilinocyclopentane-1-carboxylic acid is soluble in both acids 
and alkalis and gives a nitrosoamine which can be recrystallised from 
dilute alcohol and obtained in colourless plates, m. p. 124° (decomp.) 
(Found : N, 12-2. C,,H,,0,N, requires N, 12-0%). 

1-Anilinocyclopentane-1-carboxylic acid, on heating at 230° in 
a small distillation flask, decomposes and a mixture of aniline and 
water can be collected. The residue solidifies on cooling, and can 
be purified by warming first with dilute hydrochloric acid and then 
with dilute sodium carbonate solution. On recrystallisation from 
petroleum, the lactone of 1-1'-hydroxycyclopentane-1'-carboxylyl- 
anilinocyclopentane-1-carboxylic acid separates in clusters of colour- 
less prisms, m. p. 142° (Found : C, 72:3; H, 7-3; N, 4-7. C,gH,,O,N 
requires C, 72-2; H, 7:0; N, 4:7%). 
_ An intimate mixture of 1l-anilinocyclopentane-l-carboxylic acid 
(16 g.), sodium ethoxide (48 g.), and potassium hydroxide (40 g.) 
was gradually heated from 270° to 320° and maintained there for 
“15 minutes. After cooling, the product was pulverised and added 
to much water. The undissolved solid was collected, dried, and 
distilled. The colourless distillate (3 g.), which solidified, crystallised 
from alcohol in colourless plates, m. p. 238°, of carbazole, identified 
by analysis (Found: N, 8-5. Calc., N, 8:4%), a mixed melting 
point determination, and preparation of the picrate, which separated 
from alcohol in bright red needles, m. p. 184° (compare Schmidt 
and Schall, Ber., 1907, 40, 3230). 

A solution of 1l-anilinocyclopentane-l-carboxylic acid (4 g.) in 
dry benzene (60 c.c.) was boiled with acetic anhydride (5 c.c.) for 
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7 hours, the benzene removed under reduced pressure, and the 
residue treated with acetone—petroleum. 1-Acetylanilinocyclo- 
pentane-1-carboxylic acid crystallises from acetone in colourless 
prisms, m. p. 195° (Found: N, 5-7. C,,H,,0,N requires N, 5-7%). 


One of us (S. G. P. P.) wishes gratefully to acknowledge the receipt 
of a grant from the Chemical Society Research Fund which has 
defrayed a part of the cost of this investigation. 


THE Dyson Perrins LABORATORY, 
OXFORD. [Received, June 30th, 1925.] 


CCLXXVIII.—The Action of Nitrogen Dioxide on 
Anthracene Derivatives. 


By Epwarp DE Barry BARNETT. 


MEISENHEIMER (Annalen, 1902, 323, 205; 1904, S30, 133) has 
shown that treatment of anthracene and of 9-nitroanthracene 
with nitrogen dioxide leads to the addition of nitro-groups to the 
‘bridge ’’ bond with production of dinitro- and trinitro-dihydro- 
anthracene. The action of alkali on these compounds leads to 
loss of 1 mol. of nitrous acid with re-establishment of the “ bridge,” 
but for this purpose pyridine is much more satisfactory and leads 
to purer products owing to its having no tendency to rearrange 
the resulting nitro-compound into an oxime (compare Barnett, 
Cook, and Grainger, J., 1922, 124, 2065). The facile addition of 
nitro-groups appears to be common to all anthracene derivatives 
in which the “ bridge ’”’ is intact, and in this way the “ bridge ” 
exhibits very close analogy to an ethylenic bond (compare Wieland, 
Annalen, 1922, 421, 2065). The resulting compounds should, in 
the majority of cases, be capable of existing in cis- and trans-forms, 
and as evidence has recently been obtained (Barnett and Matthews, 
Rec. trav. chim., 1924, 48, 534; Barnett, Cook, and Matthews, 
vbid., 1925, 44, 217, 728, 818) that the geometrical configuration 
and the stability of compounds formed by addition to the “ bridge” 
are profoundly influenced by the presence of other substituents in 
the molecule, the action of nitrogen dioxide on several anthracene 
derivatives has been examined, with the following results. 

(i) Neither meso- nor JSz.-substituents have any appreciable 
influence on the ease with which addition to the “ bridge ”’ takes 
place, 9 : 10-dibromoanthracene, for example, reacting with nitrogen 
dioxide almost as easily as anthracene itself. 

(ii) Bz.-Substituents do not increase the stability of the com- 
pounds formed by the addition of nitro-groups to the “ bridge,” 
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whereas in the case of the addition of halogen atoms, the presence 
of chlorine atoms in «-positions results in an enormous increase in 
stability (Barnett and co-workers, loc. cit.). 

(uli) Ms.-Substituents appear to decrease the stability of the 
9 : 10-dinitro-9 : 10-dihydroanthracenes. 

(iv) Any compound of the general formula I will undergo re- 
establishment of the “ bridge” with great ease on treatment with 
pyridine. 


X—C—NO, X—C—NO, 
I) C,H,< >C,H, C.H,< >C,H, (IL) 
H—C—NO, X—C—NO, 


If X is a hydrogen atom, this re-establishment is brought about 
by loss of nitrous acid and formation of a derivative of 9-nitro- 
anthracene. If X is a nitro-group, loss of nitrous acid and form- 
ation of a derivative of 9 : 10-dinitroanthracene take place. If X 
is a halogen atom, loss of halogen acid takes place. This last 
point is interesting, as Schaarschmidt (Ber., 1924, 57, 2065; 1925, 
58, 499) has shown that the action of nitrogen dioxide on halogen 
benzenes, with or without the addition of aluminium chloride, 
leads to the production of nitrohalogen benzenes, the p-isomeride 
‘predominating, often almost to the complete exclusion of the 
o-isomeride. In Schaarschmidt’s experiments intermediate additive 
compounds were undoubtedly formed (and actually isolated in the 
impure state in combination with aluminium chloride). Since 
these lose nitrous acid rather than halogen acid, their structure 
must be different from that of those additive compounds formed 
by addition to an anthracene “ bridge.’”’ This difference may be 
due to addition having taken place to a double bond (Kekulé 
formula). Alternatively, addition may have taken place to a 
“ bridge ” (Dewar formula), the different behaviour of the benzene 
and anthracene derivatives lying in their geometrical configuration, 
cis- in the case of anthracene derivatives, trans- in the case of 
benzene derivatives. Owing to the very unstable nature of the 
additive compounds it is extremely difficult to decide which of 
these alternatives is correct. 

- (v) Compounds of the general formula II, where X represents 
halogen, are extremely unstable and pass readily at the ordinary 
temperature into 9-nitro-9-halogen anthrone (when X is bromine) 
or into the corresponding anthraquinone (when X is chlorine). 

(vi) When the molecule is unsymmetrical, loss of nitrous acid 
from a derivative formed by the addition of nitrogen dioxide may 
or may not lead to the same nitro-compound as is formed by loss 
of water from the compound (nitrodihydroanthranol) obtained by 

the addition of nitric acid to the “ bridge.” 


) ‘ 
\¢ 
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EXPERIMENTAL. 


Nitrogen dioxide generated by heating a mixture of lead nitrate 
and sand was passed into a solution or suspension of the anthracene | 
derivative in chloroform, the whole being well cooled in a freezing 
mixture. The increase in weight gave the amount of nitrogen | 
dioxide used; except where otherwise stated, it was found best to_ 
use excess. As a rule the reaction was complete in a few minutes, 
but in all cases the whole was kept in a freezing mixture for an hour 
before working up. The additive compounds were isolated by 
diluting and washing with light petroleum and recrystallising the 
solid, usually from luke-warm chloroform-—light petroleum. Owing 
to the unstable nature of the additive compounds, recrystallisation — 
is often very troublesome, and it was generally found best not to 
attempt to crystallise more than a gram at a time. The products 
can only be dried in a vacuum desiccator at the ordinary tem-— 
perature, and they retain solvent very obstinately. They are all 
colourless, crystalline solids. 

9-Nitroanthracene and 9: 10-dinitroanthracene (m. p. 310°, not 
294° as given in the literature) were prepared very easily by the 
action of cold pyridine and alcohol on the additive compounds 
obtained from anthracene and 9-nitroanthracene respectively. 

1-Chloroanthracene gave an additive compound, which, owing 
to its slight power of crystallisation, could not be obtained pure. 
The crude substance on treatment with pyridine and alcohol in 
the cold gave l-chloro-9 (or 10)-nitroanthracene (golden-yellow — 
needles from alcohol or glacial acetic acid, m. p. 155°) which is_ 
different from the chloronitro-compound produced by the action 
of pyridine on the additive compound obtained from 1-chloro-_ 
anthracene and nitric acid (Barnett and Matthews, Rec. trav. chim., 
1924, 43, 538) (Found: N, 5-4. C,,H,O,NCI requires N, 5-4%). 

2-Chloroanthracene gave an additive compound which could 
only be obtained as a viscous oil. This with pyridine and alcohol 
gave a yellow solid which was obviously a mixture of isomeric | 
chloronitro-compounds, but no simple method of separation was 
found. 

1 : 5-Dichloro-9 : 10-dinitro-9 : 10-dihydreanthracene was obtained 
from 1: 5-dichloroanthracene. It retains chloroform very obstin- | 
ately; the sample analysed had been recrystallised, although with — 
very heavy loss, from warm acetone (Found: N, 8-0. C,,H,O,N,Cl, 
requires N, 8-3%). On heating, it turns yellow and then melts 
at 156° with violent evolution of gas. With cold pyridine and — 
alcohol it passes very readily into 1 : 5-dichloro-9-nitroanthracene. — 

The additive compound from 1: 8-dichloroanthracene could not 
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be obtained free from solvent, and a sample dried for 5 days in 
a vacuum desiccator gave a strong carbylamine reaction (Found : 
N, 5-7 after 1 day, 5-65 after 5 days. C,,H,O,N,Cl,,14CHCI, 
requires N, 54%). It melts at 215° with violent evolution of 
gas, after turning yellow at a much lower temperature. On treat- 
ment with cold pyridine and alcohol it gave the same | : 8-dichloro-9 
(or 10)-nitroanthracene as is obtained by the action of pyridine 
on the additive compound of nitric acid and 1 : 8-dichloroanthracene 
(Barnett and Matthews, loc. cit.). 

9-Bromo-9 : 10-dinitro-9 : 10-dihydroanthracene—The quantities 
used were 4 g. of nitrogen dioxide, 10 g. of 9-bromoanthracene, 
and 20 c.c. of chloroform. The solid collected after keeping for 
an hour and identified after recrystallisation as 9 : 10-dibromo- 
anthracene was a by-product and was not present in the original 
9-bromoanthracene. The main product, twice recrystallised, 
was colourless; on heating, it turned yellow and then sintered 
at about 115°, but had no definite melting point (Found: N, 
8-0. C,,H,O,N,Br requires N, 8-0%). 9: 10-Dinitroanthracene 
was the sole product obtained by the action of pyridine and alcohol. 

9-Bromo-9-nitroanthrone.—The quantities were 5g. of nitrogen 
dioxide, 10 g. of 9: 10-dibromoanthracene, and 25 c.c. of chloro- 
form; the period of keeping was about 2 hours. The product, 
recrystallised twice, formed colourless, silky needles which sintered 
at 116° and agreed in their general properties with the description 
of 9-bromo-9-nitroanthrone given by Meisenheimer (Annalen, 
1904, 330, 181) (Found: N, 4:45. Cale., N, 4.4%). This com- 
pound passes into anthraquinone very easily. The reaction is 
probably decomposition rather than hydrolysis, as it was com- 
pleted in a few minutes when the compound was added to boiling 
benzene which had been dried for several weeks over metallic 
sodium. 

9 : 10-Dichloro-9 : 10-dinitro-9 : 10-dihydroanthracene.—The _ solid 
obtained from 7 g. of nitrogen dioxide and 12:5 g. of 9 : 10-dichloro- 
meeoracene in 50 c.c. of chloroform was washed with cold chloro- 
form-—light petroleum and then twice recrystallised from chloro- 
form. It is extremely unstable and decomposes almost at once 
into anthraquinone on boiling with chloroform, but by working 
with amounts of about 0-5 g., dissolving these in chloroform at 
30°, and at once cooling the solution in a freezing mixture, snow- 
white crystals were obtained. Owing to the rapid decomposition 
which takes place at the ordinary temperature it was found neces- 
sary to analyse the product after drying it for an hour in a vacuum 
desiccator over concentrated sulphuric acid (Found: N, 8-0. 
©,,H,0,N.Cl, requires N, 8-3%). 
| 
if 


i 
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1:5: 9-Trichloro-9 : 10-dinitro-9 : 10-dihydroanthracene.—The pro- 
duct from 3 g. of nitrogen dioxide and 7 g. of 1: 5: 9-trichloro- 
anthracene in 15 c.c. of chloroform, after being twice crystallised, 
was a slightly yellow, crystalline powder which on heating decom- 
posed with violent evolution of gas at 156° (Found in material 
dried for 3 hours: N, 7:4. C,,H,O,N,Cl, requires N, 7-5%). 

1 : 5-Dichloro-9 : 10-dinitroanthracene was obtained by the action 
of cold pyridine and alcohol on the above trichlorodinitrodihydro- 
anthracene. After being twice recrystallised from pyridine, it 
formed pale yellow needles, m. p. 277° (Found : N, 8-3. C,,H,0,N.Cl, 
requires N, 8-3%). 

2:3: 9-Tribromo-9-nitroanthrone—Excess of nitrogen dioxide 
was passed into a well-cooled suspension of 10 g. of 2:3:9: 10- 
tetrabromoanthracene in 50 c.c. of chloroform, and the whole 
kept for 3 hours in a freezing mixture. Unchanged tetrabromo- 
anthracene was removed, the filtrate diluted with light petroleum, 
and the solid which separated washed with light petroleum and 
then twice recrystallised from warm chloroform—light petroleum 
(Found: N, 2-8. C,,H,O,NBr, requires N, 2-9%). When heated 
with toluene, this product evolves brown fumes and passes 
quantitatively into 2 : 3-dibromoanthraquinone. 

The products obtained by the action of nitrogen dioxide on 
anthranyl methyl ether, 9-phenylanthracene or 9-phenylanthrany] 
methyl ether were, not additive compounds, but 9-nitroanthrone, 
9-nitro-10-phenylanthracene and 9-phenyl-9-hydroxyanthrone re- 
spectively, all of which were identified by direct comparison with 
authentic samples. 


Sir JOHN Cass TrcHNICAL INSTITUTE, 
Lonpon, E.C. 3. [ Received, July 6th, 1925.] 


COCLXX1IX.—The Constitution of Indian Kamala, 
Part f. 


By SIKHIBHUSHAN Dutv. 


KAMALA was first investigated by Anderson, who isolated from it 
a crystalline compound, rottlerin, C,,H,)0, (Edin. New Phil. J. 
1855, 1, 300). This has been investigated by various chemists, 
including A. and W. Perkin (Ber., 1886, 19, 3109), A. G. Perkin 
(J., 1893, 63, 975), Jawein (Ber., 1887, 20, 182), Telle (Arch. Pharm. 
1906, 244, 441), Bartolotti (Gazzetta, 1894, 24, ii, 480). A. G 
Perkin (J., 1895, 67, 230) obtained from it o- and p-nitrocinnamit 
acids, p-nitrobenzaldehyde, and p-nitrobenzoic acid by the actior 
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of fuming nitric acid, and acetic and benzoic acids and phloro- 
glucinol by fusion with potassium hydroxide. The present in- 
vestigation was undertaken with a view to elucidate further the 
constitution of the substance. 

Benzene is the most suitable solvent for extracting the colouring 
matter from kamala, as it. dissolves very little of the resin. The 
pure colouring matter is best crystallised from toluene. The 
m. p. (206—207°) of the rottlerin isolated by the author is 15° 
higher than that recorded by A. G. Perkin (Telle, loc. cit., gives 
m. p. 203—204°); the two substances, however, appear to be 
almost identical in chemical properties. 

On treatment with acetic anhydride rottlerin yields a colourless, 
erystalline hepta-acetyl derivative melting at 165°; Perkin isolated 
a hexa-acetyl derivative as a yellow, crystalline powder melting 
at 130—135°. Possibly rottlerin contains, in addition to six 
phenolic hydroxyl groups, an alcoholic hydroxyl group which can 
be acetylated only under suitable conditions. In support of this 
view is the fact that only hexamethoxy and hexabenzoyl derivatives 
are obtainable from rottlerin by the action of methyl sulphate and 
benzoyl chloride in presence of dilute sodium hydroxide solution 
—conditions under which an alcoholic hydroxyl group is scarcely 
attacked at all. 

Acetylrottlerin and acetylmethoxyrottlerin form dibromo- 

additive compounds. This indication of the presence of a double 
‘bond in rottlerin is supported by the fact that the action of fuming 
nitric acid on the substance produces a large quantity of p-nitro- 
cinnamic acid. 
_ On fusion with potassium hydroxide rottlerin yields phloro- 
glucinol as the only phenolic compound, and on oxidation with 
permanganate acetyl- and methoxy-rottlerin are converted into 
triacetyl- and_ trimethyl-phloroglucinoldicarboxylic acids,  re- 
spectively. These facts indicate that rottlerin contains two 
phloroglucinol residues joined to the parent structure by either 
one or two side chains; if by one side chain, an alkyl subscituent 
‘is present in the phloroglucinol nucleus. Moreover, as phthalic 
and terephthalic acids are almost always formed in the oxidation 
of rottlerin, there appear to be two more benzene nuclei in its 
molecule, containing side chains in ortho-positions in the one and 
in para-positions in the other. The two acids, however, may be 
‘produced by selective elimination of a side chain from the same 
benzene nucleus containing three side chains in the 1:2: 4- 
positions. This alternative is the more probable, for the presence 
of five benzene nuclei would account for thirty out of the thirty- 
three carbon atoms in the molecule of rottlerin; there would remain 
| VOL. OXXv—. 3 Z 
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only three carbon atoms, two of which must be present in the side 
chain containing the double bond. In all probability, therefore, 
rottlerin contains four benzene nuclei, of which (1) two must be 
phloroglucinol residues, (2) one must be in the residue C,H,-CH-°CH-C, 
and (3) one must be a benzene nucleus containing uh lene three 
side chains. 

Rottlerin is converted into a ketone, rottlerone, by the action of 
2° sodium carbonate solution (Perkin, loc. cit.), and therefore 
appears to contain a secondary alcoholic hydroxyl group. 

As Telle (loc. cit.) seems to have isolated the mono-, di-, and tom 
methyl ethers of phloroglucinol from the products of interaction 
of barium hydroxide solution, and of sodium hydroxide and zinc 
- dust, and rottlerin, the phenolic hydroxyl groups in this would 
appear to be more or less methylated. The present author, how- 
ever, obtained a negative result in the estimation of methoxyl by 
Zeisel’s method. The phenolic portion of the rottlerin molecule 
is completely destroyed by the action of oxidising agents, but 
phenolic derivatives are obtained in large yields by oxidation of 
acetyl- and methoxy-rottlerin, in which the phenolic hydroxyl 
groups are protected from the action of the oxidising agent. 

From the ease with which cinnamic acid and dihydrocinnamic 
acid are produced from rottlerin by the action of oxidising and 
reducing agents respectively, it seems that the molecule contains a 
group C,H,-CH:CH-CO: or C,H;-CH:CH:C(OH)<. The presence of 
this Eull account for the oases of benzaldehyde, benzoic 
acid, and their derivatives by the action of various reagents.. 


ExPERIMENTAL. 


Preparation of Rotilerin—Commercial kamala (150 g.) was 
passed through a 100-mesh sieve and heated under reflux with 
1200 c.c. of benzene for 8 hours. The solution was filtered at 
once and again after 12 hours and concentrated to about 200 c.¢. 
The colouring matter, which separated slowly in large, brownish- 
yellow plates, was washed with alcohol and twice recrystallised 
ftom toluene; rottlerin was thus obtained in large, glistening, 
brownish-yellow plates, m. p. 206—207° (yield about 9 g.) (Found: 
C, 69:2; H, 5-5; M, ebullioscopic in toluene, 585, 615, 598, by 
silver salt, 675. Calc. for Cy,H590,, C, 69-4; H, 5:-2%; M, 570). 

The substance is sparingly soluble in the usual organic solvents. 
In doiling toluene and amyl alcohol it dissolves to the extent of 
about 12%, but separates almost completely on cooling. It 18 
very soluble in basic solvents like pyridine, quinoline, or aniline 
and also in alkali hydroxides and. carbonates. 

Acetylrottlerin, Cs,H»5,;09(C.H,0),, prepared by boiling pure 
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rottlerin with acetic anhydride (5 parts) and a few drops of pyridine 
and crystallised from dilute acetone, acetic acid, and alcohol, was 
obtained in colourless needles, m. p. 165° [Found: C, 64-9; H, 
b:2. C,,H.,09(C,H30), requires C, 65:3; H, 50%]. An estimation 
of acetyl by Perkin’s method confirmed the presence of 7 such groups. 

Dibromoacetylrottlerin, Cs3H,0,Br,(C,H,0),—Acetylrottlerin and 
bromine (in slight excess of 1 mol.) were allowed to react in cold glacial 
acetic acid. The mixture, which was not completely decolorised 
on gentle warming, was poured into water; the precipitate crystal- 
lised from carbon disulphide in pale yellow, microscopic needles, 
m. p. 145° [Found: Br, 15-2. C,,H,,0,Br,(C,H,O), requires Br, 
15-6% ]. { 

Benzoylrottlerin, C33H,04(Cg5H;*CO),, obtained by the Schotten- 
Baumann method, was a light yellow powder which could not be 
erystallised from any solvent. It was moderately soluble in most 
of the organic solvents, insoluble in alkali hydroxides, and did not 
melt below 300° (Found: C, 75-8; H, 4:5. C,,H,;,0,, requires 
G, 75:3; H, 45%). 

Methoxyrottlerin, C3;H,03(OMe),.—Rottlerin dissolved in 5% 
aqueous sodium hydroxide was shaken with excess of methyl 
sulphate, more alkali and methyl sulphate were added, and the 
process was repeated four or five times, the solution being kept 
alkaline. The mixture was then warmed on the water-bath {or 
| hour and the yellow solid was collected after cooling and dissolved 
m ether. The ethereal solution was exhaustively extracted with 
lilute sodium hydroxide solution, and the ether evaporated; the 
esidue crystallised from dilute acetic acid in pale yellow, micro- 
scopic needles, m. p. 185—137° [Found: ©, 71-1; H, 6-9; OMe, 
48-8. C,,H,,0;(OMe), requires C, 71-5; H, 6-4; OMe, 28-4°%]. 
 Acetylmethoxyrottlerin, C33H.303(OMe),.°C,H,0.—A mixture of 
2g. of methoxyrottlerin, 10 c.c. of acetic anhydride, and 1 drop 
of pyridine was boiled for } hour and poured into water. The colour- 
ess product crystallised from acetic acid in fine clusters of needles, 
m. p. 215—217° (Found: C, 70-2; H, 6-6. C3,H,,0,(OMe),"C,H.O 
equires C, 70-7; H, 6°3% ]. 

Dibromoacetylmethoxyrottlerin, Cs3H,303Br,(OMe),.*C,H,0.—The 
mocedure was that for preparing dibromoacetylrottlerin. The 
vale yellow product, which could not be crystallised, decomposed 
m heating and was moderately soluble in most of the organic 
‘olvents [Found: Br, 18-2. C,;H,,0,Br,(OMe),‘C,H,0 requires 
3r, 18-6%]. 

‘Action of Oxidising Agents on Rottlerin and its Derivatives. — 
1) Puming nitric acid. Rottlerin (10 g.) was gradually added to 
0 c.c. of nitric acid (d 1-5), the temperature being spas kept 
| 322 
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below 0°. The colouring matter dissolved very easily and torrents 
of red fumes were evolved. After 1 hour, the mixture, which had 
become almost solid owing to separation of p-nitrocinnamic acid, 
was diluted somewhat with ice-cold nitric acid (d 1-4) and filtered: 
the crystals melted at 285° after crystallisation from alcohol. A 
further quantity of p-nitrocinnamic acid was obtained on pouring 
the nitric acid mother-liquor into ice-water. The filtrate on 
extraction with ether yielded a gum from which succinic acid was 
isolated. Acetic acid was detected in the mother-liquor. Ne 
o-nitrocinnamic acid, p-nitrobenzoic acid, or p-nitrobenzaldehyde 
could be isolated (compare Perkin, loc. cit.). p-Nitrobenzaldehyde 
and -nitrobenzoic acid were formed in fairly good quantity u 
the mixture was allowed to warm during the reaction, but even 
so, no o-substituted derivative could be isolated. 

(2) Dilute nitric acid (d 1-2). Rottlerin (10 g.) was heated or 
the water-bath for 72 hours with 200 c.c. of dilute nitric acid witk 
occasional shaking; the brownish-yellow colour of the rottlerir 
had then disappeared and the liquid was thick with white crystals 
The mixture was filtered; acetic acid was detected in the filtrate 
The crystals gave benzoic acid on distillation in steam; the non 
volatile portion, on repeated extraction with boiling water, yieldec 
almost colourless needles of p-nitrobenzoic acid, m. p. 237°. A 
small quantity of phthalic acid was obtained by evaporating thi 
aqueous filtrate to dryness and crystallising the residue from boiling 
water. 

The residue left after extraction with boiling water was insolubl 
in almost all solvents. Heated under diminished pressure, 1 
sublimed in long needles of terephthalic acid (the methyl este: 
melted at 139°, alone or mixed with methyl terephthalate) (Found 
C, 57-5; H, 3-9; Ag in silver salt, 57-2. Calc., C, 57-8; H, 3-6 
Ag, 56-8%). 

(3) Alkaline potassium permanganate. Rottlerin (5 g.) dissolvec 
in 250 c.c. of 3° sodium hydroxide solution was treated with 1% 
potassium permanganate until this was no longer decolorised 
The solution was filtered, concentrated to small volume, and acidified 
The white precipitate was distilled in steam, small quantities 0 
benzoic and acetic acids passing over. The non-volatile residue 
on extraction with hot water, yielded a small quantity of phthali 
acid, while the aqueous mother-liquor, on extraction with ether 
yielded an unidentified dibasic acid, C,,H,)0,, which crystallisec 
from glacial acetic acid in glistening prisms,m.p.192°. The aqueou 
mother-liquor after extraction with ether contained oxalic aci 
(isolated as calcium salt). The insoluble residue left after all thes: 
operations was terephthalic acid. 
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(4) Alkaline hydrogen peroxide. The same substances are obtained 
by the prolonged action of hydrogen peroxide on a cold alkaline 
solution of rottlerin as by the action of potassium permanganate ; 
some benzaldehyde also is produced and the yield of the unknown 
acid is greater. 
| (5) Alkaline potassium ferricyanide. The reaction, which was 
very slow in the cold, was completed in several hours in the warm. 
‘On acidifying the alkaline solution, a tarry mass was obtained, 
which on distillation in steam yielded small quantities of benz- 
aldehyde and benzoic acid. From the dark brown, brittle residue, 
which was very soluble in alkali or ether, nothing definite could 
be isolated. On oxidation with alkaline permanganate, it yielded 
a mixture of phthalic and terephthalic acids and also a small 
quantity of another acid, m. p. 216°. The last appears to be a 
tribasic acid from the analysis of its silver salt, but it was not 
obtained in sufficient quantity for further examination. 

(6) Potassium persulphate. Rottlerin (5 g.) dissolved in 150 c.c. 
of concentrated ice-cold sulphuric acid was gradually treated with 
14 g. of finely powdered potassium persulphate with stirring, until 
earbon dioxide was no longed evolved. The solution, which 
became colourless after being stirred for 2 hours, was poured on 
to ice, and the precipitate collected; acetic acid was detected in 
the filtrate. The precipitate was separated by steam distillation 
into volatile benzaldehyde and benzoic acid and non-volatile 
phthalic and terephthalic acids with only traces of cinnamic acid. 
The unknown dibasic acid, which is an almost constant oxidation 
product of rottlerin, was not formed. 

(7) Fusion with potassium hydroxide. Ten grams of rottlerin 
Were gradually added to 100 g. of potassium hydroxide and 10 c.c. 
at water at 100°; the mixture was then heated at 180—200° for 
$ hour. The cold melt was dissolved in water, acidified with 
soncentrated hydrochloric acid, extracted with ether, and the ether 
avaporated. The dark brown, viscous mass thus obtained, which 
a a strong odour of acetic acid, gave, on steam distillation, 


etic and benzoic acids. An ethereal extract of the residue, on 
lecoloration with animal charcoal and concentration at the ordinary 
emperature, yielded large, transparent leaflets of phloroglucinol, 
mn. p. 218°. The ethereal mother-liquor on complete evaporation 
eit a brown gum from which nothing definite could be isolated. 
_ Action of Reducing Agents—(1) Zinc dust and sodium hydroxide. 
{ mixture of 5 g. of rottlerin, dissolved in 150 c.c. of 5° sodium 
tydroxide, and 20 g. of zinc dust was heated on the water-bath 
or 1 hour, and the colourless solution was filtered and acidified 
vith hydrochloric acid. The yellowish-white, viscous mass obtained, 


\ 
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on distillation in steam, gave an acid distillate from which small 
quantities of succinic and acetic acids were isolated. The non- 
volatile residue, on cooling, solidified to a brown, brittle mass, from 
which dihydrocinnamic acid was isolated by extracting the powdered 
substance with sodium bicarbonate solution. The final dark 
brown residue could not be crystallised, nor could anything definite 
be isolated from it. It gave a dark violet coloration with ferric 
chloride, dissolved in sodium hydroxide or carbonate solution with 
a dark brown colour, and on fusion with potassium hydroxide at 
200°, yielded comparatively large quantities of phloroglucinol. 

(2) Tin and hydrochloric acid. A mixture of 10 g. of rottlerin with 
20 g. of tin dust was heated with 150 c.c. of fuming hydrochloric 
acid on the water-bath with frequent stirring until all the tin had 
dissolved. The mass was diluted with water and filtered hot, 
The filtrate on extraction with ether yielded small quantities ol 
acetic and succinic acids. The tarry residue on extraction with 
sodium bicarbonate yielded 1-3 g. of dihydrocinnamic acid. ‘The 
residue, which could not be crystallised, yielded phloroglucino! 
on fusion with potassium hydroxide. 

(3) Sodium hyposulphite. Rottlerin in alkaline solution, on 
treatment with sodium hyposulphite, yielded a brown, tarry mass, 
from which only dibydrocinnamic acid could be isolated. 

(4) Hydriodic acid and red phosphorus. A mixture of 5 g. ol 
rottlerin, 2 g. of red phosphorus, and 20 c.c. of hydriodic aci¢ 
(d 1-75), when heated in a sealed tube at 230—250° for 6 hours, 
developed great pressure, due to what was probably a gaseous 
aliphatic hydrocarbon, and separated into two layers. The upper 
dark brown, oily layer, isolated by means of ether, distilled betweer 
135° and 260°; decomposition then set in. The largest fraction 
b. p. 145—160°, on redistillation gave, between 152° and 159°, ¢ 
colourless liquid with an odour resembling that of mesitylene. Ii 
was probably n-propylbenzene (Found: C, 89-7; H, 10-2. Cale. 
C, 90:0; H, 10-:0%), but only a small quantity was available foi 
examination. When heated with fuming nitric acid, it yielded ¢ 
very small quantity of a crystalline acid, m. p. 140°, which did no! 
depress the m. p. of m-nitrobenzoic acid. 

(5) Pyrogenic reduction with zinc dust. Ten grams of rottlerit 
were distilled with zinc dust in the usual way in a stream 0: 
hydrogen. Gaseous hydrocarbons were evolved. The distillat 
which was collected in a receiver cooled in a freezing mixture con 
sisted of a mixture of a crystalline solid and a liquid. The latte: 
was absorbed in porous plate; the solid, crystallised from alcohol 
gave colourless plates, m. p. 190°, of $-methylanthracene anc 
yielded $-methylanthraquinone on oxidation with nitric acid 


DUTT : THE CONSTITUTION OF INDIAN KAMALA. PART I. 2051 
The liquid, extracted from the porous plate with ether, was colour- 
less, had b. p. 230—240°, and could not be identified; it was not 
obtained in sufficient quantity for analysis or quantitative examin- 
ation. 

_ Oxidation of Acetylrotilerin with Permanganate.—Acetylrottlerin 
(20 g.) suspended in 500 c.c. of water was oxidised at 80° with 
25 g. of potassium permanganate in 5% solution, kept neutral by 
the addition of 10 g. of copper sulphate. The excess of per- 
Manganate was destroyed by ferrous sulphate, and the solution 
filtered. The filtrate, on evaporation to a small volume and acidific- 
ation, yielded a small quantity of benzoic acid; the mother-liquor 
contained oxalic and acetic acids. 

The precipitated oxides of manganese, iron and copper were sus- 
pended in water and dissolved by passing a current of sulphur 
dioxide. ‘The brown, crystalline residue was extracted with boiling 
water, and from the solution a small quantity of phthalic acid was 
obtained. The insoluble residue, on extraction with alcohol, left 
terephthalic acid. The alcoholic extract, after decoloration with 
animal charcoal and dilution with hot water, yielded triacetyl- 
phloroglucinoldicarboxylic acid in glistening prisms, m. p. 260— 
270° (decomp. and evolution of carbon dioxide) (Found: C, 49-2; 
H, 3-7; Ag in the silver salt, 39-4. Calc. for C,,H,.049, C, 49:4; 
H,3-5%. Calc. for C,,H,.0,,Ag,, Ag, 38-99%). The ethyl ester, pre- 
pared in the usual way, melted at 96° and was identical with that 
described by Moore (J., 1904, 85, 167). On deacetylation with 
concentrated sulphuric acid in absolute alcohol, the acid yielded 
ethyl phloroglucinoldicarboxylate, m. p. 106° (Moore, loc. cit.). 

' On heating in a vacuum at 220°, the acid evolved carbon dioxide. 
The melt was dissolved in ether, washed with very dilute sodium 
hydroxide, decolorised with animal charcoal, and the solution 
evaporated; colourless prisms, m. p. 105°, of triacetylphloro- 
glucinol were thus obtained. When this was hydrolysed by 
Solution in strong sulphuric acid, phloroglucinol was produced in 
quantitative yield. 

| Oxidation of Methoxyrottlerin with Permanganate——Methoxy- 
rottlerin was oxidised by a boiling neutral solution of potassium 
permanganate and the reaction products were isolated in the ways 
described above. Benzoic, acetic, phthalic, and terephthalic acids 
were obtained together with trimethylphloroglucinoldicarboxylic 
acid, which crystallised from dilute alcohol in glistening, white 
needles, m. p. 248—255° (decomp. and evolution of carbon dioxide) 
(Found: C, 51-3; H, 4:8; Ag in the silver salt, 46-4. Cale. for 
C,,H,,0,, C, 51-5; H, 46%. Calc. for C,,H,)0,Ag,, Ag, 45-95%). 
The acid was heated at 240° for } hour until the evolution of carbon 
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dioxide had ceased, and then distilled. A colourless liquid passed 
over at 250—255° and solidified in the receiver to a crystalline mass 
of glistening leaflets, m. p. 50—51°, of trimethylphloroglucinol. 
This gave a quantitative yield of phloroglucinol on hydrolysis with 
concentrated hydriodic acid. 


The greater part of this work was done in the Laboratories of 
the Dacca College and the Dacca University during 1921-1923. 
My best thanks are due to Mr. Nirmal Kumar Sen for his help 
in the preparation of large quantities of rottlerin, and to Dr. E. R. 
Watson and Dr. P. C. Ghosh for their kind encouragement during 
the progress of the work. 
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CCLXXX.—The Decomposition of Carbon Monoxide 
in the Corona due to Alternating Electric Fields. 
Pore): 


By Micurent Crespr1 and Rospert WinstTaNLEy Lunt. 


In the course of experiments repeating the work of Moser and 
Isgarischeff (Z. Hlektrochem., 1910, 16, 613) on the decomposition 
of carbon dioxide when submitted to the corona produced by 
alternating electric fields of commercial frequencies, one of the 
authors (R. W. L.) observed the formation of a solid substance 
the properties of which appeared to be similar to those of the solid 
obtained by Brodie when investigating the action of the electric 
discharge on carbon monoxide (Annalen, 1873, 169, 270; Proce. 
Roy. Soc., 1873, 21, 245). The chief characteristics assigned to 
the solid by Brodie were a dark brown colour, high solubility in 
water and alcohol (the former solution giving a marked acid 
reaction), and a very low solubility in ether. Basing his arguments 
on the composition of the gas phase before and after exposure to 
the discharge, Brodie stated that there appeared to be two oxides, 
possibly two of a series, to which he assigned the formule C,03 
and C,O,. Four years later, Berthelot (Ann. Chem. Phys., 1877, 
40, 72) repeated some of Brodie’s work and assigned the formula 
C,0, to the solid substance he prepared. 

ThA view of the scanty information existing on this interesting 
compound of carbon and oxygen experiments have been carried 
out with the aim ,of describing in some detail the properties of this 
material and the conditions under which it is produced. ‘The 
difficulties encountered in producing appreciable quantities of the 
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solid substance have occasioned some delay in completing a survey 
of its properties and this communication will therefore be confined 
to an account of the behaviour of carbon monoxide when subjected 
to alternating electric fields of frequency 250 over the pressure 
range 760 to 80 mm. Hg. 


EXPERIMENTAL. 


Description of Apparatus.—Source and Measurement of Electric 
Power. Single-phase alternating current of frequency 250 was 
supplied from a motor alternator set and transformed up to the 
required voltage over the range 2000 to 10,000 volts. The voltage 
applied to the reaction vessel was measured by a Kelvin-White 
instrument and the current flowing through it was indicated 
approximately by a dynamometer type milliameter reading 0—50 
milliamperes. 

Reaction Vessel. A glass vessel fashioned in the usual manner 

of a Siemen’s ozoniser, that is to say, constructed of concentric 
cylinders, served to contain the gas during exposure to the dis- 
charge. One end of the inner tube was closed and the other was 
ground to fit into the outer tube; it could therefore be removed 
from the outer tube when necessary. Surrounding the outer tube 
was a glass jacketing tube which was filled with mercury and 
served as the high-tension electrode. The inner tube was filled 
with mercury and constituted the other electrode, which was 
earthed. It was cooled by a stream of water at room temperature 
flowing through a thin-walled glass tube immersed in the mercury. 
The temperatures of each electrode were recorded by alcohol 
thermometers, it having been observed that mercury thermometers 
tapidly fouled under the experimental conditions obtaining. 
_ The reaction vessel was so arranged that carbon monoxide could 
be fed in from a reservoir or the vessel connected to a Tépler pump; 
it was also connected to a mercury manometer. The volume of 
gas in the connecting capillary tubes which was out of contact 
with the discharge was reduced to a minimum. The diameters of 
the outer wall of the vessel were 22-4 mm. (external) and 21 mm. 
(internal), and of the inner wall 16 mm. (external) and 14:8 mm. 
(internal). The length of electrodes was approx. 300 mm. 

Preparation of Carbon Monoxide.—The gas produced by dropping 
recrystallised formic acid into an evacuated flask containing warm 
sulphuric acid was passed over solid potash and dried by flowing 
through some 6 feet of tubing packed with phosphorus pentoxide. 
It was analysed by exposure to alkaline pyrogallol and by absorp- 
fion in ammoniacal cuprous chloride solution, in which the gas was 


completely soluble. The gas so prepared was free from oxygen. 
| 3 2z* 
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Measurements and Results—TIwo sets of observations were 
carried out, one at 4500 volts and the other at 9000 volts. In 
every case the heat generated in the reaction vessel was sufficient 
to raise the mean temperature of the vessel several degrees above 
the room temperature despite the cooling of the inner electrode. 

In order to follow the pressure change during exposure to the 
discharge it became necessary to know the value of the mean 
temperature of the vessel, 7',,, corresponding to any two given values 
of the temperature of the outer and inner electrodes, 7’ and 1',, 
respectively. The following empirical relationship was observed to 
hold 

log Tm = k log T, + (1 — &) log T 


with an accuracy of about 1%. The value of & was determined 
in several cases by observing the pressure of the gas, »,, corre- 
sponding to electrode temperatures, 7 and 7',, and the pressure, 75, 
of the same gas when the whole system was allowed to reach a 
uniform temperature, 7',. We then have ) 


(Pm + 273)/(L', + 273) = p3/P2- 

Substituting the values so obtained for 7’, in the above equation, 
the mean value of k was found to be 0:737. 

Preliminary experiments established that the sole products of 
the reaction were the brown solid, which is deposited on the walls 
of the reaction vessel, and a residual gas mixture of carbon monoxide 
and dioxide, containing not more than traces of oxygen. 

The experimental procedure was to introduce carbon incre 
into the evacuated reaction vessel and to record the pressure of. 
the gas in the reaction vessel and the temperature of the two. 
electrodes every quarter of an hour from the commencement of 
the discharge until sensible equilibrium was reached, as indicated 
by the cessation of pressure change. 

After discontinuing the discharge, the residual gas was pumpall 
off and analysed by absorbing the carbon dioxide present with 
solid potash. Knowing the composition of this residual gas and 
the values of the gas pressure before and after exposure to the 
discharge, the composition of the solid substance produced can 
readily be calculated. | 

The brown solid deposited on the walls of the vessel has no 
appreciable vapour pressure. 

The results are given in Tables I and IL: py and p,, are the 
‘initial and the equilibrium pressure (mm. of Hg at 0°) of the gas m 
the reaction vessel; ¢ is the time (mins.) required to reach sensible. 
equilibrium; a@ is the ratio C/O in the solid; and 6 is the ratio 
CO/CO, in the equilibrium gas mixture. 
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TABLE «f 


Voltage applied to reaction vessel = 4500 volts r.m.s. 
Current flowing through reaction vessel = 1-0 milliamperes (approx.). 


Po- else a. b. t. (Po — P..)|t- 
501-7 344-0 1-204 11-89 225 0:70 
317-6 219-1 1-228 11-00 150 0-66 
201-4 145-4 1-256 11-76 75 0-74 
141-6 110-1 1-335 12-93 60 0-86 
105-3 83-2 1-348 13°59 35 0-63 

78:7 61-5 1-409 11-22 25 0-69 

mean 12-07 mean 0:71 
TABLE II. 


Voltage applied to reaction vessel = 9000 volts r.m.s. 
Current flowing through reaction vessel = 2-5 milliamperes (approx.). 


Po Poo a. b. te (Po — Px) [t- 
501-0 327-5 1-186 11-27 225 0-77 
304-7 213-4 1-267 10-11 135 0-68 
193-3 140-8 1-274 11-04 90 0-61 
130-8 100-2 1-308 12-63 35 0-87 

94-4 73-7 1-398 11-49 25 0-82 

mean 11-82 mean 0:77 


The curves representing the velocity of reaction can be derived 
from the following expression :— 


— dp,jdt = (k + tk')\(p, — pe), 
where p, denotes the pressure at any time ?¢, and & and k’ are 
constants which appear to be functions of the initial pressure and 
of the electrical conditions, although the time required to reach 
sensible equilibrium seems to be practically independent of the 
latter. The form of these functions remains to be determined. 
The observed values of p, and those calculated from the above 
equation are set forth in Tables III and IV; the agreement obtain- 
ing is satisfactory and not uninteresting. The values of the mean 
rate of decrease of pressure, which are cited in the sixth column 
of Tables I and II show a rémarkable constancy. 

The wide range of electrical and pressure conditions a peating 
being borne in mind, one of the most interesting results is ane 
»onstancy observed in the composition of the residual gas when 
squilibrium is reached. This approximates closely to a mixture 
% one volume of carbon dioxide with twelve volumes of carbon 
monoxide. 

_ The composition of the solid substance appears to be independent 
% the electrical conditions over the range examined, and solely 
lependent on the gas pressure, the ratio of carbon to oxygen in 
the solid substance increasing continuously with decreasing gas 


oressure. 
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Tasie III. 


Voltage applied to reaction vessel = 4,500 volts r.m.s. 
Pressures as before in mm. Hg. (0°). 


k = 0-0127. k = 0-0102. k =0-0828. k =0-0801 
k’ = 0-00023. k’ = 0:00062. k’ = 0-:00388. k’ = 0-00679 
Time in p p p p p p p 
mins. obs. cale. obs. cale. obs. cale. obs cale 
0 501-7 501-7 317-6 317-6 141-6 141-6 105-3 105:3 
5 — — — — — — 98:0 98-0 
10 -- — — — — — 91:5 91:5 
15 474-9 4744 2966 294:0 119-2 119-2 87-2 87-1 
30 447-5 4464... 272-0 2740 112 Side — — 
35 — — —- — — ~- 83:2 83-2 
45 419-1 420-5 251-5 252-3 —- — 
60 398-0 3982 238-4 236-6 110-1 110-1 
75 381:0 380:5 229:°0 227-1 — — 
90 367-5 367-4) 223°20°°. 222-2 — — 
105 358-5 358°5 — — — — 
120 —- ~ — — 112-4 110-1] 
150 — — 219-1 219-1 --- — 
195 344-2 344-2 — — a — 
225 344:0 344-0 — — ao a= 
TABLE IV. 
Voltage applied to reaction vessel = 9,000 volts r.m.s. 
Pressures as before in mm. Hg. (0°). 
k —0-00581. k=0-043. k =0-:0547. k =0-0700. k =0-232. 
k’=0-00018. k= 0. k=0. e— k’=0. 
Timein p p p p Pp p Pp p p p 
mins obs. calc. obs. calc. obs. cale. obs. cale. obs. cale 
0 763-3 763-3 501-0 501-0 304-7 304:7 1380-:8 130-8 94-4 94-4 
5 = — — — — — 109-4 110:9 80-7 80-2 
10 _ — = — — — 103-2 103-9 75-8 75:7 
15 — — 434-8 432-9 247-4 253-6 101-6 101-5 744 74:3 
20 — — — — — — — 100-7 73:9 73-9 
25 od — — —- — — 100°8 100-4 73-7 73°7 
30 728-8 727-8 385-5 391-6 227-9 231-1 — 1003 — —— 
35 - a — — — — 100-2 100-2 — — 
45 — — 361-4 366:5 224-5 211-1 — 
60 675°4 674-5 350-8 351-2 220-3 216-8 — — 
75 — — “= — 2185 2149 — — 
90 621-9 622.2 — a — — 102-8 100-2 
120 582-7 583-1 333:6 330-7 213-9 213-5 — — 
13 a ~-- a — 213-4 213-4 — 
225 ~- a ORE O2IRO oa _- — 
300 5415 5415 — — = a — 


This observation is in agreement with the work of the Genera 
Electric Company’s Research Staff on the disappearance of carbo 
monoxide in discharge tubes when operated at pressures less tha. 
1 mm. of mercury (Phil. Mag., 1920, 40, 585). 
opinion that at such pressures the monoxide decomposed to carbo 


They were of th 
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and the dioxide, although no chemical tests were made to establis 
the formation of carbon. 
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In addition to possessing the properties recorded by Brodie and 
Berthelot the solid substance is ‘very hygroscopic. In view of the 
small quantities of material available up to the present time the 
systematic examination of its chemical properties is reserved for a 
later communication. 


Summary. 


(1) A description has been given of the behaviour of carbon 
monoxide in the corona due to alternating electric fields of frequency 
250. It decomposes giving a solid substance, containing carbon 
and oxygen, and a mixture of carbon dioxide and monoxide of 
approximately constant composition. 

(2) The composition of the solid substance appears to be inde- 
pendent of the electrical conditions and varies solely with the gas 
pressure. 

(3) In so far as the properties of the solid substance have been 
examined they are similar to those recorded by earlier investigators. 
In addition the substance has been found to be highly hygroscopic. 

(4) Experiments are in progress to determine more completely 
the nature of the solid substance. 
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CCLXXXI.—Anode Phenomena in the Electrolysis of 


| Potassium Ethyl Malonate. 


By JoHN BRAITHWAITE ROBERTSON. 

R.E. Greson (this vol., p. 475) has shown that the synthesis of tri- 
chloromethy! MibhIcoWseLAtS by electrolysis of trichloroacetic 
acid takes place only when the anode potential exceeds 2-34—2-37 
volts on the hydrogen standard and concluded that the anode 
process is one of direct oxidation. However, as he points out, 
this is not a carbon to carbon synthesis, and it appeared desirable 
to determine whether similar results would be obtained in a true 
Kolbe synthesis. 
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As in the apparatus devised for measuring anode potentials, 
only small currents could be employed, and therefore only small 
quantities of synthetic product obtained, potassium ethyl malonate 
proved to be a very suitable material because, whereas this salt is 
very soluble in water, the diethyl succinate formed on synthesis 
is an oil and sparingly soluble in the solution employed. On 
production of this oil a change in the appearance of the gas bubbles 
leaving the anode was easily observable, as Gibson found to be 
the case with trichloroacetate. When no synthesis occurred, these 
were small in size and left the anode freely, but as soon as the oil 
was formed they became much larger and appeared to cling to the 
anode, a phenomenon attributable to their being coated with a 
thin film of the synthetic oil. 

Preliminary experiments showed that a change occurred at a 
potential of about «zy = 2-3, where eg is potential referred to the 
normal hydrogen electrode as standard. Below this potential the 
gas evolved at the anode was chiefly oxygen, whereas above this 
potential scarcely any oxygen was produced, the gas being almost 
pure carbon dioxide. : 

A series of determinations was carried out to fix this point more 
exactly. Measurements were made at different values of the 
applied H.M.F. between the electrodes of (1) the anode potential, 
(2) the current, and (3) the volume and composition of the gases 
evolved in unit time. Similar measurements were also made when 
electrodes of (1) platinised platinum, (2) grey platinum, and 
(3) gold were used. The apparatus employed is practically identical 
with that described by Gibson, except that here it was not necessary 
to have the anode and the cathode in separate compartments. 

The potential difference between the anode and a calomel electrode 
was measured by the compensation method, with use of an Ostwald 
decade rheostat, a battery of accumulators, a sensitive galvano- 
meter, and a standard cadmium cell. The current passing through 
the electrolyte was measured on a milliamperemeter, and the 
H.M.F. between the electrodes on a shunted voltmeter. 

After all necessary connexions had been made, the current was 
switched on and the voltage adjusted to give the desired H.M.F. 
between the electrodes. Readings of the anode potential were 
made at intervals. The penal took a considerable time to 
become constant, in general about an hour, but in some cases 
several hours; with gold electrodes within a certain range no 
steady reading was obtained even after a constant H.M.F. had 
been applied for 12 hours. When equilibrium was reached, the 
evolved gases were collected for a measured length of time varying’ 
from 4 hour to 3 hours (depending on the current passing) uni 


ELECTROLYSIS OF POTASSIUM ETHYL MALONATR. 2059 


at least 20 c.c. were obtained. During this time freouent regular 
readings of anode potential and current were made, and the means 
of these were taken as representing the potential and current 
during the period. If these readings varied by more than a few 
hundredths of a volt or a few milliamperes, as the case might be, 
the experiment was abandoned. The amount of hydrogen found 
on analysis served as a check on the amperemeter readings. It 
was necessary to determine only the carbon dioxide and oxygen 
in the gas sample, the residue being hydrogen. Several tests with 
fuming sulphuric acid showed that no unsaturated hydrocarbon 
gases were produced. 
The results are detailed on p. 2060 : c is the current in milliamperes, 
eq the anode potential, and CO, and O, are the volumes (c.c at 
N.T.P.) evolved per hour. 
The solution used in each case was N-potassium ethyl malonate. 
The values for carbon dioxide do not represent the total carbon 
dioxide produced, as a considerable proportion of this remains in 
the solution, being fixed as carbonate or bicarbonate by the alkali 
formed round the cathode, but they are useful for purposes of 
comparison. 
The diagrams show curves for oxygen evolved per hour and 
current carried plotted from the above data, the numbers of the 
diagrams corresponding with those of the tables on p. 2060. 
With smooth platinum electrodes (IB) there is, between anode 
potentials of 2-30 and 2-37, a sudden drop in oxygen evolved. A 
similar drop, although not so sharp, occurs with grey platinum 

electrodes (Ia) at a potential of about 2-4. The characteristic 

change in the nature of the bubbles leaving the anodes was also 
apparent about these points. This value of 2-3—2-4 therefore 
corresponds to the potential at which the synthesis of diethyl 
succinate occurs. A large-scale experiment with grey platinum 
_ electrodes and a current of 1 ampere showed that above this potential 
_ synthesis took place as with smooth platinum, a film of oil appearing 
on the surface of the electrolyte after about 15 minutes. This 
_ value of the anode potential is the same as that found by Gibson 
(loc. cit.) in the formation of trichloromethyl trichloroacetate. 

The shape of the current curve, however, differs from his. Whereas 
he found a drop in the curves on formation of the ester, here a 
fairly sharp rise takes place. In order to determine whether 
the difference was due to the different natures of the reactions or 
_ simply to differences in apparatus and working conditions, Gibson’s 
experiment was repeated using the apparatus already described but 
replacing the platinum foil anode by one of platinum wire. With 


_ N-trichloroacetic acid, a similar curve to Gibson’s was obtained. 


io 
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Is. Ig. 


Electrodes : Grey platinum. Two 
pieces of foil, 10 x 10 mm., which 
Electrodes: Two pieces of bright had been platinised, then gently 


platinum foil, each 20 x 25 mm., ignited in a spirit lamp fiame, 
1 cm. apart. 1-5 cm. apart. 
Cc. €q- CQ). Og: C. €#H- CQO,. Q,. 
20 2-02 0:7 2:3 36 2-28 0-4 6-1 
24 2-12 0-7 3:0 42 2-31 0-6 6-6. 
31 2-16 15 4+] 54 2-35 1-5 7°8 
37 2:27 1 5:3 73 2-40 2:3 8-2 
44 2-30 21 6-2 84 2:44 3:5 7:3 
63 2°37 4:0 2:6 105 2-49 4-4 7:6 
88 2-39 7:0 2-5 181 2-6—2:7 9-2 5:8 
123 2°45 20-6 0-5 
ide: if. 

Electrodes: Gold wires, 1 mm. in 
diameter, 1 cm. apart. In the first 
six experiments these were 2:5 cm. 
long. The length was then reduced 
to 0-5 cm. With a similar anode 
potential the current carried was 
then exactly 1/6th of that given 
with the larger electrodes. The 
actual results obtained for current 
and gases evolved in the first six 

Electrodes : Platinised platinum wire, experiments have been divided by 
2 cm. long and 0:5 mm. in diameter, 6 to make the whole series com- 
1-5 cm. apart. parable.* 

Cc. eq. CQ,. ;. Cc. €q- CO,. Q,. 
24 2-24 0-1 5-0 4:3 2:28 0-05 0-8 
31 2:29 0-1 6-0 7:0 2-52 0-07 1-4 
38 2-32 0-1 7:5 10-5 2-717 0-1 2-0 
53 2:43 0-1 10-1 14:0 2-88 0-1 2-7 
65 2°53 0-3 12:9 20 3°12 0-2 3:7 
91 2:68 0-4 17:1 24 3:28 0-2 4:7 
103 2:77 0-7 19-3 30 3°57 0-2 6-1 
121 2-88 1+] 22°3 32 4-24 0:2 6-2 
135 3-00 1:5 24:7 32 4:43 0:3 6-5 
142 3:10 1:9 25-6 35 5:01 0-3 6:8 
168 3°25 3:7 29-2 111 6-22 1-0 21-4 
185 3°33 7:0 29-1 133 6-31 1-3 24-9 
202 3°50 19-7 21-9 158 6-52 1-8 30-9 
210 3:78 18-4 14:5 240 6-76 2:2 44-9 


* The gold electrodes even under low potentials soon became coated with 
a brown covering of dispersed gold. The current and potential readings, 
however, were quite as constant as in the case of platinum, so it may be 
assumed that in spite of this ‘‘spattering’’ the surface area remained 
practically constant throughout. 


This type of curve was also given when potassium trichloroacetate 
was used as electrolyte. With potassium ethyl malonate, how- 
ever, a curve similar in all respects to that of Fig. 1 was obtained. 
The difference is therefore connected with the nature of the reac- 
tions at the anode and may be conditioned by the presence or 
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absence of halogen. Gibson assumes that the anode changes from 
“platinum «,” which is stable at low potentials and which does 
not favour synthesis, to “platinum 8,” stable above 2-2 volts and 
favouring synthesis. The following facts would seem to lend 
support to this view. After a solution of potassium ethyl malonate 
had been electrolysed for a time at an anode potential above the 
synthetic value the applied H.M.F. was reduced so as to bring the 
anode potential below this value; the resulting current always 
approximated after a short interval to that obtained when ascend- 
ing the curve. This was not the case when potassium trichloro- 


Psa. iL; 


a 1 ej 
20 2! 22 25; 2° 27S 


Curve Is: Bright piatinum. Curve Ia: Grey platinum. 
Horizontal axis : anode potential, «z, in volts. ‘ 
Vertical axis: on left, current in milliamperes ©, on right, oxygen per hour 
me c.c. xX. 


acetate was the electrolyte. For instance, a solution of the latter 
was electrolysed for 20 hours at a high potential. The anode 
potential was then 2-8 volts and the current 0-3 m.a. The applied 
E£.M.F. was then reduced, the anode potential becoming 2-2 volts 
and the current 0-07 m.a. On the ascending curves the current 
‘corresponding to this potential was 0-65 m.a., nearly ten times 
as large. The anode was still covered with the large bubbles 
typical of synthesis, although the potential was now well below 
the synthetic potential. On removing these bubbles by rubbing 
with a piece of wire (without interruption of the current), although 
there was a momentary rise of current, it subsequently returned 
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rapidly to 0-07 m.a. as large bubbles reformed on the anode. Re- 
peated rubbings effected no permanent change. The electrolysis 
was then allowed to proceed undisturbed for 5 days with the same 
constant applied H.M.F. At the end of this time, anode potential 
was still 2-2 volts, but the current had increased to 0-7 m.a., a 
value agreeing well with the 0-65 m.a. obtained in the ascending 
series. On Gibson’s hypothesis, these results are simply explained — 
by assuming that “ platinum § ” was formed on the surface of the 
anode during its period of high potential, that this “ platinum 6” ~ 
continued to function as a synthetic agent on reduction of the 
potential below the normal synthetic value, but after the lapse 
of sufficient time it, being metastable at low potentials, had gradually 
reverted to “platinum «” with resulting cessation of synthesis 
and rise of current. 

Interpretation of the Results——When potassium ethyl malonate 
is electrolysed, the anion CO,Et:CH,°CO-O’ is discharged at the 
anode. On discharge, this may react with the water, or with — 
another similar anion, or the oxygen liberated from the water 
may oxidise ethyl hydrogen malonate. These possibilities are 
shown in the equations, where R stands for CH,°CO,Kt. 


Ia. 2R-CO-O0 + H,O = 2R:CO,H +, 0. 
Ib. 2R-CO,H +0 =R-R-+ 200,+H,0. 
IL. 2R-CO-0 = R-R + 2C0,. 

III. R-CO,H + 10 O = 500, + 4H,0. 


Other subsidiary reactions may occur, but in the case of the malon- 
ates these are very limited in degree. Equation Ia represents the 
reaction of the anion with water with liberation of atomic oxygen. 
If this atomic oxygen unites with another atom, molecular oxygen 
is produced and escapes as gas at the anode. An equivalent 
quantity of hydrogen will be produced at the cathode by the reac- 

tion of the potassium ions, and the whole therefore amounts to 
the simple electrolysis of water. Equation Ib represents the form-_ 
ation of diethyl succinate as a result of the oxidation of the ethyl : 
hydrogen malonate formed at the anode by the atomic oxygen | 
simultaneously liberated. Equation II represents two discharged | 
anions as uniting to form the same product, a molecule of carbon | 
dioxide splitting off from each of them. Equation HI represents. 
complete oxidation of hydrogen ethyl malonate to carbon dioxide _ 
and water. It remains to determine which reactions prevail with 
the different electrodes and with different potentials. In general, 
equation Ia represents the prevailing reaction at low potentials. _ 
It would appear justifiable to look on this reaction as being main-— 
tained during rise of potential and to consider reaction Ib, HU, 
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or III as being superimposed on it (compare ‘Gibson, loc. cit., 
p. 482). | ; 
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Fig. 3. 
Curve II: Platinised platinum. Curve III: Gold. 


H orizontal axis ; anode potential, eq, in volts. 
; Vertical axis : on left, current in milliamperes © ; on right, oxygen per hour 
ee.c. x’. 


There are then three possible forms of oxygen curve. (1) If 


Teaction Ia alone holds throughout the whole range, the amount 
of oxygen evolved per unit time would be directly proportional to 


; 
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the current, and would rise steadily with increasing potential, 
giving a continuously ascending curve. (2) If reaction II were 
superimposed at any stage, since no oxygen is either used up or 
produced by it, presumably the oxygen curve would here reach a 
maximum and then remain approximately at that value. (3) Ii 
either reaction Ib or III was superimposed, some of the oxygen — 
formed in reaction Ja would be used for oxidation work and a fall 
in the value of oxygen evolved per unit time would thereby result. 

We will now apply this reasoning in turn to each of the cases 
studied. 

Bright Platinum (Curve Is)—The oxygen curve rises with 
increase of potential and current to a maximum at a potential of 
2-3 and then rapidly falls until at potential = 2-45 practically no 
oxygen is evolved. Synthesis of diethyl succinate therefore takes 
place at anode potential = 2-3, and this synthesis is performed 
with the help of the atomic oxygen liberated at the anode or accord- 
ing to equation Ib. This point is therefore an oxidation potential, 
not a discharging or decomposition potential, as it would be it 
equation II held. It will be noted also that the current curve 
begins to rise steeply about this point, although no break has been 
shown in the curve. This can be readily explained as being due to 
depolarisation of the anode resulting from the oxygen removal. 
At low potentials, the oxygen is never equal to half the hydrogen, 
as it would be if reaction Ia occurred alone, an appreciable quantity 
of carbon dioxide being always produced. This may result from 
either reaction Ib or III taking place, 7.e., either synthesis occurring 
below the apparently limiting potential or complete oxidation of 
part of the electrolyte. It is probable, as will be shown later, 
that the oxygen deficiency represents a complete oxidation of a 
small portion of the electrolyte to carbon dioxide and water (compare 
Murray, loc. cit.). 

Grey Platinum (Curve Ic).—The curves for grey platinum resemble 
those for smooth platinum, the maximum in the oxygen curve 
being, however, less sharp. It is also noteworthy that before 
this point is reached the carbon dioxide evolved became relatively 
high as with smooth platinum. The reactions taking place are 
therefore probably the same in both cases. Although there is no 
direct experimental evidence to support the hypothesis, it seems 
probable that the comparative differences may be due to differences 
in surface current density. 

Platinised Platinum (Curve I1).—The oxygen and current curves 
rise steadily until an anode potential of about 3-3 is reached. The 
oxygen curve then falls while the current curve still ascends, 
although somewhat less steeply. If any synthesis takes place, 
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it is exceedingly small in amount, as is proved by the fact that 
on electrolysing 100 c.c. of solution between platinised platinum 
electrodes for 2 hours with a current of 2-5 amperes and extracting 
the resulting solution with ether, there remained on removal of 
the ether only a trace of an oily film which had not the character- 
istic odour of diethyl succinate. It would appear, therefore, that 
above an anode potential of 3-3 complete oxidation of the electrolyte 
(equation III) takes place in amount sufficient to produce a fall 
in the oxygen evolved. This is also shown by the larger increase 
in carbon dioxide. Below this value, only small quantities of 
carbon dioxide are produced, and relatively these are very much 
smaller compared with the oxygen evolved than is the case with 
smooth platinum. In order to test conclusively whether carbon 
dioxide is evolved at very low potentials, the following experiment 
was carried out. A modified apparatus was used which allowed 
a current of air free from carbon dioxide to be passed through the 
electrolyte. This was fitted with platinised electrodes and _ half 
filled with malonate solution to which a few drops of dilute sulphuric 
acid had been added. With no current passing, a slow stream of 
air was aspirated through the solution and then bubbled through 
a single drop of lime water contained in a small bubbling apparatus. 
After 2 hours there was no sign of milkiness in the lime water. 
This proved the malonate solution to be free from carbonate. A 
_ current of 10 milliamperes was then passed with an anode potential 

of 1-83, the same air current being continued. After + hour there 
was evidence of carbon dioxide and after 1 hour the milkiness was 
very definite. Oxidation was therefore taking place even at this 
very low potential. Since there is little doubt that the only 
oxidation occurring with platinised platinum is the complete 
oxidation of equation III, this would support the conclusion that 
in the case of smooth platinum the carbon dioxide produced at 
low potentials is due to this reaction. 

Gold (Curve III)—With gold electrodes at low potentials there 
is a very small yield of carbon dioxide, but its presence was proved 
by an experiment similar to that described in the case of platinised 
platinum. It probably represents a small amount of complete 
oxidation. The oxygen evolved rises steadily till a potential of 
3-6 is reached, then remains practically constant till potential 
= 5-0. Thereafter occurs a region of oscillating potentials. With 
an applied #.M.F. between the electrodes of 7-3 volts, the current 
varied during 12 hours between the limits of 40 and 8 milliamps., 
with corresponding anode potential variation of 5-0O—6-0. Both 
rise and fall were very slow, each occupying from 1 to 2 hours, 
and they showed no diminution in magnitude with time. Above 
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potential — 6-2, rapidly ascending smooth curves are obtained. 
The carbon dioxide evolved remains very small throughout and 
even at the highest potential reached the oxygen deficiency is 
only about 10%. It would thus appear that with gold there is 
very little oxidation of any kind, the main reaction throughout 
being that of equation Ia. The peculiar nature of the curves 
between anode potentials of 3-6 and 6-2 is doubtless due to some 
form of electrode effect, most probably the formation of an oxide 
of gold. On this assumption one can imagine that at potential 
3°6 the atomic oxygen liberated at the anode, instead of combining 
to form molecular oxygen, begins to combine with the gold. This 
tendency continues until potential = 5-0, the gradual reduction 
in conductivity of the electrode due to the formation of the film 
of oxide rendering this portion of the curve flat. Above this 
potential, 7.e., throughout the dotted portion of the curve where 
readings were not obtainable, the oxide film is alternately formed 
and destroyed as the potential varies between about 5-0 and 6-0, 
the lower potential favouring the formation of oxide and the higher 
one causing it to decompose with oxidation of the electrolyte. 
The variation in the conductivity of the electrode during these 
changes accounts for the changes in current, which throughout 
shows oscillations in an inverse direction to those of the potential. 
The final sharp rise in the curves represents a range where the 
oxide is either not formed or is destroyed as soon as formed and 
no polarising effect occurs. 


Summary. 


(1) The formation of diethyl succinate on electrolysis of potassium 
ethyl malonate is shown to be an oxidation reaction and to take 
place only when the anode is of a suitable material and when its 
potential exceeds 2-3—-2-4 volts referred to the normal hydrogen 
electrode as standard. The results are in general agreement with 
the views expressed by Gibson. 

(2) Grey platinum resembles smooth platinum in its behaviour 
as electrode material. 

(3) With platinised platinum and with gold anodes no synthesis 
occurs; but whereas the former at a potential of 3-3 causes a large 
oxidation of the electrolyte to carbon dioxide and water, with the 
latter little oxidation occurs even at potentials over 6. 

(4) What appears to be complete oxidation of a portion of the 
electrolyte occurs with all the anode materials used, even at very 
low potentials. The extent of this oxidation is small with platinised 
platinum and gold, more considerable with smooth platinum and 
grey platinum. 
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(5) With gold a peculiar instability is observed, and an explanation 


of this is suggested. 


My thanks are due to Professor Sir James Walker, F.R.S., for 
suggesting the lines of this research, and for helpful criticism during 
its performance. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF EDINBURGH. [Received, June 6th, 1925.] 


CCLXXXII.—The Reaction of Bromine with Aliphatic 
Acids. Catalytic Effect of Acyl Halides. 


By Herpert Ben Watson. 


THE investigation of the mechanism of the «-bromination of ali- 
phatic acids originated in the isolation by Steiner (Ber., 1874, 7, 184) 
of a red additive compound of acetic acid, bromine, and hydrogen 
bromide, which decomposed in absence of water to give hydrogen 
bromide and monobromoacetic acid, and the accelerating effect of 


hydrogen bromide was interpreted by Hell and Mihlhauser (Ber., 


1879, 12, 727) on the hypothesis that bromination was preceded 


by the formation of a compound of this type. Hell and Urech 


_(Ber., 1880, 13, 531) showed that, although the velocity of bromin- 


ation is dependent on the concentration of bromine, the reaction is 
not of the simple bimolecular type, an initial period of very low 


velocity being followed by a comparatively rapid disappearance of 


% 


the halogen; and they regarded this observation as confirmation 


of Hell and Mihihauser’s hypothesis. 

The rapid bromination of aliphatic acids in presence of phosphorus 
or sulphur (Hell, Ber., 1881, 44, 891; Volhard, Annalen, 1888, 
242,141; Zelinsky, Ber., 1887, 20, 2026) was regarded originally as 


involving complete conversion of the acid into acid bromide, followed 


by bromination of the latter, but this interpretation is not applicable 


‘to cases where a very marked acceleration results from the presence 


of quantities of phosphorus or sulphur which are insufficient for any 
large conversion (e.g., Gorodetzky and Hell, Ber., 1888, 21, 1729; 
Ward, J., 1922, 121, 1161). 

A new view of the reaction was put forward by Lapworth (J., 
1904, 85, 41). He observed that hydrogen chloride, as well as 
hydrogen bromide, has a catalytic effect, and he regarded this action 
as being of the same nature as the influence of acids on keto-enol 
changes; accordingly, he suggested that the bromination of carb- 
oxylic acids, like that of acetone, involves a relatively slow catalysed 
change to the enolic form, followed by instantaneous addition of 
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bromine at the point of unsaturation, and finally by loss of hydrogen 
bromide. 


catalys le Br 
R-CH,-C0, 8 R-cH:c<OH 25 R-CHBrCCOH —> 
2 OH SO 


R-CHBr-CO,H + HBr. 


He attributed the catalytic influence of small quantities of phos- 
phorus to the formation of hydrogen bromide by the action of the 
phosphorus bromides on traces of water present or on the acid itself. 
This “‘ enolic form theory ” was adopted by Aschan (Ber., 1912, 45, 
1913) to explain the production of brominated acid bromide and 
brominated acid chloride when bromine reacts with an acid chloride : 
but Meyer (Ber., 1912, 45, 2868) pointed out that such an interpre- 
tation is unnecessary, since the observation is explained equally well 
by assuming substitution followed by a reaction of hydrogen 
bromide with the brominated acid chloride (compare Staudinger 
and Anthes, Ber., 1913, 46, 1417). The results of an investigation 
of the bromination of acids in presence of small quantities of phos- 
phorus were interpreted by Ward (loc. cit.) on the basis of Lapworth’s 
suggestion, but he points out (J., 1923, 123, 2212) that the theory 
demands the existence of carboxylic acids in a form which is neither 
observed nor indicated in other reactions: in the case of ketones, 
aldehydes, and compounds containing the —CO-CH,°CO— grouping 
where the theory has been applied successfully (Lapworth, J., 1904, 
85, 30; Dawson and Leslie, J., 1909, 95, 1880; Dawson, Burton, 
and Ark, J., 1914, 105, 1275; Meyer, Annalen, 1911, 380, 235; 
Ber., 1912, 45, 2867; West, J., 1924, 125, 1277), the existence of an 
enolide is indicated in other reactions. 

The very powerful accelerating effect of a small quantity of 
acetic anhydride on the chlorination of acetic acid was observed by 
Hentschel (Ber., 1884, 17, 1286), and is now utilised in the industrial 
preparation of monochloroacetic acid. Hentschel postulated a pair 
of alternating reactions of the following type, 


(CH,'CO),0 + Cl, = CH,ClCO,H + CH,COC]. . . . (1) 
CH,-COCI + CH,CO,H = (CH,CO),0 + HCl . . . . (2) 


.The individual reactions (1) and (2) had been observed by Gal 
(Ann. Chim. Phys., 1869, 66, 187) and Anschiitz (Annalen, 1884, 
226, 1). Shaw (J., 1923, 123, 2233) found that acetic anhydride 
similarly accelerates the bromination of acetic and homologous 
acids, and suggested that bromination may take place either (a) 
through the preliminary enolisation of the acid, or (6) through a 
series of changes involving acetic anhydride, similar to those postu- 
lated by Hentschel, the latter course being by far the more rapid. 
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A re-examination of the action of bromine on acetic, propionic, 
aud n-butyric acids at 100° has been undertaken by the author, 
and the results are summarised in the following. 

_ (a) Catalytic Effect on Halogen Acids—When no catalyst is 
present initially, the course of the reaction indicates autocatalysis 
by the hydrogen bromide formed (see curve I): a “ period of 
acceleration ”’ is followed by the attainment of a maximum velocity, 
and the reaction then becomes steadily slower: variation in the 
initial concentration of bromine has a marked effect (compare Hell 
and Urech, loc. cit.). If hydrogen bromide is present initially, the 
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reaction proceeds more quickly: a very small quantity of the 
halogen acid reduces the period of acceleration to a marked extent, 
and in presence of a moderate initial concentration of hydrogen 
bromide (0-2M) this period disappears (see curve II). The velocity 
is thus dependent on the concentration of bromine and that of 
hydrogen bromide : no simple mathematical relationship has been 
found for acetic and n-butyric acids, but in the case of propionic 
acid, when the acid is present in large excess, the velocity is repre- 
sented with a tolerable degree of accuracy by the expression 
v — k[Br.|[HBr]’. This expression holds over a wide range of 
concentration of hydrogen bromide extending from zero to molar 
(see Table II): when, however, the concentration of the halogen 
| acid is very great (2M), a retarding influence comes into play. 


| 
{ 
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This is undoubtedly due to perbromide formation, as indicated by 
the pale colour of the reaction mixture (compare Joseph and 
Jinendradasa, J., 1911, 99, 274), a similar retardation having been 
observed in other reactions (Bugarsky, Z. physikal. Chem., 1901, 
38, 561; 1904, 48, 63; Bognar, ibid., 1910, 71, 529; Orton and 
Jones, Rep. Brit. Assoc., 1910, 99). Hydrogen chloride also exerts 
a catalytic effect (compare Lapworth, Shaw), but is somewhat less 
effective than hydrogen bromide, and when it is present even at. 
saturation the initial period of acceleration does not disappear 
completely (see curve III). The velocity does not remain constant 
as stated by Shaw (loc. cit.), who apparently took an insufficient 
number of points on the curve. 

In order to determine whether this catalytic action is common to 
all acids, the effect of small quantities of trichloroacetic and sulphuric 
acids was examined. The effect of trichloroacetic acid is scarcely 
perceptible (see Table 1, a and 6): sulphuric acid also has but little 
effect, but the bromination is here complicated by side reactions. 
The marked catalytic effect of halogen acids is clearly specific, and 
not common to acids in general, and this fact together with the 
dependence of the velocity on the concentration of bromine is 
evidence against the validity of the “ enolic form theory.” 

(b) Catalytic Effect of Acetyl Bromide—The very powerful 
acceleration produced by the presence of a small quantity of acetic 
anhydride was observed by Shaw (loc. cit.), and a fuller investigation 
of this reaction at 100° has established the following facts (the acetic 
acid used contained 0-1°% of water, and in all cases was present in» 
very great excess) : 

(1) If the anhydride is not in excess of the water present in the 
acid, no catalytic effect is observed. 

(2) When the anhydride is in excess of the water, a short period of 
acceleration (which escaped Shaw’s notice) is followed by a rapid 
reaction: after the initial period, the velocity is proportional to 
the concentration of bromine, and varies directly and almost pro- 
portionately with that of the anhydride (see Tables IV and V). The 
effect of acetic anhydride, as compared with that of halogen acids, 
is seen from the following : 


No HBr = HCl = Ac,O = 
f Catalyst added. catalyst. 0-053M@. 0-063/2. 0-05M. 
Initial titre (V/10-Na,S8,O;) ... 9-48 9°58 10-02 9-25 
Fall of titre in 45 mins. ......... 0-25 1-55 0-78 9-05 


(3) If hydrogen bromide, in excess of the anhydride, is also intro- 
duced, the initial period of acceleration disappears, and the velocity 
is proportional to the concentration of bromine from the commence- 
ment. The actual value of k, is somewhat smaller than in (2), and 
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becomes very considerably smaller when the concentration of hydro- 
gen bromide is high (see Table VI). This may be attributed to 
perbromide formation, which is indicated by the colour of the 
reaction mixture : such combination becomes more extensive as the 
water content of acetic acid diminishes (Jones, J., 1911, 99, 402). A 
slight falling off in the value of k, towards the end of the reaction, 
which was observed in some of the experiments, is probably due to 
the same cause. 

(4) The presence of hydrogen chloride in excess of the anhydride 
does not destroy the catalytic effect of the latter, as stated by 
Shaw (loc. cit.), but exerts a comparatively small retarding influence. 
Here again, after the initial period, the velocity is proportional to 
the concentration of bromine (see Table VII). 

It is suggested that these results are best interpreted as follows : 
when a mixture of acetic acid, bromine, and acetic anhydride is 
heated at 100°, the anhydride not being in excess of the water 
present in the acid, complete and relatively instantaneous hydrolysis 
of the anhydride takes place, and no acceleration is observed. If 
the anhydride be in excess of the water, the first reaction consists 
in an immediate removal of water by hydrolysis of the equivalent 
quantity of anhydride. The remainder then reacts with bromine, 
(CH,°CO),0 + Br, = CH,Br-CO,H + CH,°COBr (Gal, loc. cit.) : 
with the quantities of anhydride employed in the investigation, the 
percentage of the total bromine required for this reaction is small, 

being equivalent to about 0-5 c.c. of N/10-thiosulphate. The 
conclusion is thus reached that the observed acceleration is due to 
the presence of acetyl bromide. If this be the case, the velocity 
will reach its maximum value only when the bromination of the 
anhydride is complete, and thus the period of acceleration is ac- 
counted for. In presence of the more powerful catalyst the influence 
of the hydrogen bromide formed is inappreciable (or perhaps is 
balanced by perbromide formation), and there is no apparent 
autocatalysis: the reaction therefore follows the first order. If 
hydrogen bromide is present initially in excess of the anhydride, it 
Teacts with great speed according to the equation (CH,°CO),O + 
HBr = CH,-CO,H + CH,:COBr (compare Gal, loc. cit., on the re- 
action of hydrogen chloride with acetic anhydride). The acid 
bromide is then present from the commencement at its maximum 
concentration, and there is no period of acceleration. 

In order to obtain direct evidence of the accelerating influence 
of acetyl bromide, the bromination of acetic acid in presence of 
varying small quantities of the acid bromide (introduced as such) 
was studied; the results confirmed the hypothesis outlined above 
(see Tables VIII and IX). When the acetyl bromide is not in 


i 
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excess of the water present in the acid, the reaction follows, as would 
be expected, the same course as when hydrogen bromide alone is 
introduced, while the acid bromide, present in excess of the water, 
is an exceedingly powerful catalyst * (see curve IV). Its effect is 
similar to that of the anhydride at equivalent concentration save 
that (a) the velocity is now proportional to the concentration of 
bromine from the commencement, and (b) the values of k, are some- | 
what lower (perbromide formation), and in agreement with the 
values obtained in presence of acetic anhydride and hydrogen 
bromide in conjunction. Measurements employing varying initial 
quantities of the catalyst showed that the velocity is proportional 
to the concentration of acetyl bromide (see Table X). 

Acetyl bromide exerts a similar influence on the bromination 
of other aliphatic acids. The effect of acetic anhydride on the 
bromination of the homologues of acetic acid was observed by Shaw 
(loc. cit.), and the author has shown that acetic anhydride and 
acetyl bromide accelerate the bromination of propionic and n- 
butyric acids in a manner exactly similar to that described for acetic 
acid. 

Examination of the effect of acetyl chloride has shown that if 
the acid chloride is not in excess of the water present it produces 
the same effect as does hydrogen chloride, while if it is in excess 
of the water the bromination is initially much faster than in presence 
of halogen acids, but less rapid than in presence of acetyl bromide : 
when sufficient hydrogen bromide has been produced to bring about 
complete conversion of the acid chloride to acid bromide 
(CH,-COCl + HBr —~ CH,-COBr + HCl, Staudinger and Anthes, 
loc. cit.) a rapid first-order reaction takes place: the actual value 
of k, is the same as when acetic anhydride is initially present and 
somewhat greater than when acetyl bromide is introduced initially 
(less “‘ fixing ” of bromine as perbromide). Acetyl chloride is thus 
a less powerful catalyst than acetyl bromide. The retarding in- 


* An anomalous result obtained by Ward (J., 1922, 121, 1164) receives a 
simple interpretation in the light of this fact. He found that acetic acid, 
previously saturated with hydrogen bromide, did not react completely with 
a molecular proportion of bromine after heating at 100° for three hours, and 
this observation is in harmony with the results of Lapworth (loc. cit.) and of 
the author. On the other hand, when he introduced acetyl bromide for the 
purpose of dehydrating the acid and at the same time providing halogen 
acid, he carried out the bromination in one hour. The amount of acetyl 
bromide added (3 g. to 50 g. of acetic acid) was equivalent to the water 
content of an acid having 0-878% of water (m. p. rather above 15°). Ward’s 
acid had been purified by freezing, and it is unlikely that it contained such 
a high percentage of water. The indications are that the acetyl bromide 
was in excess of the water, and that its presence was responsible for the rapid 
bromination. 
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fluence of an excess of hydrogen chloride on the bromination in 
presence of acetic anhydride may then be attributed to the formation 
of acid chloride from the anhydride (CH,’CO),0 + HCl = CH,'CO,H 
+CH,°COCI (Gal, loc. cit.) ; complete conversion of acid chloride into 
acid bromide during the reaction is here prevented by the excess of 
hydrogen chloride, and hence the comparatively small value of hj. 

(c) Catalytic Effect of Acid Bromides in General.—Investigation of 
the bromination of acetic and propionic acids in presence of bromo- 
acetyl, propionyl, and benzoyl bromides has revealed the fact that 
the introduction of any one of these acid bromides brings about 
an acceleration identical with that which is produced by acetyl 
bromide at equivalent concentration. The velocity is proportional 
to the concentration of bromine and of acid bromide, and the values 
of k, are the same in each case (see Tables X and XI). 

The introduction of benzoyl chloride into a reaction mixture of 
bromine and acetic acid produces an effect which is similar to 
that of acetyl chloride at equivalent concentration, except that the 
velocity is slightly less (see Table XII). 


Discussion of Resulis. 


1. The peculiar catalytic influence of acid bromides on the bromin- 
ation of aliphatic acids may possibly involve the following steps. 
The acid bromide is first brominated, 


R-CH,-COBr + Br, = R-CHBrCOBr-+ HBr . . . (1) 


The aliphatic acid (present in very great excess) then reacts with 
the brominated acid bromide, 
R:-CHBr-COBr+R:CH,:CO,H=R-CH,-COBr+ R-CHBr:CO,H (2) 
the final product being the brominated acid, and the acyl bromide 
going through the same series of changes again. 

The results of Urech (Ber., 1880, 13, 1688) indicate that the 
bromination of acetyl bromide is a reaction of the second order ; 
in the scheme outlined above, the concentrations of acid bromide and 
brominated acid bromide remain constant during the reaction, while 


that of the acid is very large; for a given initial concentration of 


acid bromide, therefore, the velocity will vary only as the concen- 


tration of bromine, but will be proportional to the initial concen- 
tration of acid bromide. This is in complete agreement with the 


observed facts. 


If the bromide of a different carboxylic acid be present initially, 
an exactly similar acceleration is observed, and a similar mechanism 
is thus indicated. This is interpreted most simply by supposing 
that reactions (1) and (2) above are preceded by 


R’-COBr + R-CH,°CO,H = R-CH,-COBr + R’:CO,H, 


Pl 
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which is exactly similar in character to reaction (2). This idea 
is in harmony with the observation of Polzenius (Chem. Zig., 1896, 
20, 46) that benzoyl chloride and acetic acid when heated together 
yield benzoic acid and acetyl chloride, whilst a similar reaction was 
suggested by Orton (J., 1901, 79, 1351) as providing a possible 
explanation of the formation of acid amides by the reaction of 
benzoyl chloride with carboxylic acids in presence of ammonia. 

The catalytic action of acid bromides cannot be interpreted by 
postulating the intermediate formation of the acid anhydride 
(compare Shaw, loc. cit.) or of a mixed anhydride, for an initial period 
of low velocity is observed when the anhydride is introduced, but 
not when the acid bromide is present initially. 

2. Acid chlorides are less powerful catalysts than acid bromides, 
but their effect may be interpreted in a similar manner by postulating 
the reactions . 


R’-COC] + R:CH,-CO,H = R-CH,-COCI + R’-CO,H, 
R-CH,-COCI + Br, = R-CHBr-COCl + HBr, 
R:CHBr-COCI + RCH,-CO,H = R-CH,-COCl + R-CHBr-CO,H. 


It must be assumed that one or more of these reactions proceed less 
rapidly than the corresponding reactions involving the acid bromide. 
The hydrogen bromide formed in the reaction, however, now reacts 
with the acid chloride (or brominated acid chloride), and the above 


reactions are gradually replaced by those in which the acid bromide 
takes part (compare Staudinger and Anthes, loc. cit.). The velocity 


ultimately attained will depend on the proportion of acid bromide 


or brominated acid bromide present in the equilibrium R-CH,-COCI4+ 


HBr — R:CH,:COBr + HCl or the equilibrium R:CHBr-COCI 


HBr R:CHBr-COBr + HCl, and is not likely to be identical 
for all acid chlorides. This is in harmony with experimental 
results. 


3. The accelerating effect of a small amount of phosphorus (Hell- 
Volhard-Zelinsky reaction) is now interpreted simply. The bromin-— 


ation of acetic acid at 100° in presence of a halogen acid is a slow pro- 
cess requiring at least siz hours for completion (Lapworth, Ward; 
compare the author’s results, Tables I to III), whilst in presence of a 
very small amount of phosphorus the reaction is complete in one hour 
(Ward, J., 1922, 124, 1163). The catalytic effect of phosphorus is 


thus much more powerful than that of halogen acids, but is of the 
same order of magnitude as the effect of acid bromides. Moreover, 


the bromination in presence of phosphorus always results in the 
formation of a small quantity at least of acid bromide or brominated 


‘ 


et re 


acid bromide (Ward), and it seems obvious that the acceleration is 


to be attributed to this small quantity of acid bromide. 


ALIPHATIC ACIDS. CATALYTIC EFFECT OF ACYL HALIDES. 2075 


4. Halogen acids. It may be further suggested that the effect of 
halogen acids is due to traces of the acid halides present in equilibrium 
with the aliphatic acid, R-CO,H + HX — R-COX + H,0.’' The 
very different effects of halogen acids and acyl halides indicate that 
the quantity of acyl halide necessary to produce the observed 
velocity would be too small for detection, and the existence of such 
an equilibrium has never been demonstrated. It is not impossible, 
however, in view of the reversible nature of the hydrolysis of many 
inorganic chlorides, while it is suggested by reactions of the type 
R:CN + R’-CO,H ++ 2HCl = R-CO-NH,,HC] + R’COC] (Colson, 
Compt. rend., 1895, 121, 1155). An interpretation of this type is 
supported by the following facts: (a) the influence of halogen acids 
is specific, and not common to acids in general; (b) Lapworth 
(J., 1904, 85, 41) observed that a small quantity of water (which 
would displace the above equilibrium towards the left-hand side, 
thus reducing the concentration of acyl halide) reduced very con- 
siderably the speed of bromination, and this result has been 
confirmed by the author; (c) when varying amounts of the acid 
bromide (producing the above equilibrium) are added, there is a 
continuous increase in velocity as the amount of acid bromide 
becomes greater, and not a sudden increase at the point where the 
bromide is just in excess of the water (see Table VIII), whilst, on 
the other hand, addition of anhydride causes a sudden increase at 
this point (see Table IV); in the former case, therefore, a gradual 
increase in the amount rather than a sudden change in the nature 
of the catalyst is indicated. 

_ The above suggestion, by postulating a similar mechanism in 
every case, brings into harmony all previous observations of the 
satalysed bromination of aliphatic acids. is 

In ascribing the rapid bromination to an initial interaction of 
bromine with the acyl bromide, no hypothesis is at present put 
forward as to the stages of this reaction, but, it is possible that the 
wyl bromide “enolises ’ or passes into an “active”’ state more 
seadily and rapidly than the acid. In that case, the reaction would 
de the result of a rapid. enolisation followed by a slow reaction with 
Jromine, 


rapi yy Br rapid 

2-CH,-COBr > R-CHIC< pn "> R-CHBr CC Br anu 

| 7 OH 
R-CHBr-COBr -- HBr 


Compare West, J., 1924,425, 1282). In such a suggestion «-bromin- 
tion finds an easy explanation. 


- 
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 ERXPERIMENTAL. 


The acetic acid used throughout the investigation, except where 
otherwise indicated, melted at 16-4° (H,O = 0-1%). All specimens 
of Kahlbaum’s ‘‘ 100% acetic acid ’’ examined were completely frec 
from impurities which react with bromine at the ordinary tempera 
ture : in some cases, this acid melted at 16-4°, and. was used without 
fractionation, while from specimens of lower melting point (16 — 
16-2°) good yields of acid melting at 16-4° were obtained by fractiona. 
distillation through an eight-pear still-head. Post-war acetic acids 
of British manufacture which were not stable to bromine at th: 
ordinary temperature were purified by distillation from chromic 
anhydride (Orton and Bradfield, J., 1924, 125, 960) followed by 
fractionation. The propionic and n-butyric acids were preparec 
by distillation of ‘‘ Kahlbaum”’ acid, the fractions used boiling 
respectively at 140-8—141°/764 mm. and 162-2—162-3°/766 mm 
Solutions of bromine in these acids showed no appreciable fall o 
thiosulphate titre after several days at 25°. The bromine wai 
shaken three times with an equal volume of water, dried under con 
centrated sulphuric acid, and finally separated and distilled from ; 
little barium carbonate in an all-glass apparatus. 

The method employed in the velocity measurements was simila: 
to that of Hell and Urech (loc. cit.) and of Shaw (loc. cit.). 4 
reaction mixture was made up containing the aliphatic acid, bro 
mine, and the catalyst in the desired proportions, the aliphatic aci 
always being in large excess. The thiosulphate titre of 2 c.c. wa 
determined, and portions of 2 c.c. were then introduced into smal 
tubes: the tubes were sealed immediately, and immersed in a bat! 
of boiling water. At given intervals tubes were withdrawn, broke 
under aqueous potassium iodide, and the iodine was titrated agains 
standard thiosulphate. The figures in the tables which follow refe 
to c.c. of N/10-thiosulphate : time is stated throughout in minutes 


Catalytic Effect of Halogen Acids. 


Solutions of hydrogen bromide in the aliphatic acids were pre 
pared by dropping aqueous hydrobromic acid (d 1-7) on to phosphort 
pentoxide, and passing the evolved gas over moist red phosphoru 
then over phosphorus pentoxide, and finally into the aliphatic acic 
The solutions of hydrogen chloride were obtained by droppin 
pure concentrated hydrochloric acid into pure concentrated sulphur: 
acid, and passing the gas liberated over calcium chloride and the 
into the aliphatic acid. The concentrations of the solutions wel 
determined by precipitation as silver bromide or chloride, and th 
required volumes were introduced into different reaction mixture 


ALIPHATIC ACIDS. CATALYTIC EFFECT OF ACYL HALIDES. 2077 


TABLE I. 


Acetic Acid and Bromine. 
(b) CCl,-CO,H as 


(a) No added catalyst. catalyst. 
[CCl,;-CO,H] = 
Pe IT. III. 0-206M. 
Time. Titre. Time. Titre. Time. Titre. Time. Titre. 
0 18-70 0 9-48 0 5-20 0 9-40 
60 18-15 90 8-68 60 4-62 90 8-25 
'120 17-35 180 6-82 120 3°75 180 5-90 
210 14-55 240 4-75 240 1-22 210 4-95 
270 10-00 270 3°48 300 0-48 240 3°60 
330 6-35 300 2-85 270 2-65 
480 0-72 330 2-10 300 1-88 
420 0-45 - 360 0-82 
'(c) Hydrogen bromide as catalyst. 
i, If. Tit. 
Initial [HBr] = Initial [HBr] = Initial [HBr] = 
0-268M. 0-268. 0-053. 
Time. Titre. Time. Titre. Time. Titre. 
0 18-08 0 9-48 0 9-58 
15 16-32 10 8-62 10 9-12 
30 14-42 15 8-18 20 8-95 
45 12-35 30 6-92 40 8:25 
60 10-22 40 6-12 80 6-55 
100 5-72 +769 4:78 140 3°75 
140 3°25 80 3°62 200 1-70 
180 1-72 100 2-80 260 0-65 
230 0-78 120 2-15 
140 1-65 
160 1-20 
(d) Hydrogen chloride as catalyst. 
I. If: di IV. 
[HCl] = 0-317M. [HCl] = 0-317M@. [HCl] = 0-063M. [HCl] = 1-78M. 
gimme. “Titre. Time. Titre. Time, Titre. Time. Titre. 
0 17-18 0 9-92 0 10-02 0 9-52 
10 16-85 15 9-28 15 9-78 20 8-05 
20 16-45 40 8-38 30 9-50 45 6°15 
50 14-45 75 6-58 60 9-05 90 3°48 
80 13-22 100 5-22 120 7:55 120 2:95 . 
110 10-58 120 4-42 210 0-68 
140 8-98 140 3°40 
250 2-55 170 | 2-20 
210 1-28 
250 0-70 


Effect of Acetic Anhydride. 


Acetic Acid and Bromine.—(a) Presence of acetic anhydride alone. 
the acetic anhydride was purified by redistillation through an 
ight-pear still-head, as described by Orton and Jones (J., 1912, 
04, 1720). Mixtures of acetic acid (m. p. 16-4°), bromine, and 
arying small quantities of the anhydride were made up, and the 
VOL. CXXVI. 44 
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TABLE II. 


Propionic Acid and Bromine. 


Values of & are calculated from the formula v = k[Br,][HBr]!. If @ be the 
initial concentration of hydrogen bromide, and 6 the initial concentration 
of bromine, this becomes v = k(b — x)(a + «)*, which on integration 


gives, 
Foe es aot, hg Miah cl a Se net Ve | 
Vb +a ‘Jb ta—Va+e2 ‘Vb +a—Va 
(a) No added catalyst. 
iL: II. 
Time. Titre ies Time. Titre. k 

0 16-70 aa 0 9-85 — 
64 15-78 0-0113 60 9-60 0:0116 
150 14:32 0:0082 90 9-32 0:0105 

210 12-92 0:0077 120 9:05 0:0093 
270 9-70 0:0088 150 8:78 0:0104 
300 7:98 0:0094 240 7-40 0-0092 
360 4-28 0-0112 300 6:52 0:0089 
420 2-62 0-:0116 390 3:95 0:0106 
480 1-12 0:0131 420 3°52 0:0106 
510 1-40 0:0128 
(6) Hydrogen bromide as catalyst. 
I. adag 8 Is 

Initial [HBr] = 0-0442M. Initial [HBr] = 0-4455/. 

Time. Titre. k. Time. Titre. ke 

0 10-22 = 0 11-18 — 
28 9:55 0:0107 15 9-95 0:0107 
80 8:35 0:0087 30 8:65 0:0119 

215 4-55 0-0112 45 7°45 0-:0126 
270 2-68 0-:0132 60 6:42 0:0128 
330 1-20 00143 15 5:28 0:0137 
90 4:38 0-:0140 
105 3°70 0:0140 
125 2:68 0:0150 

III. IV. 

Tnitial [HBr] = 0-8908M. Initial [HBr] = 2-21M. 

0 11-00 — 0 10-75 — 
15 9-65 0:0092 33 8:30 0-0052 
30 . 8°32 0-0096 84 5:35 0-:0056 
45 6:95 0:0105 210 1-75 0:0059 
60 5:80 0-0107 
75 4-98 0:0107 
90 4-00 0-0115 

120 2-80 0-0111 
150 1-75 0:0094 
180 1-25 0-:0114 


course of the bromination was followed as described above. In twi 
experiments the anhydride was insufficient to react with the whol: 
of the water present in the acid, whilst in the remaining three i 
was in excess. The results obtained are indicated in Tables I\ 
and V. 
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TasreE IIT. 
n-Butyric Acid and Bromine. 
(a) No added catalyst. (6) Hydrogen bromide as catalyst. 
I. ha 
Initial [HBr] = Initial [HBr] = 
0-2738M. 0-8215M., 

Time. Titre. Time. Titre. Time. Titre. 
0 9-28 0 10-28 0 9-48 
60 8-12 15 9-75 10 8:98 
180 5:45 30 9-25 20 8-35 
240. 4-30 60 8-25 30 7:85 
300 3°82 120 6-32 60 6-38 
360 2-75 240 3°05 90 5-15 
420 1-65 390 0-92 120 4-02 
150 3°25 
180 2°45 

Tasue IV. 

A. B. C. D. E. F. 


ams Ac,O added in 25c.c. 0 0:0558 0-1104 0-1637 0-2334 0-2732 
4 water remaining after 


hydrolysis of Ac,O ......... 0-TO— 0-062. 0-025 0 0 0 
one. of Ac,O in excess of 

BME cabs av shu nes wawaane sess it 0 0 0 0:007 0:03 0-0514 
nitial titre (V/10-Na,S,O,) 9:48 942 9:45 ° 9:45 945 9-25 
‘all of titre in 20 mins. ...... 0:05 0-15 020 1:50 403 °#£6-97 
all of titre in 45 mins. ...... O25) 0485) 048 5:90 8:15) : 9-05) 

TaBle V. 
Values of k, = rh - loge “—"1 for reactions E and F above. 
t.—t, a—X 
E. F. ¥”, 
[Ac,O] = 0-03M. [Ac,O] = 0-057. [Ac,O] = 0-05@M. 
¢, = 15. i, =5)10. tue 

time. Titre. ky. Time. Titre. ky. Time. Titre. ky. 


0 9-45 0 9-25 0 13-75 
5 9-25 5 9-15 5 13-40 
10 8-62 10 6-98 10 9-92 
15 7:08 15 4-20 0-101 15 5-20 0-129 
20 5°42 0-053 20 2-28 0-112 20 3°05 0-118 
25 3°98 0-057 25 1-42 0-106 25 2-05 0-104 
30 3°32 0-051 30 0-85 0-106 30 1-35 0-100 
35 0-58 
40 
45 


2-28 0-056 35 0-100 40 0-65 0-091 


1:75 0-055 
: 1:30 0-056 
55 1-02 ~—(0-048 


. 
: Mean 0:054 Mean 0-105 * Mean 0-108 
: 4a2 
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(b) Presence of acetic anhydride and hydrogen bromide in conjunction 


TABLE VI. 


[Ac,O] = 0-054. (Compare F and F”’, Table V.) 
Values of k, = 1/t. log, a/a — x. 


I. If. IIT. 
[HBr] = 0-1065M. [HBr] = 0-2683/, [HBr] = 1:3M. 
Time. Titre. k;. Time. Titre. ky. Time. Titre. ky. 
0 13-68 0 13-40 0 13-95 


5 8-98 0-076 15 5-15 0-064 10 12-12 0-014 
7 8-15 0-074 25 2-95 0-060 20 10:10 (0-016 
10 6-25 0-078 35 Lior Ob e 30 8-62 0-016 
15 4-32 0-077 45 1-10 0-056 90 6-05 0-017 


3 1-65 0-071 55 0-70 0-054 90 3°15 0-016 
50 0-58 0-063 
Mean 0-073 Mean 0-058 Mean 0-016 


(c) Presence of acetic anhydride and hydrogen chloride in conjunction 


TasBie VII. 
[Ac,O] = 0:05M. (Compare F and FE’, Table V.) 
7 es t a— 2X, Bh : 
Values of k, = awry log. = iss, t, = 10 mins. 
i fe II. 
[HCl] = 0-317M. [HCl] = 1:57M. 
Time. Titre. ky. Time. Titre. ky. 
0 13-35 0 14-20 
5 12-38 5 12-40 
10 10-48 10 10-55 
15 8-25 0-047 20 6-92 0-042 
20 6-25 0-051 30 4-48 0-043 
30 3°80 0-051 45 2-10 0-046 
Mean 0-050 Mean 0-044 


Effect of Acetyl Bromide. 


The acetyl bromide was purified from dissolved halogen acid bj 
bubbling dried air through the liquid under reduced pressure, ane 
then fractionally distilled. Reaction mixtures of acetic acid, bro 
mine, and varying small quantities of the acid bromide were mad 


up and treated as before. The’results are indicated in Tables VIL 
and IX. | 


Tasue VIII. 
A. B. C. Da 
Grams AcBr added in 25 c.c.  .........00. 0:0892 0-1518 0:2157 0:3212 
% water remaining after hydrolysis of 
PORT ios 0's sah inet te wedges 4 aalnaied RRS eitale 0-050 0-014 0 0 
Cone. of AcBr in excess of water ...... 0 0 trace 0-047 
[HBr] formed by hydrolysis of AcBr ... 0-029M 0-049 0-058M 0-058M@ 
Initial titre (NV /10-Na,S,05) ............000. 9-35 9-32 9-38 9-55 
Fall of) titre in 20 tins: 1.0, ncsesk as = spas 0:35 0-82 2:25 6-90 — 
Pall of titre in 30) ming... 0ccivst. ese cosas 0-70 1-42 3°20 8-00 


J 
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é TABLE lie S 


Values of k, = I1/t . log. a/a — x for reaction D above. 
[AcBr] = 0-:047M. 


0 5 8 10 15 20 30 
9-55 6-95 5°65 4-92 3-60 2-65 1:55 Mean 
0-064 0-064 0-066 0:065 0-063 0-061 0-064 


Comparison of Effects of Different Acid Bromides. 


Pure acetyl bromide was obtained as already described. Propi- 
mnyl, benzoyl, and bromoacetyl bromides were prepared by treatment 
of propionic, benzoic, and acetic acids respectively with the required 
juantities of red phosphorus and bromine. The product was dis- 
illed from the phosphorus compounds under reduced pressure, 
ind finally fractionated at ordinary pressure (compare Claisen, Ber., 
1881, 14, 2473; Auwers and Bernhardt, Ber., 1891, 24, 2219). 
Reaction mixtures containing acetic or propionic acid (in large 
xcess), bromine, and equivalent quantities of the different acid 
romides were made up, and the reaction at 100° followed as before. 


TABLE X. 


Acetic Acid and Bromine. 


M. p. of acetic acid 16-48° (% H,O = 0-06). 
Values of k, = 1/t . log, a/a — x. 


= CH,-COBr = CH,°-CH,-COBr = C,H;-COBr = CH,Br-COBr = 
0-0745M. 0-0745M. 0:0745M/. 0:0727M. 
lime. Titre. k,. Time. Titre. k,. Time. Titre. k,. Time. Titre. ky 
0 9-10 0 8-98 0 9-38 0 9-25 
3 6-92 0-092 3 6°88 0-089 7-00 0-098 3 7-18 0-085 
6 4:95 0-101 6 4-75 0-105 6 4-78. O-112> 6 5:25 0-094 
9 3°68 0-100 9 3°40 0-107 9 3°52 0-109 9 3:82 0-098 
12: 2-88 0-096 12 2°58 0-104 12 2-68 0-104 12 2:95 0-095 
15 2:15 0-096 15 1:92 0-102 15 2:15 0-098 15 2°35 0-091 
20 1-38 0-094 20 1:22 0-100 20 1:35 0:097- 20 1-62 0-087 
25 0-95 0-089 25 0-75 0-099 25 0:92 0-092 
Mean 0-096 Mean 0-101 Mean 0-101 Mean 0-092 
CH,-COBr = Tate Ee oCO Br, = C,H,;-COBr = 
0-0527M. , 0:0527M. 0:0527M. 
Time. Titre. 1 ae Time. Titre. Ii. Time. Titre. ies. 
0 9-35 8) 8-05 0 9-18 
5 6-68 0-067 5 5°52 0-075 5 6:32 0-074 
: 10 4-58 0-072 10 3°62 0-080 10 4-78 0:065 
15 3°15 0-073 15 2-42 0-080 15 2-85 0-077 
20 2°35 0-069 20 1:65 0-078 20 2-00 0-076 
25 1:75 0-067 25 1-18 0:077 25 1-52 0-072 
30 1-25 0-067 30 0-80 0-076 30 1-12 0-070 
35 0-95 0-065 35 0:55 0-076 35 0:80 0-069 


Mean 0-069 Mean 0-077 Mean 0-072 
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SuMMARY OF TABLE X. 


Catalyst. Cs ky. k,/C. C. ky. k,/C. 
CH,-COBr 0-0745 0-096 1-29. 0-0527 0-069 1-31 
CH,CH,:COBr 0-0745 0-101 1-35 0-0527 0-077 1-46 
C,H,;-COBr 0-0745 0-101 1-35 0:0527 0-072 1:37 
CH,Br-COBr 0:0727 0-092 1-27 

TaBLE XI. 


Propionic Acid and Bromine. 
Values of k, = 1/t.log,a/a — a. 
Equivalent quantities of acid bromides present. 


CH,-COBr. CH,:CH,:COBr. C,H;-COBr. 
Time. Titre. rs Time. Titre. iy. Time. Titre. ky. 
0 9-30 0 8-62 0 8°65 
5 7:95 0-032 10 6°52 0-028 5 122 0:036 


10 7°20 0-026 15 5°75 0-027 10 6°38 0-031 
15 6-20 0-027 20 4-82 0-029 15 5-15 0-034 


25 4-72 0-027 25 4-32 0:028 20 4:65 0-031 
45 2-18 0-032 30 3°72 0:028 30 3°40 0:031 
35 2-72 0-032 

Mean 0-029 Mean 0-029 Mean 0-033 


Comparison of Effects of Acetyl and Benzoyl Chlorides. 


The acid chlorides were purified by fractional distillation, and 
the reaction of acetic acid and bromine in presence of equivalent 
quantities of each was followed as before. M. p. of acetic acid 
16-4° (H,O0 = 0-1%). 


TaBLe XII. 
abi a— 2, he ; 
Values of k, = iy. - log. — ae t, = 6 mins. 
CH,-COCI] = 0:05@M. C,H,;:COCI] = 0:05. 
Time. Titre. ky. Time. Titre. ky. 
0 9-38 0 9-68 
3 8-62 3 9-35 
6 6-98 6 8-08 
9 5-05 0-108 9 6-18 0-088 
12 3°58 0-111 12 4:82 0-086 
15 2:58 0-111 15 3°50 0-092 
20 1-50 0-110 20 2:08 0-096 
25 0:98 0-105 25 1:38 * 0-092 
3 0-62 0-101 30 0-92 0-090 
Mean 0-108 Mean 0-090 


In conclusion, the author wishes to express his gratitude to Pro- 
fessor Orton, F.R.S., who suggested the subject, for his advice and 
criticism during the progress of the research. The expense of the 
research was in part defrayed by a grant from the Chemical Society 
Research Fund, for which the author desires to tender his thanks. 


UNIVERSITY COLLEGE OF NorTH WALES, 
BANncor. [Recewved, June 18th, 1925]. 
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CCLXXXITI.—Homologues of 2:2'-Diquinolyl. 
By Epwarp JoHN VENN ConoLLy. 


2: 2’-DIQUINOLYL was prepared by Weidel (Monatsh., 1881, 2, 
491; 1886, 7, 327) by the action of sodium on quinoline, and its 
constitution proved by Weidel and Strache (ibid., 1886, 7, 306) 
from a study of its oxidation products. The preparation of homo- 
logues from 6-, 7-, and 8-methylquinolines is described below. 
During this work several instances of steric hindrance were observed. 
Thus, under the conditions stated below, good yields of the corre- 
sponding diquinolyls (I) and (II) were obtained from 6- and 7-methy]- 
quinolines, but the yield from 8-methylquinoline was very small; 
the substitution of potassium for sodium did not materially alter 
the results. The proximity of the methyl group to the nitrogen 
atom in the pyridine ring therefore seems to hinder the union of 
the two quinolyl nuclei. Also an ethiodide of 8: 8’-dimethy]l- 
2 : 2'-diquinolyl (III) could not be obtained even at 180°, possibly 
because the tertiary nitrogen atoms are practically ‘“ di-ortho- 
substituted.” 
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While attempting to prove the constitution of the diquinolyls 
by a Fittig-Wurtz synthesis, the method of Tschitschibabin (Ber., 
1923, 56, 1879) was used for the preparation of 6-methylcarbostyril. 


EXPERIMENTAL. 

6 : 6’-Dimethyl-2 : 2’-diquinolyl (I).—6-Methylquinoline (70 g.) 
and sodium (7 g.) in small pieces were heated together at about 
100° during 2 hours and then at 150—160° during 7 to 8 hours. 
The dark brown, extremely viscous product, which solidified when 
sooled, was triturated with dry ether; sodium was removed by 
means of a fine sieve, and the ethereal solution filtered. The light 
brown residue of crude dimethyldiquinolyl (yield 37 g.) was ex- 
tracted once with alcohol (100 c.c.), which removed most of the 
Jark coloured impurities, and the light yellow residue was then 
repeatedly crystallised from benzene, until constant in melting 


point. 
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The ethereal filtrate obtained above was evaporated and the 
oily product distilled up to 160°/20 mm.; the dark red residue, 


which gradually solidified, when recrystallised from benzene gave 


a further small yield of the dimethyldiquinolyl. 
6 : 6’-Dimethyl-2 : 2'-diquinolyl crystallises from benzene in small, 
colourless needles, m. p. 202-5—203° (Found: C, 84:6; H, 5-8; 


M, in camphor by Rast’s method, 279. C,)H,,N, requires C, 84:5; 


H, 56%; M, 284). It is moderately soluble in acetone, alcohol, 


or light petroleum and very soluble in chloroform. It is readily 


soluble in hot benzene or toluene, less soluble in the cold. 


The hydrochloride crystallises from hot water in very minute 
needles. The picrate, obtained from the base and picric acid in 
alcoholic solution, is practically insoluble in acetone, benzene, or 


chloroform, but fairly soluble in glacial acetic acid, from which it 
crystallises in small, yellow needles, m. p. 282—283° (decomp.). 
The ethiodide, C,,»H,,N.,C,H;I, prepared by heating the base with 
excess of ethy] iodide in a sealed tube at 150° for 14 hours, crystal- 
lised from much alcohol in sparkling needles, m. p. 277—278° 


(decomp.; darkening at 275°) (Found: I, 28-2. C,)H,,.N,,C,HF 


requires I, 28-9°%). , 

7: 7'-Dimethyl-2 : 2’-diquinolyl (I1)—7-Methylquinoline (38 g.) 
and sodium (4 g.) were heated together, and the product was 
treated with ether, as described above. The brown residue was 
recrystallised several times from aqueous acetone to remove tarry 
impurities and finally from carbon tetrachloride. 7 : 7'-Dimethyl- 


2: 2'-diquinolyl was thus obtained in tufts of colourless needles, 


m. p. 208—209° (Found: C, 84:0; H, 5-8%). It is soluble in 


alcohol, acetone, chloroform, ethyl acetate, or carbon tetrachloride, — 


but crystallises best from the last-named. 


The picrate crystallises from alcohol in slender, yellow needles, - 
m. p. 285—286° (decomp.; darkening at 284°). The ethiodide, 


obtained by heating the base with ethyl iodide at 130° in a sealed 


tube for 1 hour, crystallises from alcohol in clusters of golden- 


yellow needles, m. p. 274—275° (decomp.). 


8 : 8’-Dimethyl-2 : 2’-diquinolyl (III).—8-Methylquinoline (50 g.) 
and sodium (4 g.) were heated together under the conditions pre-— 
viously described, but little, if any, diquinolyl was formed; the 
heating was therefore continued at 150—160° during a further 


24 hours. The very viscous, dark brown mass was treated as in 


the previous cases, the ether evaporated, and the oily product 


distilled up to 160°/20 mm. The residue, which set to a hard, 


resinous mass when cold, was dissolved in acetone, and water added 


until a turbidity ensued; in the course of 3 or 4 days, crystals 
embedded in resinous matter separated. These were freed from resin — 


i 
ef 
“AR 


5, 


| 
| 
| 
| 
| 


n CONOLLY : HOMOLOGUES OF 2: 2’-DIQUINOLYL. 2085 


by washing them with acetone, crystallised again from acetone, and 
fractionally crystallised from carbon tetrachloride (yield very poor). 

8 : 8’-Dimethyl-2 : 2’-diquinolyl forms tufts of colourless needles, 
m. p. 147—147-5° (Found: C, 84:0; H, 56%; M, in camphor, 
290). It is soluble in benzene, chloroform, alcohol, or ethyl acetate, 
and crystallises readily from ethyl bromide or ethyl iodide. 

The picrate, precipitated on mixing alcoholic solutions of the 

base and picric acid, crystallises from ethyl acetate in yellow 
needles, m. p. 264—265° after darkening at 258°. 
_ 2-Hydroxy-6-methylquinoline—When an intimate mixture of 
finely powdered, freshly fused potassium hydroxide (40 g.) and 
6-methylquinoline (44 g.) was heated at 250°, hydrogen was evolved 
in the theoretical quantity. The cooled reaction mixture was 
dissolved in water, the solution filtered if necessary, and the crude 
methylcarbostyril precipitated by the addition of dilute hydro- 
chloric acid. Recrystallised from hot water, it formed long, yellow 
needles, m. p. 225—230°, and therefore was still impure. On 
heating at 12 mm., it began to sublime at 50° and passed over at 
240—241°; the colourless distillate crystallised from alcohol in 
monoclinic prisms, m. p. 232—233° (Einhorn and Lauch, Annalen, 
1888, 243, 359, give m. p. 228°) (Found: C, 75:6; H, 5-7. Calc., 
C, 75:5; H, 5-7%). 

2-Bromo-6-methylquinoline —6-Methylcarbostyril (14 g.) and phos- 
phorus tribromide (30 c.c.) were heated together on the water- 
bath during 3 hours and the solution was then gently boiled during 
aturther+hour. The liquid was poured into water and the 2-bromo- 
6-methylquinoline distilled in steam; it separated from the dis- 
tillate in long, colourless needles (yield 5-3 g.) and from alcohol in 
long, faintly yellow needles, m. p. 117—118° (Fischer and Guthmann, 
J. pr. Chem., 1916, 93, 378, give m. p. 126°) (Found: Br, 36-2. 
Calc., Br, 36-0%). 

The picrate, obtained from boiling alcoholic solution, crystallised 
from alcohol in glistening, golden needles, m. p. 140-5°. The 
ethiodide, Ci)H,NBr,C,H,I, prepared by heating the base with 
excess of ethyl iodide in a sealed tube at 130° during 1 hour, crystal- 
lised from ethyl acetate in yellow prisms, m. p. 110—111°. 

Attempts to synthesise 6: 6’-dimethyl-2 : 2’-diquinolyl from 
2-bromo-6-methylquinoline by the Fittig-Wurtz reaction and by 
the use of Grignard reagents were unsuccessful. 


The author is indebted to Professor F. S. Kipping, F.R.S., for his 
interest in this work, and to the Department of Scientific and 
Industrial Research for a maintenance grant. 


University CoLtteGe, Norrincuam. [Received, June 24th, 1925.] 
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CCLXXXIV.—The Thermal Decomposition of Ozone. 
By Rosert OWEN GRIFFITH and ANDREW McKzown. 


In an investigation of the reaction between ozone and hydrogen 
at 100°, the results of which will shortly be published, it was neces- 
sary to compare the intrinsic rate of the reaction 20, —> 30,, which 
occurs simultaneously with the reaction H, + O, —> H,O + O,, 
with the velocity of deozonisation in the absence of hydrogen. 
Several determinations of the rate of thermal decomposition of 
ozone have already been published, the most important being 
those of Warburg (Ann. Physik, 1902, 9, 1286), Clement (cbid., 
1904, 14, 342), Jahn (Z. anorg. Chem., 1906, 48, 260), Perman 
and Greaves (Proc. Roy. Soc., 1908, A, 80, 353), Chapman and 
Clarke (J., 1908, 93, 1638), and Chapman and Jones (J., 1910, 
97, 2463). There is general agreement between these authors 
that the decomposition of ozone, allowed to proceed in clean glass 
vessels at temperatures up to 150°, is apparently of the second 
order, a much better bimolecular than unimolecular constant 
being obtained, and there is also agreement as regards the order 
of magnitude of the bimolecular velocity coefficient at a common 
temperature, e.g., 100°. There is conflict of opinion, however, 
regarding (a) the nature of the reaction, whether it is essentially 
homogeneous or heterogeneous, (b) the effect of pressure on the 
reaction velocity, and (c) the effect of addition of inert gases such © 
as nitrogen. Chapman and Clarke believe that the reaction is 
practically a homogeneous one, while Perman and Greaves con- 
sider that their results indicate the surface of the containing vessel 
to be the main seat of the change. The present work was not 
undertaken for the purpose of deciding this point experimentally; 
our attention has been mainly confined to the effect of addition 
of other gases and variation of the partial pressure of oxygen on 
the velocity. 

Jahn (loc. cit.) found that the velocity of deozonisation in mixtures - 
of ozone and oxygen is inversely proportional to the partial pressure 
of the latter gas, while Perman and Greaves also found an increased 
velocity on diminishing the pressure of oxygen, although the effect 
was less than that obtained by Jahn. On the other hand, Chapman 
and Jones state that variation in the partial pressure of oxygen in | 
ozonised oxygen is unattended by appreciable change in the. 
velocity of deozonisation. The latter investigators were also unable — 
to detect any effect due to admixture with nitrogen, although this — 
was found by Jahn and by Perman and Greaves to increase the | 
rate of decomposition of ozone. 
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In view of these discrepancies and also as the results would be 
of interest for comparison with corresponding velocity data for 
this reaction in the presence of hydrogen, experiments on the rate 
of deozonisation at 100° in ozonised oxygen at various pressures 
and in mixtures of ozonised oxygen with helium, with argon, with 
nitrogen, and with carbon dioxide have been carried out. 


EXPERIMENTAL. 


The velocity of deozonisation was measured by the static method, 
the difference in pressure between the reaction tube and a com- 
pensator tube, containing air and maintained at the same tem- 
perature, being registered by a manometer containing concentrated 
sulphuric acid. 

The apparatus and experimental methods employed were those 
of Griffith and Shutt and of Griffith and MacWillie (J., 1923, 123, 
2752, 2767) suitably modified; the materials used in this work are 
also described in the same papers. 

All the experiments were carried out at approximately 100°. 

The reaction was followed for 2 to 3 hours, after which the reac- 
tion and compensator tubes were quickly cooled to room tem- 
perature * and the residual ozone was determined analytically. 
From the amount of ozone thus found, one could calculate the 
pressure increase which has to be added to the last pressure differ- 
ence obtained at 100° to give the value of p,,, the pressure reading 
which would have been observed had the reaction gone to completion. 
_ If 6,;=room temperature,* 6, —= temperature of the steam, 
= pressure increase required (expressed in mm. H,SO,), v = com- 
mon volume of reaction and compensator tubes in c.c., z = number 
of gram-molecules of residual ozone in reaction tube, 7, = total 
pressure at the temperature 6, in the reaction tube expressed in 
mm. H,SO,, and y = volume of the manometer tubing in c.c. per 
mm., then it may be shown that 


p =z X 380 x 13-59 x 22412 x (273 + 6,) x R/(1-84 x 273 x v Xa). 


Here « = (1 + yz»,)/v (compare Griffith and Shutt, loc. cit., p. 2756) 
nd # is a factor the value of which would have been equal to the 
ratio of the absolute temperatures 273 + 6, and 273 + 6,, had 
there been no “dead” space at the higher temperature 6,, and 
had there been no alteration in the effective volumes of the reac- 
tion and compensator tubes owing to the motion of the mano- 
metric liquid. The value of R was determined experimentally ; 


* In reality, the temperature of the town water supply. The value of 
9, for each experiment is not given in the tables. The mean value for the 
*xperiments given in Tables III and IV was 8°. 
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it depends on the ratio of “dead” space to volume of reaction 
tube and also on the total pressure; the values found are given in 
the tables. 

Values of the Wee ee lee ioe coefficients (k,p.,) were calcul- 


ated from 
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p, and p, being the observed manometric differences at the tem- 
perature 6, at times ¢, and #,, respectively (time in minutes). 

The coefficients were calculated in all cases between successive 
time readings, this method being the one best suited to show the 
magnitude of any “ trend ” in the constants. 

From the values of k,,.,, the absolute values (k,) of the coefficients 
in the units litres/moles-minutes were calculated from the equation 


ha = Kame, X = X (273 + 64) X 380 x >" x 0-08207. 
Four reaction tubes were employed.* 

Tube A: of German glass, 42 cm. long and approximately 2 cm. 
in diameter; volume = 126-5 c.c.; containing 2-0 c.c. of con- 
centrated sulphuric acid spread along its entire length. , 

Tube B: of German glass, 41 cm. long, 2 cm. in diameter; 
volume = 125-0 c.c.; containing 3-0 c.c. of concentrated sulphuric 
acid spread along its entire length. | 

Tube C: of glass of unknown origin, 31 cm. long, approximately 
2-6 cm. in diameter; volume = 153°8 c.c. 

Tube D: of English glass, length = 39 cm., diameter = 2: ] 
cm.; volume = 156-6 c.c. 

Most of the experiments were carried out with tube D. Only 
a few experiments could be carried out with tube A before it cracked, 
while tube C, though apparently its inner surface was as carefully 
cleaned as that of the others, gave far higher velocity coefficients 
and probably contained a trace of some catalytic material. The 
results of the three experiments performed with this tube | 
included in the table of results for comparison. 

The velocity of deozonisation was determined at 100° with 
ozonised oxygen under pressures of approximately 330, 540, 76 
and 1000 mm. of mercury. Experiments were also carried out | 
at the same temperature, employing mixtures in various propor 
tions of ozonised oxygen with helium, with argon, with nitroa 


* A few preliminary experiments were carried out in a fifth tube. The 
results (not here presented) agreed well with those obtained with Tubes A, 
B, and D. 
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‘and with carbon dioxide. The total pressure in these cases was 
either 760 or 1000 mm. 

_ The reaction does not follow a strictly bimolecular course, there 
being a tendency for the second-order coefficients to increase with 
time, t.e., with diminishing concentration of ozone. This increase, 
however, is small in ozonised oxygen mixtures under the highest 
pressures employed, but becomes rather more marked when the 
total pressure is reduced. In the presence of excess of any one 
of the four diluent gases investigated and when the total pressure 
was 1000 mm. of mercury, no sensible rise in the coefficient with 
time was observed. 

Tables I, II, III, and IV summarise the results. Tables I and II 
relate to preliminary experiments carried out employing tubes 
A, B, and ©, Tables III and IV to the final series, all the 
experiments in which were obtained with the same reaction tube D. 
In these tables, P,, = total initial pressure of reaction mixture in 
mm. of mercury at the temperature 6,; pi? = sum of initial 
partial pressures of oxygen and ozone, which may be taken as the 
mean partial pressure of oxygen during the experiment; and 
p;, = partial pressure of the added gas. The values given under 
k,,,. are the highest and lowest values obtained for this bimolecular 
coefficient; kj,, is the weighted mean value of h,,., k™ is the 
absolute value corresponding to k”,,, and k” (corr.) is this absolute 
value corrected to a uniform temperature of 100°, using the figure 
2-5 obtained by Warburg (loc. cit.) for the temperature coefficient 
of the reaction. The assumption here made, that this temperature 
coefficient is independent of the total pressure and composition of 
the gas mixture, can lead to no serious error, since in no case 
does the temperature of observation deviate from 100° by more 
than 1-2°. 


* 


| TaBie I. 
| Ozone-Oxygen Mixtures. 
| No. of Robs. , Ra 
expt. Tube. 4,. Pes a. R. Reais XK il ren uh Ose. aye Cees ye 
i 5 A 99-5 752 1-123 1-210 1-10—1:37 1:20 857 8:98 
i 6 A 99-4 743 4-121 e 1-15—1-45 1-28 9-14 9-67 
7 A 99-7 760 © .i9123 Ge 1-12—1-45 1:27 9:06 9-33 
8 BA OP TLR 764 1123 aA 1-15—1-45 1:34 960 9-47 
9 A 99-9 TLE Cee: ae 9s 1-15—1:60 1:28 9-13 9-22 
| *10 B 99-9 762 1:124 1-214 1-:29—164 138 9-67 9-76 
ll B 99-8 758 1-124 ‘ 1-20—1:56 1:34 9:39 9-57 
13 B 100-2 768 1-125 3 1-29—1-56 1-41 10-0 9-82 
16 B 99°15 743 1-121 a 1-18—1-47 1:29 9-12 9-88 
20 B 100-0 .1003 1-162 1-196 1-03—1-45 1-16 7:77 7:77 
Pa C 100-2 766 1:100 1:246 2-53—5:40 — —— —_ 
eo C 100-1 763 1-100 ae 2-18—3:86 — -— — 
“23 C 100-2 775 = 1-101 e 1-84—2:62 — ~- —_— 
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TABLE II. 


Mixtures of Ozonised Oxygen with Helium, Argon, 


No. 

of 
expt. Tube. Addition, 6,. Pg, Dee PG," a. R. — kobs. x 104. 
14 B Argon 100-15 768 461 307 1-125 1-214 2-10—2-70 
£o Bie 99-4 746 435 311 1121 ,, 1:75—2:30 
15 B Nitrogen 99:6 749 414 385 1:121 4,  2-06—2-68 
18 B Helium 99-8 755 440 315 1123 ,, 1:91—2-48 
19 B 4 100-2 767 447 320 1-124 ,4,' 2:02—2:81 

TaBLeE III. 
Ozone-Oxygen Mixtures. ‘Tube D. 
No. of Keene 
expt. 6,. eas a. R. Keaxe 104 Oe 
41 99-7 335 1-044 1-288 1-84—2-61 1-90 
47 99:8 335 6©=.1:044 55 2-10—2-58 2-15 
33 100-3 529 1-069 1-269 1-63—2-:10 1-70 
46 99-4 540 1-071 B). 1-46—2:03 1-51 
34 100-0 559 ~=1-073 1-68—2-12 1-75 
24 100-1 766 1-101 1:243 1-34—1-47 1-40 
20 100-0 755 1-100 oe 1-30—1-62 1-37 
26 99-9 759 1-100 “e 1:-40—1:63 1:44 
rs 99-8 752 1-099 rf 1:-42—1-:75 1-50 
36 99-9 753 1-099 te 1-35—1:80 1-40 
31 100:0. 1015. 1:133 .1:22 1-15—1:38 1-20 
oe 100-2 1021 = #«21:133 a 1-22—1:37 1:23 
TABLE IV. 


and Nitrogen. 


Au 4” 
obs. a 
108 Hee.” (COnRe 
2:25 15:9 165-7 
1:99 142 15:0 
2:33 165 17-1 
2:20 15:6 15-8 
2:42 17-0 16-7 
Kees (corr.) 
15:1 15-6 
17-1 17-4 
13-0 12-6 
11-5 12-2 
13-4 13-4 
10-2 10:1 
10-0 10-0 
10-5 10-6 
10-9 ig ES | 
10-2 10:3 
8:33 8-33 
8-52 8-37 


Mixtures of Ozonised Oxygen with Helium, Argon, Nitrogen, 
and Carbon Dioxide. Tube D. 


No. of 
expt. 


30 


Addition. 


Nitrogen 
Helium 
Argon 
CO; 
Nitrogen 
Helium 


Helium 
Nitrogen 
CO, 


Nitrogen 


09: 
99 
99 


100°3 


519 


247 


a. Tags kobs. X 104. 
1:183 1:220 3-32—3-68 
1-128 Hh 2:56—3°35 
1-128 i 2:72—3-15 
1:133 2°87—3-18 
1:132 E 3°40—4-46 
1:180 ie 3:48—4:00 . 
1°133 Ms 3°90—4:40 
1:1383 wi 3°29—3:76 
1:1338 1-220 1:57—1-91 
1:134 te 1:51—2:-27 
1:100 1-243 2-17—2:-45 
1°100 is 2-01—2:63 
1-100 eS 2:22—2-53 


1:101 1:243 2:10—2-62 


The velocity of deozonisation in ozonised oxygen 
tube C (Table I, experiments 21—23) is much higher than that 
found employing any of the other tubes with the reaction mixture | 


2:20 


a? 


16:0 


7m. 28 
Ka 


(corr.). 


15:5 


obtained with 


4 


a 


{ 


j 
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at the same total pressure of 760 mm.; also the relative increase 
in the coefficient as the reaction proceeds is greater. Experiments 
21—23 were carried out in the order given and it is of interest to 
note that the catalytic material of unknown nature present on 
the surface of the tube was gradually being rendered less active, 
as evidenced by the progressive fall in the velocity coefficients ; 
possibly, had work with this tube been continued, the constant 
Ky, would eventually have fallen to the value obtaining in the 
other tubes. In connexion with this change of catalytic activity 
of the surface of the reaction vessel, a somewhat analogous effect 
was observed with tube D. After the experiments given in Tables 
III and IV had been completed, a fresh series carried out in the 
same tube (D) gave uniformly smaller coefficients than those 
recorded in Tables III and 1V. Table V summarises a few of these 
experiments. The constants are now of the order of 10°% less than 
those previously obtained under analogous conditions. 


TABLE V. 
Tube D. 


f 
expt. Addition. 6, Pa,. D6. Beicttt Rov’: Koba; 104s x 10+.) ee.) (corr.), 


t 
54 — 98°85 758 758 — 1:100 1:243 1:08—1:28 112 8-11 9:04 
55 — 100-5 1029 1029 — 1-134 1-220 1:11—1:21 1:16 8:03 7:66 
56 — 100-3. 335 «335 — 1:104 1:288 1:78—2°52 1:98 15-7 15°2 
50 Argon 99°35 993 745 248 1:130 1:220 1:52—1:80 1:54 10-7 11°4 
51 Nitrogen 99-0 984 738 246 1:129 _ ,, 1:24—1-53 1°32 9:16 10:1 
52 Helium 99°0 976 7384 245 1:129_ ,, 1:21—1-57 . 1°27 $85 9°75 
58 Argon 99°8 1006 405 601 1:132 1:220 2:96—3:90 3:11 21°6 22°0 
57 Helium 100:0 1015 409 606 1:133 ,, 2°24—2°89 2:44 17:0 17:0 


The coefficients obtained with tubes A and B containing sul- 
phuric acid (Tables I and II) are only slightly lower than those 
obtained under identical conditions of pressure and composition 
of gas mixture in tube D, which contained no sulphuric acid (‘Tables 
Iil and IV). Since the catalytic effect of the glass surfaces of 
tubes A and B might have differed from that of D, a few experi- 
ments were carried out with tube D to test the effect of addition 
of sulphuric acid. The velocity coefficient was first determined 
for ozonised oxygen at a pressure of 755 mm., 3-9 c.c. of concen- 
trated sulphuric acid were introduced into the tube so that it 
spread over its whole length (approximately one-eighth of the 
inner surface was covered by the acid), and the velocity coefficient 
was redetermined with the following results :— 


Expts. 59 and 62: No H,SO, present; £/ (corr.) = a7 }o' 2. 


Expts. 63 and 64: In presence of H,SO,; 47 (corr.) = 9.15 19°38. 
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A slight diminution in the value of the velocity coefficient is there- 


fore caused when part of the glass surface is replaced by one of 


sulphuric acid. 
Discussion of Results. 


Tables III and IV contain the main results of this FOE and 
summarise a number of determinations of the velocity of deozonis- 


ation at 100° under various conditions. These data were obtained — 


with the same reaction tube D, and with (it is believed) its surface © 


in a constant condition as regards boas catalytic action. 

The tables show that :— 

(a) The velocity of deozonisation in mixtures containing only 
ozone and oxygen is a function of the oxygen pressure, as already 
found by Jahn and by Perman and Greaves, but later contradicted 
by Chapman and Jones. We find that the velocity coefficient 
increases with decreasing total pressure, but the two quantities 
are not inversely proportional as stated by Jahn, rather their 


product diminishes as the pressure decreases. Actually it is found 


that the variation of k” with pressure in tube D is very closely 

reproduced by the empirical relation k? = 11,500/(360 + P,,). 
The absolute values of the bimolecular velocity coefficient found 

by us are in fair agreement with those obtained by Warburg and 


by Perman and Greaves at the same temperature and under cor- 


responding conditions of pressure. Thus, for ozonised oxygen at 


100° and a pressure of 1000 mm. of mercury, we find k? = 7-77 


for tube B and 8-35 for tube D, while Warburg gives a mean value, 


kn = 7:54. At 100° and 758 mm. pressure, our value of k7 (tube D) 


= 10-3 agrees fairly closely with that calculated from the results 
given by Perman and Greaves (Globe IT), wiz., 9-72. 


(6) The addition of any one of the gases nitrogen, argon, helium, ~ 


’ 


and carbon dioxide causes an increase in the velocity of deozonis-— 


ation, if the reaction velocity in the presence of one of these gases 


is compared with that found in ozonised oxygen alone with the 
same partial. pressure of oxygen. In virtue of (a), this increase is 


still more pronounced if the coefficient found in the presence of 


one of these gases is compared with that observed in ozonised 
oxygen under the same iofal pressure. This increase in velocity — 
is very marked when the partial pressure of the added gas is large. 


Thus the velocity coefficient k” for ozonised oxygen at a pressure 
of 335 mm. is about 16-5 (mean of the results of experiments 41 
and 47), whilst, in a mixture containing oxygen at the same partial 


pressure, but with a partial pressure of argon of 660 mm., the 
constant is now 28-5 (experiments 42, 43, and 48). 
The increased velocity of deozonisation caused by addition of 


nitrogen is in qualitative agreement with the results of Jahn at 


sh 
i 
| 
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the higher temperature 127°, and of Perman and Greaves at 100°. 
Quantitatively, however, the relative increase in the coefficient 
ovserved by the latter investigators is somewhat greater than that 


obtained in the present work with the same gas mixture. On the 


other hand, Chapman and Jones could not detect any increase in 
the rate of reaction resulting from displacement of part of the 
oxygen in ozonised oxygen by nitrogen. 

_ (c) The positive catalytic effects of the four gases investigated 
are in the order argon greatest, followed by nitrogen and carbon 
dioxide with approximately equal effects, and helium least. This 
order bears no relation to the catalytic effects found for these gases 
by Griffith and MacWillie on the rate of photochemical decomposition 
of ozone by visible light. 

A necessary preliminary to any attempt at an explanation of the 
results presented in this paper appears to involve an answer to 
the question as to whether the decomposition of ozone under the 
conditions here investigated occurs mainly in the homogeneous 
gaseous phase or at the glass surface of the containing vessel. 
We are unable from the results of the present work or from the 
results of previous workers to arrive at a definite conclusion on 
this point. All that may safely be inferred is that some part at 
least of the measured rate is due to a heterogeneous change. This 
is shown by the slight variation in the velocity coefficient from 
tube to tube and by the retarding effect produced by covering a 
portion of the glass surface by sulphuric acid. We believe that 
our results may best be interpreted in the following way. The 
main reaction is a homogeneous change and is accompanied by a 
heterogeneous reaction whose velocity involves a lower power of 
the ozone concentration. This would explain the increase in the 
value of the bimolecular coefficient in each experiment with time, 
and in particular the relatively greater increase of this function 
with time the lower the pressure, 7.e., the lower the initial concen- 
tration of ozone. The few experiments carried out with tube C 
(21—23, Table I) support this view. Here apparently we are 
dealing with a case where the catalytic activity of the surface, and 
therefore the rate of the heterogeneous reaction, is of far greater 
significance than in the experiments with the other tubes. It 
will be observed that in these three cases, the greater the velocity 
of deozonisation, the greater also is the relative increase in the 
calculated bimolecular coefficient with time. This result is con- 
sistent with the conception of a constant intrinsic rate for the 
homogeneous process, together with a gradually decreasing cata- 
lytic activity of the surface which governs the intrinsic rate of the 
heterogeneous process. 
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If the observed reaction is a mixture of homogeneous and hetero- 
geneous changes, which of these is it that the inert gases catalyse? 
Presumably, it is not the rate of heterogeneous change which is 
affected, and this for two reasons: (1) the velocity coefficient 
varies less with time in the presence of an inert gas than in its 
absence, indicating that the homogeneous change is accelerated 
relative to the heterogeneous change of lower order; (2) not only - 
is the power of adsorption of such gases as argon and helium by 
glass surfaces small, but it is difficult to see how such adsorption 
could produce any other than a retarding effect on a heterogeneous 
change. We must therefore conclude that the catalytic effect of 
the inert gases investigated takes place in the gaseous phase. 

We have thus to explain the retardation of the velocity of the 
homogeneous reaction by increase of the pressure of oxygen, and 
its acceleration by introduction of an inert gas. The effect 
of oxygen has been interpreted by Jahn (loc. cit.) in terms 
of the reaction scheme : O, == O, + 0; 0+ O, —> 20g, leading to 
Kove. 0C [05 ]?/[O,]. This relation, however, is not in agreement 
with our experimental results; further, it appears improbable 
that the energy relations of the process of deozonisation are con- 
sistent with the formation of oxygen atoms at a temperature of 100°. 
If this mechanism be discarded, there remain such possibilities as : 

(1) O, == 0,*; O,* + O; —> 30,, 
where O,* represents an activated ozone molecule; or 

(2) O; == 0,*; O,* + O, == complex; complex —> 30Q,. 

A qualitative agreement with the results of the present work © 
may be obtained on the basis of this second possibility, if we make 
the following assumptions : 

(a) The complex may either revert spontaneously into ozone — 
molecules or decompose into oxygen molecules. | 
(6) Hither of these changes may also be brought about by collision 
of the complex with an indifferent molecule. 
Depending upon the type of the colliding molecule, one of these 
_“ decomposition by collision ’’ processes will be favoured at the — 
expense of the other. In this sense our results indicate that col- 
lisions with oxygen molecules favour the reversal: complex —> 20s, © 
whereas it is the process: complex —> 30, which is assisted by 
collision with inert gas molecules in the oréed argon, nto 

carbon dioxide, helium. 

In connexion with the above assumptions, some theoretical 
considerations regarding the mechanism of chemical reactions 
which have recently been advanced by Christiansen (Z. physikal. — 
Chem., 1924, 113, 35) and by Born and Franck (Z. Physik, 1925, 
31, 411) are of interest. Christiansen considers the first stage in — 
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a bimolecular reaction to be the formation by collision of an active 
complex. This complex can subsequently decompose spontaneously 
into resultants, or can suffer deactivation by collision with a third 
molecule. Accordingly the probability that reaction should take 
place is determined by a factor of the form p/(p -+ 37C), where p 
denotes the probability of spontaneous reaction, C is the con- 
centration of any molecular species present, and the 7’s are specific 
coefficients such that SC gives the probability of deactivation of 
the complex by collision. Born and Franck have also dealt with 
deactivation processes occurring in chemical reactions, but from a 
somewhat different point of view. They conclude that, in order 
that additive processes of the type A+ B —> AB may occur, it is 
necessary that the activated complex (or quasi-molecule) AB* 
first formed should, during its life period, suffer collision with a 
third molecule, whose function is to remove the difference in energy 
between AB* and AB. [On the other hand, they consider that, 
for substitution processes as A + B->C + D to occur, such ternary 
collisions are unnecessary.]| Accordingly, the reaction velocity 
coefficient of Born and Franck should contain a function of the 
type 3y,C/(p; + 3y,C), a function which is in a sense comple- 
mentary to that of Christiansen; p,, however, now defines the 
intrinsic probability of the reversal AB* —> A + B, and the 7,’s 
refer to the change AB* —> AB. 

The suggestions made by us in the reaction mechanism for the 
process of deozonisation include all four of the possibilities of 
change on the part of the complex entertained by Christiansen 
and Born and Franck. As a result, our final expression for the 
bimolecular velocity coefficient would contain a complex prob- 
ability term of the form (p + 37C)/(p + py + =nC + 3y,C) in which 
p and 7 refer to the change : complex —> 30, and p, and 7, to the 
change: complex —> 20,. As already stated, these possibilities 
afford a qualitative explanation of our results. 

While it is not suggested that the mechanism postulated is 
necessarily the correct one, we believe that an explanation of the 

‘negative ” catalytic effect of oxygen and the “ positive ” effect 
of the other gases must involve considerations of the nature 
indicated above. 

Summary. 

The velocity of the thermal reaction 20, —> 30, has been deter- 
mined at 100° in glass tubes in the presence err absence of sul- 
phuric acid. The reaction follows approximately a bimolecular 
course, the velocity coefficients increasing slightly, however, with 
time. For ozonised oxygen mixtures, at pressures between 300 
mm. and 1000 mm., the bimolecular coefficient k (expressed in the 
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units litres/moles-minutes) is given by k = 11,500/(860 + P), 
where P = the pressure in mm. of gas mixture. 

For mixtures of ozonised oxygen with any one of the gases 
argon, nitrogen, carbon dioxide, and helium, the velocity of deozon- 
isation is greater than that found for ozonised oxygen with the 
same partial pressure of oxygen. ‘This positive “ catalytic ”’ effect, 


which is greatest for argon and least for helium, increases with — 


increasing partial pressure of added gas. 
A short discussion of these results and of a possible mechanism 
of the reaction process is given. 


_The authors’ thanks are due to Professor W. C. McC. Lewis for the 
facilities kindly provided for this work. — 
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CCLXXXV.—The Dissociation Pressures of Hydrated 
Double Selenates. 


By JouHn FERGUSON. 


In two former papers (J., 1922, 121, 1407; 1924, 125, 1307) the 
author in conjunction with R. M. Caven communicated an account 
of the dissociation pressures of hydrated double sulphates of the 
type M’’SO,,M’,SO,,6H,O. The present paper contains the results 
of measurements of the dissociation pressures of hydrated double 
selenates of the same type. 

The apparatus and methods employed have already been described 
(loc. cit.). 

Each double selenate was prepared by crystallisation from a 


solution containing the two simple selenates in equivalent pro- — 


portions. Selenium was the starting point in the preparation of 


the simple selenates. It was converted into copper selenate by © 


Dennis and Koller’s method (J. Amer. Chem. Soc., 1919, 41, 949), 
and this salt was electrolysed in warm saturated solution (Metzner, 


Compt. rend., 1898, 127, 54), yielding selenic acid, from which the ~ 


simple selenates were obtained by neutralisation with the corre- 
sponding carbonates or hydroxides. The double selenates were 
analysed to test their purity. 


The double selenates examined yielded dihydrates as the first : 


stage in their dehydration. Induction lag phenomena were hardly 

so marked as in the case of the sulphates (J., 1924, 125, 1308). 
The pressures observed are equilibrium pressures in systems of 

the type M’’SeO,,M’,Se0,,6H,O == M’’SeO,,M’,SeO,,2H,0+4H,0. 


7 
a 


i 


PRESSURES OF HYDRATED DOUBLE SELENATES. 


Copper Potassium Selenate. 
25-1° 32-5° 39:1° 45-1° 50:7° 61-7° 50-0° 42-7° 36-2° 
fre wk ie oo Oe | 8D 187-3 OTT ABS 88:7 
Copper Rubidium Selenate. 
Boao Cal a9'G? b9sIC 588% ° 74-88" 6719 Sl 
0 13:5 24-4 42-4 77-9 73-7 192-0 121-0 49- 
Copper Cesium Selenate. 
27-7° 36-0° 42-7° 50-0° 56-2° 59-2° 65-2° 61-2° 5 
22:8 37-9 54:7 81-1 110°5 125-9 164-5 139-1 8 
Copper Ammonium Selenate. 
25:0° 30-6° 35-3° 40-0° 50-8° 60-3° 70:4° 57-3° 44-99 
2°8 5:5 7-5 10:6 26-3 48-5 90-8 389 16-2 
Copper Thallous Selenate. 
29-9° 40-0° 48-0° 53:9° 64:1° 59-2° 44:-5° 35- ° 
8-9 20-3 363 53:6 99-6 75-0 28-7 13:3 
Cobalt Potassium Selenate. 
26-1° 33-0° 42-5° 48-5° 61-2° 68-2° 43-8° 28-4° 
21-4 33:5 585 79-9 148-5 199-2 62:4 26-8 
Cobalt Ammonium Selenate. 
70° 34-1° ~41:5° 56°3° 65-6° 68-4° 71-1° 
3°4 5-9 10:3 29-7 53-1 64:8 75:5 
Zinc Potassium Selenaie. 
31-3° 42-6° 48-5° 57-2° 71-3° 59-9° 37-2° 
23-6 50:7 75-4-120-3 218-3 136-2 36-2 
Zinc Ammonium Selenate. 
31-3° 42-6° 48-5° 57-2° 71-3° 59:-9° 37-2° 
2-9 6-9 10-1 199 465 22:8 4-1 
Nickel Potassium Selenate. 
29-9° 40-0° 48-0° 53:9° 64-1° 59-2° 35-1° 
11:9 25:3 444 63-9 119-0 88-7 18:3 
Nickel Rubidium NSelenate. 
oe BBO? 69-3 —  B2-0*. | 7D:9° 54-2° 45-0° 
5 3-1 9-0 16-0 37-9 9-9 5:3 
Nickel Cesium Selenate. 
80-2° 38-2° 52-3° 62-0° 75-9° 54-2° 45-0° 
15-8 26-8 59-4 95-9 157-4 64:8 39-8 
Nickel Ammonium Selenate. 


28-3° 37-2° 43-6° 56-0° 63-2° 69-0° 77-0° 35-6° 
LOG R20 3°2 82 13:9 20-3 32-2 I 
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Nickel Ammonium Chromate. 


This salt was prepared by Brigg’s method (J., 1903, 83, 392). 
It effloresces slowly in air, forming a brown substance which has 
the composition of the anhydrous salt. The dissociation pressures 
of a mixture of the hexahydrated salt and this substance were 
measured. 


76-7° 57-4° 
278-0 118-8 


27-7° 
22-8 


56-:0° 69-0° 
111-7 201-7 


° 40-8° 


45-3° 50-7° 
49-4 4-7 


64-4 8 


Clark and Buckner (J. Amer. Chem. Soc., 1922, 44, 242) and 
Clark (Amer. J. Sci., 1924, 7, 1) have carried out a long series of 
measurements of the stabilities of ammines of inorganic salts, as 
indicated by the temperatures at which the dissociation pressures 
of the ammines rise to a definite value (100 or 760 mm.). They 
have found that the stability increases with diminishing atomic 
volume of the positive part of the molecule, e.g., in the series Cs, 
Rb, K, Na; Cd, Zn, Mn, Cu, Fe, and increases with increasing 


volume of the negative part, e.g., in the series Cl, Br, 1; MoQ,, © 


CrO,, SO,, SeO,. These results agree also with the work of Ephraim 
on the metallic ammines (Ber., 1912, 45, 1322). 


In the following table are given the molecular volumes (deter- 
mined by Tutton) of both double sulphates and selenates, and also ~ 
the absolute temperatures at which their dissociation pressures — 


attain a definite value (50 mm.). 


Univalent Sulphates. Selenates. 
metal or Bivalent —————~ —_—"—— 
group. metal. Tso: M.V. Tso: M.V. 
Potassium Copper 320-8° 197-8 316-6° 2113 
Cobalt 325-9 197-1 312-5 208-6 
Zine 327-8 196-2 315-2 208-8 
Nickel 336-8 195-3 323-9 206-1 
Rubidium Cadmium 313-5 216-4 — —_— 
Manganese 315-2 * 213°7 — — 
Copper 326-0 207-7 325-0 221-5 
Cobalt 335-0 206-5 — o 
Zine 339-0 205-6 — — 
Nickel 346-3 204-8 354-0 217-0 
Ceesium Cadmium 315-0 229-3 — 
Manganese 319-9 226-4 — — 
Copper 332-5 220-3 314-1 235°5 
Cobalt 334-0 219-7 — — 
Zine 336-8 218-0 --- = 
Nickel 345-0 217-4 322-8 229-2 
Ammonium Cadmium 317-3 217-5 ae —_ 
Manganese 317-2 215-5 — — 
Copper 332-0 207-7 333°7 222-2 
Cobalt 336-8 208-0 337-2 218-1 
Zine: |! 341-4 206-4 345-0 2177, 
Nickel 354-0 205-5 358-0 216:5 
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In the case of double salts formed by the same univalent metal 
or group with different bivalent metals, the temperature at which 
& pressure of 50 mm. is attained increases with decreasing mole- 
cular volume. The constitution of these double salts is probably 
of the type M’,[M’’(SeO,),], since it is known that in solutions of 
some of them at least, the bivalent metal migrates partially to the 
anode during electrolysis. Hence it may be said that stability in 
the sulphate or selenate groups, taken separately, is favoured by 
diminishing molecular volume of the anion or negative part of the 
molecule. 

However, it must be pointed out that, although the double 
selenates have always a much greater molecular volume than the 
corresponding sulphates, the rubidium and ammonium double 
selenates are more stable than the rubidium and ammonium double 
sulphates. The potassium and cesium double selenates are less 
stable than the corresponding sulphates. 

Nickel ammonium chromate cannot be strictly compared with 
the sulphate and selenate double salts, as it does not form a 
dihydrate, like the other two. It is, however, the least stable of 
the three nickel ammonium salts, and has probably a much greater 
molecular volume (Tutton, Min. Mag., 1912, 16, 169). 

As regards the positive part of the molecule, it is found that, 
the bivalent metal being the same, the stability increases with 
increasing molecular volume of the salt, in the order K, Rb, NH). 
The cesium salts are anomalous, because, although they have as 
a class the greatest molecular volume, they are intermediate in 
stability between the potassium and rubidium salts. This rule, 
however, does not apply to the cesium double sulphates of copper, 
cadmium and manganese, which are more stable than the corre- 
sponding potassium and rubidium salts. In the case of the two 
double selenate groups examined (copper and nickel) the cesium 
and potassium dissociation pressure-temperature curves inter- 
sect. the czesium salts being the less stable at lower temperatures. 
If the cesium salts are excluded from consideration, it follows 
that stability in the series of hydrated double sulphates and 
selenates is favoured by increasing atomic or molecular volume of 
the kation or positive part of the molecule. 

To sum up, while it is obvious that the specific influence of the 
various atoms and groups enters as a complicating factor, the results 
tend to show that the stabilities of the hydrated salts are closely 
connected with the atomic or molecular volumes of the atoms 
and groups composing their molecules. The stabilities appear to 
increase with decreasing molecular volume of the anion, but increase 
with increasing atomic or molecular volume of the kation. 
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This relation is opposite to that which obtains with the metallic 
ammines (Clark and Buckner, loc. cit.). 


Summary. 


1. The Hiabckice pressures of certain double selenates of the 
type M’,SeO,,M’’Se0,,6H,O in contact with the corresponding 
dihydrates have been measured over a range of temperature. 

2. The stabilities of these salts, and also of the double sulphates, 
as measured by the absolute temperatures at which their dissoci- 
ation pressures attain the value of 50 mm., are greatly influenced 
by the molecular and atomic volumes of the groups and atoms in 
the molecule. 

3. The specific action of the different atoms and groups intro- 
duces irregularities, especially noticeable in the case of cesium 
double salts, but in general the stabilities of the hydrates increase 
with increasing volume of the kation and decrease with increasing 
_ volume of the anion. 

4. These two relationships are the inverse of those obtaining with 
the metallic ammines. | 


The author wishes to thank Prof. R. M. Caven of the Rol 
Technical College for having suggested this research and for his 
continued interest in it. He also desires to thank the Carnegie 
Trust for the provision of a scholarship, which enabled the research 
to be undertaken. 
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CCLXXXVI.—Researches on Chromammunes: Part IT, 
Hydroxopentamminochromic Salts and Electricab 
Conductivities of Chromammines. 


By Hursert JOSEPH SEYMoUR KING. 


A. Hydroxopentammino-chromic(-cobaltic) Hydroxide. 


It was shown in Part I (King, J., 1924, 125, 1329) that the alkaline 4 
solutions obtained by treating chloropentamminochromic or 
aquopentamminochromic chloride with moist silver oxide, which 
had until then been regarded as solutions of aquopentammino- 
chromic hydroxide, gave hydroxopentamminochromic picrate with 
excess of picric acid. (That this is not due to instability of the 
aquopentamminochromic salt has now been shown by preparing 
the latter from the nitrate.) Hence the solutions were considered 
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to contain not aquo- but hydroxo—pentamminochromic hydroxide, 
a view supported by their intense reddish-violet colour, which is 
characteristic of ‘‘ purpureo” rather than “ roseo ” solutions. 

Further investigation showed that the aquopentamminochromic 
salt was obtained with oxalic acid, which thus behaved similarly 
to mineral acids (Christensen, ./. pr. Chem., 1881, 23, 26). 

2[Cr(NH;);0H](OH).+3H,C,0,=[Cr(NH,),H,O],(C,0,),-+4H,0. 
2: 4-Dinitrophenol, a much weaker acid than picric acid, gave 
the aquo-salt with both the chrommamine and the cobaltammine 
alkaline solutions. Also picric acid gave the aquo-salt with the 
cobaltammine solution, though 2: 4-dinitro-«-naphthol-7-sulphonic 
acid, a much stronger acid, gave the hydroxo-salt (Part I). In 
view of these anomalous results, the nature of the alkaline solutions 
has been investigated from the point of view of electrical con- 
ductivity. From measurements of the conductivities of their 
salts, the conductivities of the aquopentamminochromic and hydr- 
oxopentamminochromic ions at zero concentration were found to be 
174-3 and 73-3 mhos at 0°, giving 489-3 and 283-3 mhos for the 
imiting conductivities of the hydroxides. The value obtained by 
sxtrapolation of the conductivity data for the chromammine 
ukaline solution was 283-9, completely confirming the view that it 
contained only hydroxopentamminochromic hydroxide. The data 
of Lamb and Yngve (J. Amer. Chem. Soc., 1921, 43, 2352) for the 
sonductivity of “aquopentamminocobaltic hydroxide” at 0° 
ignoring the figure for c= 0-0002683) give on extrapolation 
n = 1°30) the value 296 at infinite dilution, in fair agreement with 
he value 287 required for hydroxopentamminocobaltic hydroxide. 

Aquopentamminochromic picrate was precipitated, on mixing 
olutions of aquopentamminochromic nitrate and 200% excess of 
odium picrate, as aggregates of golden-yellow needles (Found: 
x, 6-0; NH,, 9:9; N, 22-9; H,0O, 3:3. 

[Cr(NH;);H,O}; C,H,0,N3}3,3H,O 
equires Cr, 6-1; NH, 10-0; N, 23-1; H,O, 3-2%). The salt lost 
ll its water and also 43% of its ammonia on heating at 100° for 
hours, so this is not a suitable method for introducing the picrato- 
Troup into the complex. 

Aquopentamminochromic oxalate was obtained on mixing solutions 
f hydroxopentamminochromic hydroxide (Christensen, loc. cit.) and 
xalic acid (3 mols.), precipitation occurring on shaking and cooling. 
t was washed with a little water, and with alcohol until free from 
xalic acid. The air-dried product consisted of irregular, orange 
lates (Found: Cr, 16-3; NH,, 26-4; H,O of crystallisation, 10-9. 
or(NH;);H,0},(C,0,)3,4H,O requires Cr, 16-1; NH, 26-4; H,0O of 
rystallisation, 11-2%). After a week in a vacuum over phosphoric 
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oxide, the water of crystallisation was completely removed, together 
with 4% of the ammonia. The salt lost 47% of its ammonia on 
heating at 100° for 3 hours, but still retained more than half of the 
co-ordinated water. Thus it was not possible to prepare an 
oxalato-salt from it by heating. 

Aquopentammino-chromic (-cobaltic) 2 : 4-Dinitrophenoxide.—Finely 
powdered 2 : 4-dinitrophenol (2 mols.) was shaken mechanically for 
an hour with a solution of hydroxopentammino-chromic (-cobaltic) 
hydroxide, when the pure aquopentammino-salt was obtained, the 
excess of hydroxide remaining uncombined. The sparingly soluble 
product was washed with water, then triturated and washed with 
methyl alcohol, leaving a bright yellow powder. Ammonia was 
estimated as for picrates (Morgan and King, J., 1922, 121, 1723). 
A. (Found: Cr, 7-4; NH,, 11-7; N, 21:3; H,O, 5-2. 

[Cr(NH;);H,O]{CgH,0;N3}3,H,O . 
requires Cr, 7:2; NH,, 11:8; N, 21-2; H,O, 5-0%). 66% of the 
ammonia was removed in 3 hours at 85°, together with all 
the water. B. (Found: Co, 7-7; NH, 11:0; N, 20-1; H,O, 9:2: 
[Co(NH,),H,O]{C,H,0,N,',,3H,O requires Co, 7-7; NHs;, 11-1; 
N, 20-1; H,O, 9-4 of). The compound charred at 100°. 

fi i ag of Hydroxopentamminocobaliic Hydroxide and Pierie 
Acid Solutions.—Using three mols. of picric acid, the pure aquo-— 
pentamminocobaltic salt was precipitated (Morgan and King, loc. ci.) © 
(Found: Co, 7-1; NH,, 10-1. Cale., Co, 7:0; NH, 10:1%). Twoy 
mols. of picric acid gave a mixture of the aquo- and hydroxo-salts. 


B. Hydroxopenitamminochromic Salts. 


The only salts of this series hitherto described are the dithionate 
(Jorgensen, J. pr. Chem., 1882, 25,419; Dubsky, tbid., 1914, 90, 99), 
picrate and diene ime (Part 1)... The sul ae nitrate, 
chloride, bromide, iodide, chromate and oxalate have now been 
obtained. They are rose-red salts, much more soluble in water than 
the corresponding cobaltammines (Werner, Ber., 1907, 40, 4098). 
They give solutions only very slightly alkaline to litmus and do not 
liberate ammonia from ammonium salts in the cold. Thus the : 
tendency to form aquo-salts is less pronounced than in the case 
of hydroxopentamminocobaltic salts. The co-ordinated hydroxyl | 
group cannot be acetylated or carbonated. Unlike the hydroxo-— 
pentamminocobaltic salts, they smell of ammonia and are unstable 
even in the dark. They can, however, be kept indefinitely in an 
ammoniacal atmosphere. The salts most readily obtained pure ‘ 
and in quantity are the sulphate and nitrate. 

That these are not basic aquo- but hydroxo-salts is demonstrated y 
as follows. 
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(#) 'The sulphate and chromate were obtained anhydrous, whilst 
the nitrate, bromide, and iodide contained less water than is required 
for an aquo-salt. 

(6) Hydroxopentamminochromic picrate was obtained from the 
sulphate by double decomposition. 

(c) The electrical conductivities at 25° and a dilution of 1024 litres 
were of the order required (234 to 268 mhos) for salts with two uni- 
valent ions outside the complex, by Werner’s empirical rule (Werner 
and Miolati, Z. physikal. Chem., 1894, 14, 506). The values obtained 
for the sulphate, nitrate, chloride, and oxalate were 234-0, 260-8, 
274-6 and 235-5. (The value 266-2 obtained for hydroxopent- 
amminocobaltic nitrate also agrees with the rule.) 

Hydroxopentamminochromic sulphate was obtained by adding the 
hydroxopentamminochromic hydroxide solution (100 c.c.) from 
4 g. of chloropentamminochromic chloride to 2-17 g. of ammonium 
sulphate in 3 c.c. of water and 16 c.c. of concentrated ammonia 
solution. When 50 c.c. of ice-cold alcohol had been added drop 
by drop to the cooled solution, rosettes of large, rose-red needles 
began to form. On addition of 20 ¢c.c. more alcohol most of the 
sulphate crystallised (3-5 g.). It was collected, washed with 
ammoniacal alcohol and ether, and kept in a vacuum in presence of 
soda-lime and ammonium carbonate (Found: Cr, 21-2; NH,, 33-8; 
§,13-0. [Cr(NH,),OH]SO, requires Cr, 20-8; NH,, 34:0; 8, 12-8%). 

A sample was triturated with acetic anhydride for 20 minutes. 
The product was dissolved in water and treated with a solution of 
sodium picrate. Hydroxopentamminochromic picrate (Part I) 
was precipitated, showing that no acetylation had occurred (Found : 
er, 8:3 5° NH, 12-8; N, 23-3. Calc., Cr, 7-9; NH, 13-0; N, 23-5%). 

When carbon dioxide was passed into a cooled concentrated 
solution of the sulphate, 3 to 4 mols. of ammonia were displaced, 
an insoluble bluish-violet carbonate of variable composition being 
formed. 

Hydroxopentamminochromic nitrate was not readily obtained by 
adding the hydroxide to ammonium nitrate solution, as a large 
excess of alcohol and.ether was needed for precipitation and the 
salt then separated as an oil. Five g. of aquopentamminochromic 
nitrate (Werner and Surber, Annalen, 1914, 405, 220) were dissolved 
in 30 c.c. of concentrated ammonia, and cooled alcohol (60 c.c.) was 
added drop by drop to the ice-cold solution until a permanent 
erystalline precipitate formed (small, irregular, red plates). ‘This 
was collected immediately and washed with ammoniacal alcohol and 
ether (Found: Cr, 18-2; NH, 29-6; N, 34:3. 

[Cr(NH;);0H](NO3).,5H,O 
requires Cr, 18:1; NH, 29-7; N, 34:1%). Although the salt had 
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an ammoniacal odour, it lost only 24% of its ammonia when kept 
during 10 weeks over phosphoric oxide in a vacuum. 

Action of Pyridine on Aquopentamminochromic Nitrate —A strong 
solution of the aquo-salt was treated with excess of ice-cold 
pyridine, the colour changing from orange to dark red. Addition 
of alcohol gave an orange precipitate, the ammonia content of 
which (26-1°%) indicated that 25% of the aquo- had been hydrolysed — 
to the Me nitrate. | 

Aquopentamminochromic halides, prepared by Christensen 
‘(loc. cit.) from hydroxopentamminochromic hydroxide, were more 
conveniently obtained in pure condition as follows. 

Chloride.—A solution of 7-5 g. of aquopentamminochromic 
nitrate in 60 c.c. of water was filtered into 160 c.c. of ice-cold strong 
hydrochloric acid, when partial precipitation of the crystalline salt 
occurred. Ice-cold alcohol (100 c.c.) was added and the salt was 
at once collected (3-7 g.) (Found: NH, 32-7. Calc., NH,, 32-6%). 
The chlorine was completely and immediately precipitated in the — 
cold by silver nitrate, showing that no chloropentamminochromic — 
salt was present. 

Bromide.—A solution of 5 g. of aquopentamminochromic nitrate 
was added to 60 c.c. of ice-cold strong hydrobromic acid, an 
immediate precipitate of 5 g. of the bromide being formed. This 
was freed from a trace of purpureo-salt by dissolving in water 
(50 c.c.) and filtering into 50 c.c. of ice-cold hydrobromic acid. ~ 
The iodide was prepared similarly to the bromide. 

Hydroxopentamminochromic chloride was obtained as aggregates © 
of small, very soluble, rose needles (2 g.) on dissolving aquopent- — 
amminochromic chloride (3 g.) in 15 c.c. of concentrated ammonia ~ 
and slowly adding ice-cold alcohol (60 c.c.) until precipitation was 
complete. The salt lost 18-6% of its ammonia in 3 hours at 100° : 
(Found: Cr, 21-4; NH, 35-0; Cl, 28-9. [Cr(NH;);0H]JCl,,H,0 ~ 
requires Cr, 21:4; NH, 35:0; Cl, 29-2%). in 

Hydroxopentamminochromic bromide separated as a solid mass : 
of pink needles when aquopentamminochromic bromide was i 
dissolved in ammonia, and a little ice-cold alcohol added (Found : ~ 
Cr, 16:3; NH,, 26-1; Br, 49-5; H,O, 3-0. [Cr(NH,);OH]Br,,4H,0 © 
requires Cr, 16-1; NH,, 26-4; Br, 49:5; H,O, 2°8%). i 

Hydroxopentamminochromic iodide was obtained as bunches of — 
minute, pink needles by dissolving 5 g. of aquopentamminochromic — 
iodide in 30 c.c. of concentrated ammonia and adding slowly 100 c.c. — 
of ice-cold alcohol. It was somewhat less soluble than the other — 
salts (Found: Cr, 12:7; NHg, 20-6; I, 60-9. [Cr(NH,),OH]I,,3H,0 — 
requires Cr, 12-5; NH, 20-4; I, 60-9%). When solid potassium — 
iodide was added to a solution of aquopentamminochromic nitrate 
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in concentrated ammonia, an addition compound of the hydroxo- 
iodide with potassium iodide was obtained (pink needles). 

Hydroxopentamminochromic chromate was obtained by adding the 
hydroxide solution (55 ¢.c.) from 4 g. of chloropentamminochromic 
chloride to 2-5 g. of ammonium chromate dissolved in ammonia. 
The intense reddish-brown solution was treated with alcohol until a 
permanent crystalline precipitate just formed (aggregates of thin, 
brown plates). This was collected and washed with ammoniacal 
alcohol and ether (Found : Cr, 38-7; NH, 31-3. [Cr(NH,),OH]Cro, 
requires Cr, 38:5; NH, 31-5%). 

No reduction in weight occurred when the salt was kept for a 
fortnight over phosphoric oxide. 

Hydroxopentamminochromic Oxalate—The hydroxide solution 
from 5 g. of chloropentamminochromic chloride (100 c.c.) was 
added to 2-92 g. of ammonium oxalate in 100 c.c. of water, when 
ammonia was immediately evolved. Ammonia solution (10 c.c.) 
was added, and a considerable excess of alcohol and ether; the 
precipitate of large, pink needles was readily soluble in water 
(Found: Cr, 18-6; NH,, 30-4. [Cr(NH,),OH]C,0,,2H.O requires 
Cr, 18-7; NH,, 30-6%). 

Hydroxopentamminocobaltic Nitrate-—The following is a more 
convenient method than that given by Werner (loc. cit.) for preparing 
the pure monohydrated salt. To a filtered solution of 20 g. of 
aquopentamminocobaltic nitrate in 100 c.c. of concentrated 
ammonia, 240 c.c. of boiling alcohol are added and the mixture is 
cooled quickly to prevent separation of an oil. The precipitate is 
dissolved in ammonia, and to the ice-cold filtered solution cooled 
alcohol is added drop by drop until crystallisation begins (yield 7 g.) 
(Found : Co, 19-4; NH,, 28-1. Calc., Co, 19-5; NH;, 28-1%). 


C. Electrical Conductivities of Chromammines and Cobaliammines. 


The »-C¥8 Graph (see Porter, Trans. Faraday Soc., 1919, 15, 122). 
—tThe electrical conductivities of a large number of salts of bivalent 
chromammine and cobaltammine kations give, for the concen- 
tration range v = 32 to v = 1024, a rectilinear »-C¥8 graph. This 
has been found to be the case for hydroxopentamminochromic 
nitrate, chloride and hydroxide, hydroxopentamminocobaltic 
nitrate, chloropentamminochromic chloride and bromide, chloro- 
pentamminocobaltic sulphate, bromide, chloride and _ nitrate, 
nitropentamminochromic chloride (xantho), nitropentammino- 
cobaltic nitrite and chloride (xantho), dinitrotetramminocobaltic 
nitrate (flavo) and chloride (croceo). It has therefore been con-— 
eluded that in normal cases the 1—-C1? graph for such salts over 
this range should be rectilinear and that deviations are due to such 
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phenomena as polymerisation in concentrated solution, hydration 
and hydrolysis. This view was supported by the fact that in 
several cases where deviation was found at 25° the graph was 
rectilinear at 0° (e.g., chloropentamminochromic bromide, Table IIT). 
Further, in cases where this graph is rectilinear, extrapolation to 
zero concentration by means of the 1/\-(Ca)"*+ graph gives con- 
cordant values for the mobility of the complex ion, whilst extra- 
polation of data for the same ion which give a curved 1-C¥? graph 
leads to a quite different mobility value. Thus for the bivalent 
hydroxopentamminochromic ion, extrapolation of the conductivity 
data for the nitrate and chloride gives mobility values 131-6 and 
131-9 at 25°, whilst the oxalate and sulphate data, which deviate 
from the straight-line rule (probably owing to polymerisation 
in concentrated solution), lead to mobility values 380-9 and 
195-0. 

The rectilinear »-C8 graph does not appear to be suitable for 
extrapolation of conductivity data to infinite dilution, since accurate 
data for concentrations less than 5,55 (e.g., for potassium chloride) 
are lower than those required by the graph. For ammines of 
chromium and cobalt it leads usually to results 6% higher at 25° 
than those obtained by the 1/2-(Ca)"+ graph. 

In many cases at v = 2000, and sometimes at higher concen- 
trations, the conductivities of ammines are higher than those 
required by the rectilinear »—-C™? graph. Such data have been 
considered to be influenced by decomposition of the complex ion, and 
have been ignored in calculating a,,. They are bracketed in the 
tables. ; 

The rule does not appear to apply to salts of tervalent complex 
kations. The »—-C!’? graphs for hexammino-chromic (-cobaltic) and 
aquopentammino-chromic (-cobaltic) salts are curved. Neverthe- 
less, extrapolation leads to concordant results from different salts 
of the same ion. | 

Conductivity Data.—The usual Kohlrausch method was employed, 
_ resistances being measured by a standardised Post Office box. An 
open cylindrical cell of constant 0-1197 was used for the salts. The 
conductivity water was obtained by a single distillation of distilled 
water with a little potassium bisulphate, and its specific conductivity 
varied between 0-66 x 10° and 1-1 x 10% mho, at 0°. Except 
in the case of hexammino-salts, the method of successive dilutions 
was not employed. A fresh solution was prepared for each 
measurement, and its conductivity was determined forthwith. This 
was particularly necessary in the case of hydroxo-salts, since their 
conductivity increased rapidly when they were kept in contact 
with the electrodes. 


a 
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TABLE I. 


Hydroxopentammino-chromic and -cobaltic Salts. 


v is the reciprocal of the concentration in mols. per litre, and A the molecular 
conductivity in mhos. 


Bracketed data have been ignored in calculating A,,. 
[Cr(NH;);OH]Cl,. [Cr(NH;);OH](NO,),. [Cr(NH ),OH]SO,. 


v. Ayr: Nos’ Ages Noss Agr ress 
32 108-8 206-2 106-4 201-5 (59-4) (117-6) 
64 119-0 225°7 115-7 219-4 (69-5) (132-9) 
128 127-5 \ 239-0 124-7 233-6 (82:0) (158-3) 
256 134-9 253-0 132-0 244-3 (94-1) (181-2) 
512 138-8 261-9 138-9 254-2 (108-3) (208-2) 
1024 147-2 274-6 141-4 260-8 (118-9) (234-0) 
2048 ms sy (152-7) (279-9) (182-3) (254-2) 

[Cr(NH,),OH]C,0,, [Co(NHs)sOH|(NO3)s. 

a. Ags’- Ao’: Ao5° 

32 (132-8) = 196-5 

64 (150-4) Je 215-2 

128 (169-6) 124-2 929:5 

256 (190-0) 132-2 241-5 

512 (213-4) 138-4 (253-4) 

1024 (235-5) 143-4 (266-2) 

TABLE II. 


Hydroxopentamminochromic Hydroxide, [Cr(NH;),;OH](OH),. 


a = degree of dissociation. 


ESS 22-53 32°85 42-92 65-70 365-8 o (extrapolated 
eee oe aes 237°8 =: 245-5 250-0 254-1 273-7 =. 283-9 
aoe 83-8 86-5 88-1 89-5 96-4 — 


The hydroxide solution was prepared by triturating chloro- 
pentamminochromic chloride with moist silver oxide (Christensen, loc. 
cit.), filtering, and washing the oxide with a little ice-cold conduct- 
ivity water. Air was excluded as much as possible during the prepar- 
ation, and the conductivity was measured in a stoppered flask- 
shaped cell. The concentration was determined by an ammonia 
estimation. The hydroxide prepared from aquopentammino- 
‘chromic chloride gave similar results. A positive water correction 
was applied (Lamb and Yngve, loc. cit.). The water used was 
practically “equilibrium water,’ its specific conductivity being 
0-66 x 10° mho at 0°. 


Tase III. 
Chloropentamminochromic Salts. 

[Cr(NH,);ClCl,. ~ [Or(NH,),ClBr,. 

pT er =< _— $< 

v. Ag ae Agr Nee 
64 123-1 230:3 — (232-3) 
128 131-1 244-5 134-8 (247-7) 
256 137-2 255-0 142-1 (261-5) 
512 142-3 264-4 146-8 (272-9) 
1024 (147-6) (276-8) 151-2 (280:6) 
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The conductivity increased rapidly on standing, particularly 
in the case of the bromide. 


Tasue IV. 
Aquopentammino-salts. | 
UAB et ka Be ny RT a 32 64 128 256 512 1024 
Age for [Cr(NH,);H,O|Cl, ......... 169-5 186-3 203-4 218-4 232-9 (247-8) 
A, for [Co(NH,);H,O](NO,),  ... 163-0 179-0 197:6 212-2 225-9 238-0 
TABLE V. 


Hexamminochromic Salts. 


[Cr(NH3)¢](NO 
a ae 


38° Cr(NH,)_Brp. 


[Cr(NH3) 6 (NOs)s- Cr(NH,),Brs- 


0. Age etal Ags’ v. Agee Nase: Nege. 

32 — 307-5 — 512 236-3 439-9 453-5 

64 182:6 . 340-2 355-5 1024 250-0 465-9 480-5 
128 201-6 375°3 391-1 2048 260-5 489-8 — 
256 219-7 408-0 423°3 4096 269-9 512-3 — 


The conductivities for hexamminochromic nitrate at 25° are 
_ considerably higher than those recorded by Werner and Miolati 
(loc. cit.). 

Ionic Mobilities—The conductivity at infinite dilution has been 
obtained in every case from the 1/a-(Ca)"™1+ graph (Noyes and 
Coolidge, Carnegie Inst. Pub., 63, 50). 

H Ndronc veniiina nacre ae ion. The data for the chloride and 
nitrate (Table I) give mobility 73-0 and 73-5 (m = 1-56 and 1-52) at 
0° and 131-9 and 131-6 (m = 1-60) at 25°. The means of these closely 
concordant values are adopted in Table VI. The data for hydroxo- 
pentamminochromic hydroxide give mobility 73-9 at 0°, in excellent 
agreement with the figure derived from the salts. 

Hydroxopentamminocobaltic ion. The data for the nitrate (Table I) 
give mobility 76-6 at 0° (n = 1-50) and 131-0 at 25° (n = 1-60). 

Chloropentamminochromic ton. The data in Table III give the 
ionic mobility as 75:2 and 76-8 (chloride and bromide) at 0° 
(7 = 1-50) and as 139-7 (chloride) at 25° (7 = 1:50). The data of 
Werner and Miolati (Joc. cit.) for the chloride at 25° give a slightly 
lower value (138-4). The lower figure 75-2 at 0° has been adopted, 
since the bromide results are probably affected by hydration. 

Chloropentamminocobaltic ion. The data of Werner and Miolati 
(loc. cit.; Z. phystkal. Chem., 1896, 21, 235) for chloropentammino- 
cobaltic salts at 25° give an ionic mobility 3:5°% higher than that 
of the corresponding chromammine ion, but extrapolation of the 
more recent results obtained by Harkins, Hall, and Roberts (J. 
Amer. Chem. Soc., 1916, 38, 2643) for the chloride gives values 745 
at 0° and 140-8 at. 25° (n = 1-60 and 1:82). These are the values 
adopted in Table VI. : 


ra 
ye 
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Aquopentammino-chromic and -cobaltic ions at 0°. The data of 
Table IV give mobilities 174-3’ (n = 1-40) and 161-7 (m = 1-44). 
The latter agrees well with the estimated value of 160 given by 
Lamb and Yneve (loc. cit.). 

Hexamminochromic ion. The data of Table V give mobility 
180-0 at 0° (n = 1-46) and 369-6 and 370-8 (nitrate and bromide) 
at 25° (n = 1-42 and 1-40). 

The diminution in mobility of the complex ion at 0° on replacing 
one ammonia molecule of the hexammine by water is 5:7 in the 
chromammine, 5-3 in the cobaltammine series (see Table V1). 

The values employed for the mobilities of the anions at 0° and 25° 
were Cl’, 41-1 and 75-5; Br’, 43-1 and 77:8; NO,’, 40-4 and 70:6; 
OH’, 105-0 (0°); 480,’’, 78-0 (25°); 4C,0,”, 72-7 (25°). 

The ionic mobilities of the complex kations are collected in 
Table VI. Those indicated by an asterisk are taken from the 
table given by Lamb and Yngve (loc. cit.). @Q = valency of kation. 


TABLE VI. 
Kation. Ages. Ao? /Q?. ones Ao5°/Q?. 
1 : 2-[Co(NH;),(NO,).]° 18-1* 18-1 36-3* 36:3 
1 : 6-[Co(NH;),(NO,), |" 17-9* 17-9 36-1* 36:1 
[Cr(NH,),OH]" 73:3 18-3 131-8 33-0 
[(Co(NH,),OH] 76:6 19-2 131-0 32:8 
[Cr(NH;);Cl]” 75-2 18-8 139-7 34:9 
[Co(NH;),Cl]" 74:8 18-7 140-8 35-2 
[Cr(NH;).]"" 180-0. 20-0 370-2 41-1 
[Co(NH,),]""" 167-0* 18-6 327-0* 36:3 
[Cr(NH,),H,O}"” 174-3 19-4 tit 
[Co(NH,),H,O]"*: 161-7 18-0 314-0* 34:9 


The mobilities of corresponding chromammine and _ cobalt- 
ammine bivalent ions are practically identical. 

The marked increase in mobility of the complex ions with increase 
of valency has no parallel among ordinary metallic kations. If 
the mobility is divided by the square of the valency, an approximate 
constant is obtained throughout the table, showing that the mobility 
is proportional to the square of the ionic charge. The mean values 
fA /Q? for univalent, bivalent and tervalent ions are 18-0, 18-8 and 
19-0 at 0° and 36-2, 34:0 and 37-4 at 25°. For metallic kations, 
A/Q is approximately constant. 


The author is indebted to the Chemical Society for a grant which 
fas partly defrayed the cost of this investigation. 
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CCLX XX VII.—Electrometric Studies of the Precipitation 
of Hydroxides. Part I. Precipitation of Magnesium, 
Manganous, Ferrous, Cobalt, Nickel, and Thorium 
Hydroxides by Use of the Hydrogen Electrode. 


By Husperr Tuomas STANLEY BRITTON. 


No satisfactory system of classifying the metals according to the 
strengths of their hydroxides has yet been evolved, although it is 
this property which underlies the general chemical character of the 
elements and also many analytical separation processes. Measure- 
ments of the basic strength by determinations of electromotive 
force, of heats of formation of oxides and salts, of dissociation 
pressures of sulphates at different temperatures, and of the hydro- 
lysis of various salts in solution have led to different arrangements. 
The arrangement in the order of the dissociation constants of the 
hydroxides as calculated from hydrolysis data is not altogether 
satisfactory, for in the majority of cases sufficiently accurate 
measurements cannot be made. 

Curiously enough, the order of the precipitation of the hydroxides 
by the gradual addition of alkali has received no serious attention, 
except with regard to the separation of the rare-earths. Hilde- 
brand’s work (J. Amer. Chem. Soc., 1913, 35, 847) in this connexion 
has been repeated and extended by the present author. A definite 
hydrogen-ion concentration, within narrow limits, has to be attained 
before the precipitation of any particular hydroxide can take place. 
This would be expected from a consideration of the “ solubility 
product.” An insoluble hydroxide, MOH, attains equilibrium with 
undissociated molecules and ions in solution, thus : 


MOH (solid) == MOH (undissociated) == M’ + OH’. 


The “ solubility product ” = [M°][OH’] = [M’]K,/[H'], where K, = 
[H'][OH’]. The precipitation of the hydroxide thus depends on 
the concentration of both the metal- and the hydrogen-ions. In 
ordinary analytical operations, the concentrations of the metal ions 
do not vary to any considerable extent and consequently precipit- 
ation depends largely on the hydrion concentration. The hydrion 
concentrations necessary for the precipitation of a large number of 
hydroxides, which have now been determined, COnBUTUEY a suitable 
basis for the classification of the hydroxides. The order is “ parallel ” 

to the increasing magnitude of the solubility products, but 
whether it is that of the basic strengths cannot be stated with 
certainty; this can be so only if the concentration of undissociated 


; of 
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molecules is the same for each hhydroxide—a point about which 
nothing is known. 
The Hydrogen Electrode. 


For titrations involving the separation of precipitates, the Hilde- 
brand form of hydrogen electrode was found to be the most con- 
venient; the hydrogen, obtained from a supply under pressure 
(e.g., a cylinder), could be passed through the solutions at such a 
tate that thorough mixing could be ensured, and its rapid passage 
through the electrode tended to free the platinum black from gases 
such as carbon dioxide and ammonia which were apt to be occluded, 
and also completely removed any dissolved oxygen from the solu- 
tions. The titrations were carried out in the manner already 
described (J., 1924, 125, 1576). The uncertain behaviour of the 
hydrogen electrode (see loc. cit.) is no doubt responsible for many 
of the conflicting statements in the literature, especially with refer- 
ence to its use in alkaline solutions. Thus Johnson (Trans. Amer. 
Electrochem. Soc., 1902, 1, 187) found the electrode to be sluggish , 
and Allmand (J., 1909, 95, 2151) concluded that it was untrust- 
worthy in alkaline solutions. Everything depends, however, on 
the electrode, its method of preparation and its use, for some 
electrodes are as satisfactory in alkaline as in acid solutions. 
Efficient electrodes tend to improve with continuous use, and in a 
few cases electrodes have remained good over a period of three 
months. 

In precipitation reactions the efficiency of the electrode some- 
times depends on the nature of the precipitate; the finer the 
precipitate the less likely is the electrode to give satisfactory results. 
In general, precipitates merely render the electrode sluggish. No 
lectrode functions in the presence of precipitated sulphur, but this 
may be due, not to the fineness of the precipitate, but to interaction 
between the hydrogen and the sulphur. 

The hydrogen electrode has some limitations, but these are not 
30 extensive as is generally stated. It can be used in presence of 
reducible substances such as nitrates and chromates (compare 
Britton, loc. cit.) if the solution is dilute. No electrode gave com- 
plete satisfaction in presence of sulphites; in some titrations, how- 
ever, the initial readings appeared to be approximately true. 

The hydrogen electrode is, of course, inapplicable in solutions 
ontaining metals more noble than hydrogen. Moreover, Denham 
ind Allmand (J., 1908, 93, 424) and Denham (ibid., p. 833) found 
hat the hydrogen electrode behaves anomalously in solutions of 
ead, cadmium, and univalent thallium salts, owing to catalytic 
eduction of the kations to a state of lower valency. These observ- 


tions have been confirmed by the author. It was, however, 
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thought just possible that by having a suitable layer of platinum 
black, electrodes might be prepared which would not react with 
these kations; but numerous attempts to do so were fruitless. In 
view of the fact that the hydrogen electrode is affected by lead ions 
in solution, it is remarkable that the lead which is usually deposited 
with the platinum black does not render the electrode useless ; in 
fact, its presence in the latter seems to increase its efficiency as far 
as titration work is concerned. Denham and Allmand proved 
conclusively that lead in the electrode is absolutely without any 
deleterious effect, for they deposited electrolytically a layer of lead 
on a hydrogen electrode and found that the electrode still gave 
correct results. | | 


Previous Investigations with the Hydrogen Electrode in Inorganic 
Chemistry. 


The only observations relating to reactions similar to those now: 
described appear to have been made by Bjerrum (Z. physikal. 
Chem., 1907, 59, 336; 1910, 73, 724), Sand and Grammling (ibid., 
1908, 62, 1), Hildebrand and Harned (Orig. Com., 8th Internat. 
Cong. Appl. Chem., 1912, 1, 217), Hildebrand (J. Amer. Chem. 
Soc., 1913, 35, 847), Blum (ibid., p. 1499; 1916, 38, 1282), and 
Hildebrand and Bowers (ibid., 1916, 38, 785). 

Denham (J., 1908, 93, 41; Z. anorg. Chem., 1908, 57, 388) 
employed the electrode extensively for the determination of the 
hydrolysis of salts. Steady H.M.F.’s were obtained in some cases; 
in others, they oscillated haphazardly from day to day, showing in 
the case of M/64-thorium sulphate solution that the degree of 
hydrolysis, calculated to the second step [?.e., to Th(OH),SO,] 
varied from 23 to 59%. The author has not observed any such 
changes with M/100-solutions of either the sulphate, chloride or 
nitrate at 15°, even after the solutions had been kept in stoppered 
bottles for several weeks. The following data show that the three 
salts are almost equally hydrolysed, the extent being half the 
lowest value obtained by Denham for M/64-thorium sulphate 
solution. ; 

E.M.F. of H, electrode Percentage hydrolysis 


Salt. against normal calomel. cale. to Th(OH),. 
PNUBE ELON. 40 dahise bata tie tales 0-434 5-70 
CUUGIILS fe cncevesatneven onan any s 0-435 5-47 
STL) 5's ee alata ae slate 0-437 5:04 


Electrometric Titrations with the Hydrogen Electrode. 
(1) Effect of Concentration, Anion, and Precipitant on the Hydrogen- 
ion Concentrations required for the Precipitation of Hydroxdes.— 
Experiments were carried out to see what was the effect of change 
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in concentration of salt. The following table gives the py values 
at which thorium hydroxide began to be precipitated by N/10- 
sodium hydroxide at 15° from solutions of thorium nitrate ranging 
in concentration from M/1000 to M/100. 


L.M.F. of H, electrode 


Concentration. against normal calomel. pH: 
0-001M 0-489 3°60 
0-002M 0-488 3°58 
0-01M 0-487 3:57 


The difference in pg is thus very small and this range of concen- 

trations covers those usually employed in analytical work. 
Hildebrand found that the py’s required for the precipitation of 

neodymia and praseodymia from nitrate solutions were widely 
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C.c. of alkali. 
(0°1016 N-NaOH, curves 1, 2and3. 0°1115 N-NH,OH, curve 4). 


different from those required in the case of chloride solutions, and 
he attributed this difference to the nature of the anion (see Part ITI). 
The effect of the anion and of the nature of the precipitant has been 
studied more fully in the case of thorium salt solutions, and again 
precipitation commenced at the same py in all cases (Fig. 1). 
Curves 1, 2, and 3 represent the titrations of 100 c.c. of M/100- 
solutions of thorium nitrate, chloride, and sulphate respectively, 
with 0-1016N-sodium hydroxide, and curve 4 that of 100 c.c. of 
M /100-thorium nitrate with 0-1115N-ammonium hydroxide, at 15°. 
The commencement of precipitation, i.e., the first appearance of 
surbidity, is shown by arrows. As a rule, the H.M.F.’s were steady 
in some cases an hour elapsed before the next reading was taken), 
: 
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but they were not always so in those stages of the titration which 
indicated the rapid changes in hydrion concentration occurring at 
the end of the precipitation. The last section of curve 1 repre- 
sents a gradual diminution in hydrion concentration and the 
readings were stationary during the intervals (5 to 15 minutes) 
allowed for the attainment of equilibrium. Curve 2, chloride, shows 
a sudden yet well-defined change, but in the case of the thorium 
sulphate titration (curve 3) the change was irregular and long 
periods’ were necessary before constant readings were obtained. 
Appreciable amounts of alkali had to be added before the com- 
mencement of precipitation, and thereafter, in the case of the 
nitrate and the chloride solutions, there was a distinct tendency 
for a constant »q to be maintained during the addition of the 
greater portion of the alkali. It is probable that this corresponds 
to the separation oi a precipitate of uniform composition. 

In neither case was thorium hydroxide precipitated as such. 
Fig. 1 shows that precipitation was complete and the mother- 
liquors had become alkaline some time before the stoicheicmetrical 
quantities of alkali had been added. The following table gives the 
amounts of alkali which were added before precipitation ensued 
and the amounts of alkali which had to be added before the 
solutions became neutral (pg 7). 


Precipitation began 


————. Equivs. of alkali 
Solution and Equivs. of required for 
Curve. precipitant. Dy. alkali. neutrality. 
1 Th(NO,), and NaOH 3°57 1-85 3°43 
2 ThCl, and NaOH 3°51 1:30 3-58 
3 Th(SO,), and NaOH 3-53 0-78 3°31 
4 Th(NO,), and NH,O0H 3°57 2°21 3°24 


The last column of the above table shows that the precipitate 
formed in each titration was basic, being somewhat less so when 
the precipitant was ammonia. Thus the amount of precipitant 
required to render the solution neutral in titration No. 4 indicates 
that the composition of the precipitate was Th(OH)s3.4(NOs3)o-7¢; 
whereas in No. 1, where sodium hydroxide was used, it was 
Th(OH)s3.43(NQ3)9-5,- The protracted inflexions produced during 
the last stages of precipitation show that the precipitates at first 
formed were less basic and suffered some decomposition on further 
addition of alkali. This seems to have taken place readily in the 
cases of the nitrate and the chloride, but the slowness with which 
apparent equilibrium was attained in the second part of the sulphate 
titration indicates that the basic sulphate was undergoing hydrolysis 
with much greater difficulty. It seems almost unnecessary to say 
that the amounts of acid radical retained by these precipitates 
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were too great to be accounted for by adsorption from such dilute 
solutions. These precipitates were not completely decomposed even 
when excess of alkali was added. 

Halla (Z. anorg. Chem., 1912, 79, 260) made a similar observation 
with thorium nitrate solutions. He found that at room temperature 
the solution became alkaline to phenolphthalein on the addition of 
3°54 equivalents of potassium hydroxide, and on boiling, with 3-60 
equivalents. 

Another remarkable fact arising from these titrations is that 
alkali ranging in amounts from 0-78 to 2-21 equivalents to one 
molecule of thorium salt had to be added before the appearance of 
a precipitate. These amounts, which vary with the nature of the 
anion and the precipitant, do not permit of a guess as to the way 
in which the thorium hydroxide, or basic complex, is held in solution 
until the attainment of the pg requisite for precipitation. Accord- 
ing to Ordway (Amer. J. Sci., 1858, 26, 197), Berzelius observed 
that when alkali was added to a thorium sulphate solution pre- 
cipitation was delayed owing to the formation of what appeared to 
be wn soussel soluble. Ordway directed attention to several other 
examples of “soluble basic salt ’’ formation. It will be shown in 
the course of this series of papers that these so-called soluble basic 
salts exert a pronounced influence on some of the reactions of the 
metals of which they are characteristic. It is surprising that 
“soluble basic salts’ are generally formed by those metals the 
valencies of which are greater than two, although this is the case 
neither with the tervalent rare-earths nor with bivalent beryllium, 
which has a remarkable property of forming these basic solutions. 

(2) The Precipitation of the Hydroxides of Magnesium, Manganese, 
Cobali, Nickel, and Ferrous Iron.—The following table gives par- 
ticulars of the solutions used in typical titrations, together with 
the amount of alkali required to cause incipient precipitation. 
The courses of the titrations are shown in Fig. 2. 


Titr- C.c. of 
ation NaOH Precipitation first began 
| and | Solution Norm- theoretic- §=———————~ 

curve titrated. ality of ally C.c. of 
~ No Temp. 100 C.c. NaOH. required. E.M.F. Or: NaO#. 

1 16° 0:025M-MgSO, 0-0990 50- 0-885 10-49 1:6 

im. 2 18 0-024M-MnCl, 0-0900 54:0 0-770 8-41 1-0 
7-3 18 0-0247M-CoCl, 0-0900 54-8 0-676 6-81 0-9 
4 17 +0-025M-NiCl, 0-0967 51:7 0-666 “6-66 0-6 
ae 5 17 0-025M-FeSO, 0-0990 50:5 0-599 5-49 0-8 


In contrast with the thorium salt titrations, the first few drops 
‘of sodium hydroxide caused a rapid diminution in hydrion concen- 
tration until a value was obtained at which precipitation com- 


menced. Thereafter, precipitation proceeded with very little change 


+ 
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in pz until the separation was nearly complete. The titration of 
ferrous sulphate solutions was a matter of some difficulty. As is 
well known, manganous and ferrous hydroxides on exposure to air 
readily become oxidised, and consequently the titrations involving 
their precipitation were performed in vessels which were stoppered 
as far as possible. Even so, it was not possible to prevent some 
oxidation from taking place, although plenty of hydrogen was 
passing through the solutions. The curves, however, were repro- | 
ducible and there is little doubt that the voltage readings indicated 
correctly the changes in hydrion concentration. Further support 


Fic. 2. 
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C.c. of NaOH. 
for the belief that the electrodes were behaving normally may be 
found in the following observations. Atkins (Trans. Faraday Soc., 
1923, 418, 310) found colorimetrically that the precipitation of 
manganous hydroxide from manganous chloride solutions took place 
between xz 8-6 and 9-2 and of ferrous hydroxide from ferrous 
sulphate solutions between py 5:1 and 7-6. Patten and Mains — 
(J. Assoc. Off. Agric. Chem., 1920, 4, 233) gave pg 5-5 to 6-0 for 
ferrous hydroxide. 

Precipitation was again complete in each case some time before 
the theoretical amount of alkali had been added. Curve No. I, 
magnesium sulphate, shows that the final infiexion began when 
1-64 equivalents of sodium hydroxide had been added The gradual 
slope of the inflexion was evidently due to the partial decomposition 
of the basic sulphate, originally precipitated. A similar inflexion, 
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but steeper, took place in magnesium chloride titrations. Hilde- 
brand and Harned (loc. cit.) and Hildebrand (loc. cit.) have also 
studied by means of the hydrogen electrode the precipitation of 
magnesium hydroxide and have suggested that the electrometric 
titration of hydrochloric acid solutions of dolomite might be used 
for the estimation of the magnesia with an accuracy of about 1%, 
despite the fact that the values obtained by them showed a variation 
of 5%. The difficulty is that magnesium hydroxide is not pre- 
cipitated simply from either chloride or sulphate solutions to give. 
sharp inflexions, but indefinite basic precipitates are formed which 
give poorly defined inflexions; this renders it impossible to assign 
a point on the curve which exactly corresponds to the neutralisation 
of all the acid which was originally combined with the magnesium 
hydroxide. According to Kolthoff (Rec. trav. chim., 1922, 41, 787), 
Pinkof (Thesis, Amsterdam, 1919, p. 34) has investigated the 
electrometric estimation of magnesia by means of the Hg|HgO|Alkali 
electrode, but obtained unsatisfactory inflexions, even when an 
excess of alkali was added and the free alkali afterwards titrated. 
Kolthoff recommended shaking the magnesium salt solution with 
an excess of alkali and allowing to stand so as to render the decom- 
position of the basic salt as complete as possible before titration. 
Precipitation was complete from (a) manganous chloride solution 
—curve 2—on the addition of about 1-93 equivalents of sodium 
hydroxide, (b) cobalt chloride solution—curve 3—1-75 equivalents, 
(c) nickel chloride solution—curve 4—1-66 equivalents, and (d) fer- 
rous sulphate solution—curve 5—-1:71 equivalents. Pickering (J., 
1907, 91, 1981) observed that complete precipitation had taken place 
from ferrous sulphate solutions at the point where they became alkaline 
to phenolphthalein, and this was when sodium hydroxide had been 
added in amounts which varied from 1-77 to 1-86 equivalents. 
He considered this sufficient justification for the assertion that the 
precipitate was a definite basic salt, 10FeO,SO,. In the present 
titration the alkali required was somewhat less, probably owing to 
the slowness with which it was added (a period of 2 hours), which 
saused the precipitation of a sulphate less basic than Pickering’s. 
Although basic precipitates were always produced, it is possible 
© calculate from the curves the values of the solubility products 
xf the hydroxides, which are in good agreement with those obtained 
vy other methods. As a rule, precipitation began somewhere near 
he point of the first inflexion, although often at a pg which was a 
ittle less than that at which the main precipitation took place. 
Chis was probably due to the precipitate having been formed at a 
joint in the solution where the precipitation value of py had been 


emporarily exceeded, and time not having been allowed for its 
4 B* 
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re-solution. If, therefore, the two straight portions of the curve 
be produced, it is probable that the point of intersection corresponds" 
more nearly to the amount of alkali which had to be added to 
produce incipient precipitation, and also to the actual hydrion 
concentration at which precipitation under ideal conditions 
would commence. This point represents the limiting conditions 
necessary to form a precipitate. The concentration of metal ions — 
can be calculated from the amount of alkali, and K, at 18° being 
0-73 « 104, the concentration of hydroxyl ions can be found. 
Columns 2 and 5 in the following table give the co-ordinates of © 
these points for the curves shown in Fig. 2. | 


C.c. of 
No. H.M.F. O30 Pon: NaOH. Cy. x 104. [Me™ ][OH’}?. 
rf 0-892 10-61 3°52 0-5 25. 2-3 x 100 = [Mor OH 
2 0:794 8-85 5:27 1:0 4:5 1-3 x LO@* = Mins LOR a 
3 0-680 6-92 7-22 1:0 4-5 1-6 x 10-18% == [Co [OH 
4 0-675 6-81 7-32 0:8 39 8-7 * 10% = [Nav yOn 
5 0-615 5:77 8-37 0-6 30 45 x 10? = {Fev [OH 


The method is, of course, open to the objections (a) the difficulty — 
of estimating accurately the amount of alkali required, and (6) the 
fact that basic salts were actually precipitated which may have 
had some effect on both the hydroxyl- and the metal-ion con- 
centrations. | 

As a result of their conductivity determinations at 18°, Kohl- 
rausch and Rose (Z. physikal. Chem., 1893, 12, 241) obtained a 
value of 3-4 x 10" for the solubility product of magnesium 
hydroxide. Calculation from the solubility data of Lovén (Z. anorg._ 
Chem., 1896, 41, 404) gives values ranging from 2-7 to 9-2 x 104. 
These values are of the same order as the one obtained in this _ 
work. | 

Sackur and Fritzmann (Z. Elektrochem., 1909, 45, 845) carried 
out a conductimetric titration of manganous sulphate with barium | 
hydroxide and obtained the value 4 x 107% for [Mn”][(OH’/?, in 
agreement with the value 1:3 <x 104, given in the table. | 

No values appear to have been found for the hydroxides of coball | | 
and nickel. Those reported for ferrous hydroxide are very dis- | 
crepant; Miiller (Z. Hlekirochem., 1908, 14, 77) records 1-64 x 104 
at 18°, and Krassa (ib:d., 1909, 45, 491) 8-7 x 1074. On the 
other ae Miller (‘‘ Das Eisen und seine Verbindungen,”’ 1917, | 
pp. 180, 199) calculated, from Bodlander’s formula (Z. physikal. 
Chem., 1898, 2'7, 66), which involves the heat of formation of 
ferrous hydroxide and the decomposition potentials of the two | 
ions, the value 2-51 x 10?!, which is in remarkable agreement 
with the value 4:5 « 10°! given by titration. The observations of 
Hildebrand (J. Amer. Chem. Soc., 1913, 35, 847) on the titration of 
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ferrous sulphate are in no way similar to the present ones, for the 
precipitation of ferrous hydroxide did not commence until a con- 
siderable proportion of alkali had been added. 

These curves throw considerable light on the function of am- 
monium salts in preventing the precipitation of certain hydroxides. 
The addition of ammonium salts to ammonia may be such that the 
Pu is depressed below the precipitation value of either magnesium 
or manganous hydroxide. The approximate hydrogen-ion concen- 
tration of a solution containing ammonium hydroxide and am- 
monium chloride is given by 


[H ] had [N H,ClUA w 
~ [NH,OH]Kwx,o’ 


where K,, = 107414 and Kyz.oz = 10% at 18°. 

If ammonium chloride is regarded as being completely dissociated, 
the minimum number of molecules of ammonium chloride to be 
added to each molecule of ammonia to increase the hydrion concen- 
tration to that required just to start precipitation of (a) magnesium 
hydroxide is 0-08, (6) manganous hydroxide, 4:5, (c) cobaltous 
hydroxide, 380, and (d) hydroxides of nickel and ferrous iron, still 
more. In analytical processes, the condition for the prevention of 
the precipitation of the hydroxides of magnesium and manganese 
is easily satisfied, but the sole cause of the partial or non-precipit- 
ation of the other hydroxides is the magnitude of the quantities of 
ammonium chloride that must be added. Herz (Z. anorg. Chem., 
1900, 23, 227) believed that the behaviour of ammonium chloride 
in depressing the hydroxyl-ion concentration was also the cause of 
the non-precipitation of zinc hydroxide, but, as will be shown in 
the next paper, zinc hydroxide is precipitated while the mother- 
liquor is still very slightly acid and consequently its precipitation 
could not be affected by the ammonium salt in the same way as in 
the foregoing instances. It is more probable, as has been suggested 
by several investigators, that it is the ammonia itself which main- 
ins the hydroxides of zinc, cobalt, and nickel in solution through 
the formation of complex ions. No explanation, however, appears 
30 be forthcoming to account for the small effect which ammonium 
shloride has on the precipitation of ferrous hydroxide. The 
‘esearches of Lovén (loc. cit.), Treadwell (Z. anorg. Chem., 1903, 
7, 326), and Herz and Muhs (ibid., 1904, 38, 138) have all led to 
he conclusion, given more directly by these titrations, regarding 
he influence of ammonium salts in preventing the precipitation of 
hagnesium hydroxide. There are no grounds for attributing it to 
he formation of a complex magnesium anion—an explanation 
vhich is still to be found in some text-books. 
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Summary. 


(1) The reactions between sodium hydroxide and solutions of 
magnesium, bivalent manganese and iron, cobalt, nickel and thorium 
salts have been studied by means of the hydrogen electrode. 

(2) In every case, the precipitate of hydroxide contained an 
appreciable proportion of unattacked acid radical. 

(3) Hydrogen-ion concentrations, which are peculiar to the various 
hydroxides, are independent of both the anion and the precipitant, 
and are only slightly influenced in dilute solutions by changes in 
concentration of the metallic salts, have to be attained before any 
particular hydroxide can be precipitated. 

(4) The dependence of these hydrion concentrations on the 
solubility products of the different hydroxides has been shown by 
calculation, from the respective titration curves, of solubility pro- 
ducts which are in agreement with values obtained by other methods. 

(5) The well-known effect of ammonium salts in preventing the 
precipitation by ammonium hydroxide of magnesium and man- 
ganous hydroxides has been shown, more directly than has been 
the case hitherto, to be due to the incapacity of ammonia to produce 
hydrogen-ion concentrations which are less than those necessary 
for the precipitation of the respective hydroxides, provided that 
the ratio of ammonium salt to ammonia be sufficiently large. 
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CCLXXXVIII.— Electromeiric Studies of the Precipit- 
ation of Hydrovides. Part II. The Precipitation 
of the Hydroxides of Zinc, Chromium, Berylliwm, 
Aluminium, Bivalent Tin and Zirconium by Use 
of the Hydrogen Electrode, and their Alleged 
Am*photeric Nature. 


By Huperr Tuomas Sranuey Brirron. 
In this part of the work, those hydroxides, including zirconium | 
hydroxide, which are generally supposed to have both basic and 


acidic properties have been studied, first with respect to their, 


ved 
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precipitation, and secondly with, respect to the changes in hydrion 
concentration produced when they react with sodium hydroxide 
in various proportions. It is very doubtful whether zirconium 
hydroxide is amphoteric; Hildebrand (J. Amer. Chem. Soc., 1913, 
35, 847), however, has obtained electrometric evidence for the 
existence of zirconates. 

Alumimum and Beryllium Hydroxides.—Hildebrand (loc. cit.) 
and Blum (iézd., p. 1499) observed that on titrating aluminium 
salt solutions with sodium hydroxide, using the hydrogen electrode, 
a characteristic inflexion was produced in the curve which corre- 
sponded to the formation of sodium monoaluminate. It was 
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therefore decided to see if inflexions were also given in the titration 
curves of the other so-called amphoteric hydroxides. 

The following two solutions (100 c.c.) were titrated at 17°, and 
the #.M.F.’s of the hydrogen electrode compared with that of the 
normal calomel electrode, saturated potassium chloride solution 
being the junction liquid. The curves are given in Fig. 1. 


C.c. of NaOH Precipitate first appeared. 


Normality theoretically C.c. of 

Soln. titrated. of NaOH. required. £.M.F. py. NaOH. 
0-00667M-A1,(SO,); 0-090 44-4 0-521 4-14 5-0 
0-02M-BeSO, 0-090 44-4 0-610 5-69 23-0 


Neither Hildebrand nor Blum directed attention to the fact 
that precipitation was complete before the theoretical amount of 
ulkali had been added. ‘The present titration (Fig. 1) shows that 
precipitation did not begin until 5 c.c. of alkali had been added, 
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when the dissolved aluminium sulphate had attained the com- 
position given by the formula Al,0,,2-65803;, and was complete 
when 42-2 c.c. (= 5:7 equivalents to 1 mol. of Al,O3) of alkali had 
been added, thereby showing that the basic precipitate contained 
Al,03,0-158O,. Williamson (J. Physical Chem., 1923, 27, 284) 
found that the precipitates formed by the addition of 2 to 4 equiv- 
alents of sodium hydroxide were of nearly constant composition 
and approximated to Al,0,,0-6SQ,,3H,O. Miller (U.S. Public 
Health Reports, 1923, 38, 1995) investigated the precipitation from 
aluminium sulphate solutions by means of alkali and measured 
the variation in the ~g of the mother-liquors colorimetrically. For 
additions of sodium hydroxide up to 5 equivalents, the precipitates 
were similar in composition to those of Williamson, the pg varying 
from 4:0 to 5:5. The curve shows that this was the variation in 
hydrion concentration during the addition of the first 5 equivalents 
of sodium hydroxide (= 37-0 c.c.) and save for that portion of the 
curve which corresponds to the addition of the fifth equivalent— 
between 29-6 and 37-0 c.c.—the gradient of the curve is both 
uniform and gradual such as would be expected if the precipitate 
formed were of uniform composition. Miller found that the greatest 
insolubility of the precipitate occurred when 5-5 equivalents of 
sodium hydroxide had been added and a hydrion concentration 
between 10°? and 107 had been reached. ‘This state corresponds 
to the maximum decomposition of the basic sulphate which was 
first precipitated. 

The amount of alkali required to form sodium aluminate, NaA1Q,, 
was 59-2 c.c., and although a trace of precipitate remained undis- 
solved when that amount had been added, the solution became 
quite clear on the addition of a further 2 c.c. of alkali. During 
the process of re-solution of the aluminium hydroxide, there was a 
marked depression in the hydroxyl-ion concentration as shown by 
the inflexion of the curve which was similar to that previously 
observed by Hildebrand and by Blum. This inflexion seems to 
provide definite evidence for the existence of an aluminate in 
solution. As will be shown, in no other instance of the so-called 
amphoteric hydroxides is such an inflexion produced. Incidentally, 
in all cases the amounts of alkali required to dissolve the hydroxides, 
except that of zirconium, which does not dissolve, are considerably 
in excess of that denoted by the formule of the salts which have 
been said to be formed. In the case of aluminium hydroxide only 
is the amount of alkali required for its re-solution approximately 
equal to that suggested by the formula, NaAlO,, and is also inde- 
pendent of the concentration of the sodium hydroxide used (com- 
pare Britton, Analyst, 1921, 46, 363). It is possible that the other 
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hydroxides may be acidic in their behaviour towards alkalis, but 
to so small an extent that the hydrogen-ion concentration of the 
alkali solution is scarcely affected. 
The other curve in Fig. 1, which represents the titration of 
beryllium sulphate, has two distinct sections in the acid zone. 
_ Precipitation was delayed until the beginning of the second section 
had been reached, when 1-04 equivalents of sodium hydroxide had 
been added. Thus the beryllium sulphate had to be rendered 
basic to the extent shown by the formula BeSO,,Be(OH),, before 
a precipitate began to separate. Although the beryllium sulphate 
had become so basic, the solution remained perfectly clear and 
betrayed no sign of colloidality. Calculation from the analytical 
data of Parsons (J. Amer. Chem. Soc., 1904, 26, 1433) for the 
liquid. phases saturated with respect to basic beryllium sulphate 
reveals that the liquid phases all contained soluble basic sulphate 
whose composition appeared to be independent of the concen- 
trations used, viz., from 0-38 to 2:86% of beryllium oxide. The 
average ratio of beryllium oxide to sulphate in twenty-two liquid 
phases was BeO,0-547SO,, the ratio appearing to have varied 
haphazardly from 0-508 to 0-622 mol. of SO,. (In making these 
calculations the analyses of two liquid phases were discarded, for 
it seemed certain that the solutions could not have attained any- 
thing approaching equilibrium.) Parsons’ solution thus contained 
a little less beryllium hydroxide than was the case with this solution 
while undergoing titration. The fact that there was a marked 
infiexion in the hydrion curve just at the stage when the first half 
of the stoicheiometric amount of sodium hydroxide had been 
added seems to indicate some fundamental difference between the 
first and second hydroxyl groups of beryllium hydroxide which 
gives rise to the formation of soluble basic salts in which the first 
beryllium valency is attached to the weaker hydroxide group. It 
must be stated, however, that concentrated solutions of beryllium 
sulphate can be rendered still more basic to the extent of 2 mols. 
of Be(OH), to 1 mol. of BeSO,. It is probable, whether the basic 
sulphate does or does not exist in solution as a definite chemical 
compound, that the solution is mainly colloidal in nature, in spite 
of the fact that it is clear and is not coagulated by electrolytes. 
The colloidal aggregates of beryllium hydroxide which probably 
exist in some type of combination with the sulphate groups appear 
to be capable of ionisation, although to a less extent than would 
have been the case had the sulphate radicals been united with 
beryllium simply. If these basic solutions happen to be examples 
of colloidal electrolytes, it would be expected that the dissolution 
of beryllium hydroxide in a beryllium sulphate solution, being 
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brought about by the formation of aggregates of the beryllium 
hydroxide and the beryllium sulphate, would be accompanied 
either by a diminution in the number of osmotically active particles, 
partly present as an ionisable colloid and partly in true solution, or, 
in the extreme and improbable case, by no change in the number. 


Some support for this view is to be found in the observations of _ 


Parsons, Robinson, and Fuller (J. Physical Chem., 1907, 11, 651), 


who found that the effect of dissolving beryllium hydroxide in 
solutions of beryllium sulphate was to raise the freezing point and — 


to reduce the conductivity. 


Precipitation of beryllium hydroxide was complete when 1:91 __ 


equivalents of sodium hydroxide (= 42-5 c.c.) had been added, the 
precipitate containing therefore BeO,0-045SO0,. The contents of 
the solid phases obtained by Parsons (vide supra) in his study of 
the 25°-isotherm of the ternary system BeO-SO,-H,O show that 
they contained between 0-034 and 0-048 mol. of SO, to each mol. 
of BeO. 

The re-solution of the beryllium hydroxide was not complete 
when 90 c.c. of alkali had been added, which amount was a little 
in excess of that required to form sodium beryllate, Na,BeO,, 
neither did the titration curve give any indication that combination 
had taken place. 

Hydroxides of Zinc, Chronium, Bivalent Tin, and Zircomum.— 
The titration curves are given in Fig. 2 and the particulars of the 
solutions in the following table. The temperature was 18°. 


C.c. of NaOH Precipitate first appeared, 


Soln. titrated Normality theoretically C.c. of 
(100 e.c.). of NaOH. required. H.M.F. gq. NaOH. 
0:0251M-ZnSO, ............ 0-090 55-55 0-583 5-20 0-6 
0:005/-Cr,(SO,),,K,SO, 0-100 My ko ea © 0-591 5:34 10-0 
(violet) 
0:020M-SnOl, . .v.c.t.s.20. + 00932 42-9 — = or 
O10 LN Oy iyi s eapaeee | (OOD HCl = 11-1 Opalescent 1-86 27-5 
and at 0-390 
O00 TM “Zr Oly occ. ste, bebe — Total = 55-5 Ppt. at 2-79 47-5 
0-444 


The curve representing the precipitation of zine sulphate with 
sodium hydroxide shows that a basic sulphate was obtained. Pre- 
cipitation was complete when 1-53 equivalents of alkali had been 
added, which may have been due to the separation of a basic sulphate, 
Zn8O,,3Zn0. Pickering (J., 1907, 91, 1981), who found that 
precipitation was complete and the solution had become alkaline 
to phenolphthalein when 1-59 equivalents of alkali had been added, 
concluded that the basic sulphate ZnSO,,4ZnO had been produced. 
As in other cases, the amount of alkali required was determined 
by the rate at which it was added, it appearing to be a rule that 


ie 
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the more slowly the alkali is added the less basic is the precipitate ; 


this, once formed, is decomposed slowly by further additions of 
alkali. This no doubt accounts for the greater amount of alkali 
required by Pickering. It is almost certain that the precipitate 
formed does contain at least one definite basic salt, but the evidence 
at present available is insufficient to establish its individuality. 
Of the basic sulphates which have been described, that, with vary- 
ing water contents, suggested by the titration seems to be the 
one described by the majority of workers, among whom may 
be mentioned Graham (Phil. Trans., 1837, 127, 47). 


Fig. 2. 


Hydrogen-ion concentration. 


Sodium hydroxide began to produce a precipitate from zinc 
sulphate solution at pg 5-2. It was shown in Part I that the solu- 
bility products of magnesium and manganous hydroxides calculated 
from the titration curves compare satisfactorily with those given 
by other methods, in spite of the fact that the precipitates actually 
obtained are basic. If the method be applied to the zinc titration, 
a value is obtained which is considerably at variance with the 
recorded values. Thus the extrapolated #.M.F. at 18° = 0-600 
volt, therefore pp = 5-48, and the extrapolated amount of 0-090N- 
sodium hydroxide = 0-8 c.c., therefore Cz,°° = 3:6 x 10%, and 
consequently [Zn ][OH’]}? = 10°! approx. The values so far 
recorded are those by Herz (Z. anorg. Chem., 1898, 23, 227) and 


Bodlander (Z. physikal. Chem., 1898, 27, 66), who found the solu- 


bility of zinc hydroxide to be 2-6 and 2-5 x 10% gram-mol. per 


> oe. « 
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litre respectively, from which the respective solubility products 
1-8 and 1:6 x 10™ are obtained. These values appear to be 
incorrect, for if correct they would correspond to a hydrogen-ion 
concentration of about 10° at which zinc hydroxide would be 
precipitated, as is the case with manganous hydroxide, whose 
solubility product is 1:3 x 104. It will be shown in a later paper 
dealing with the precipitation of basic zinc salts—chromates, 
carbonates—that such a hydrion concentration could not possibly 
be correct. : 
Complete re-solution of the zinc hydroxide did not take place 
in the course of the titration, although more than two molecules 
of sodium hydroxide were added in excess of that required to 
form zinc hydroxide. These measurements give no insight into 
the acidic nature of zinc hydroxide, no inflexions having appeared 
when either 83-3 or 111-1 c.c. of alkali, the amounts required to 
form the zincates having the respective formule NaHZnO, and 
Na.ZnO,, had been added. Calculation, however, shows that the 
concentration of hydroxyl-ions in the alkaline solutions was slightly 
less than would have been the case had no substances other than 
the alkali been present. For example, the pg of the solution 
containing the alkali required to form NaHZnO, was 12-06 as 
compared with the calculated value 12-25. It is probable that the 
diminution in hydroxyl-ion concentration was due both to some 
chemical action and to adsorption having taken place. This view 
is supported by the conductivity measurements of Chatterji and 
Dhar (Faraday Soc., “‘Symposium on Colloids,’ 1921, p. 128), 
who state that whereas the conductivity of sodium hydroxide was 
not appreciably changed by the addition of the majority of ampho- 
teric hydroxides, the change when zinc hydroxide was added was 
pronounced. Similar observations were made by Carrara and 
Vespignani (Gazzetia, 1900, 30, 35) with potassium hydroxide 
solutions of zinc hydroxide. Hildebrand and Bowers (J. Amer, 
Chem. Soc., 1916, 38, 785) studied with the hydrogen electrode 
the reaction of alkalis with certain zinc salts and they claim to 
have obtained distinct evidence of the existence of monobasi¢ 
zincic acid, HHZnO,, for they found a sudden increase in pz at the 
point where the amount of sodium hydroxide added was that 
required for the formation of NaHZnQO,. Repeated titrations have 
been made by the author on zine salt solutions of the concentration — 
used by Hildebrand and Bowers, but hitherto their observation 
has not been confirmed. It is interesting to recall that since 
Hildebrand and Bowers’s paper appeared Goudriaan (Proc. K. Akad. 
Weiensch. Amsterdam, 1919, 22, 179) has investigated the isotherm 
at 30° of the ternary system Na,O0-ZnO-H,O and has found that 
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the only salt of sodium and zinc hydroxides is Na,ZnO,,4H,0, 
which happens to exist in equilibrium with concentrated sodium 
hydroxide solutions containing from 27-8 to 39-2% of Na,O. This 
salt is decomposed by water and so are the liquid phases with 
which it exists in equilibrium, for on dilution they deposit zine 
hydroxide. 

Chrome alum was chosen for the titration of the chromium 
salt, as it dissolves to give the normal violet solution. No pre- 
cipitate was formed until one-third of the stoicheiometric amount 
of sodium hydroxide had been added—the py having previously 
rapidly increased until the precipitation yg had been reached. The 
amount of alkali required to cause the beginning of precipitation 
seems to suggest that the basic salt retained in the solution had 
the formula Cr(OH)SO,. It is probably a coincidence, for dissolved 
chromium sulphate can be rendered more basic and still remain in 
solution. The curve shows that the mother-liquor became alkaline 
when 27-5 c.c. (= 5:5 equivalents) of alkali had been added—an 
amount pointing to the final composition of the precipitate being 
Cr,0,,0:25SO,. Williamson (J. Physical Chem., 1923, 27, 384) 
found, by adding varying amounts of sodium hydroxide to a 
decimolar solution of chrome alum, that when from 2 to 5 equiva- 
Tents of alkali are added to one molecule of chrome alum the pre- 
cipitates are almost constant in composition, Cr,0,,0-7SO0,,3-6H,O, 
‘but when 6 equivalents are employed the precipitate is still more 
basic, as shown by the formula Cr,0,,0-2880,,3-18H,0. This 
formula is similar to that indicated by the titration. Thus it appears 
‘that during the steady increase in pg occurring while from 10 to 
22 c.c. of alkali were being added a basic sulphate of approxi- 
mately constant composition was being formed, which after pre- 
cipitation became more hydrolysed by the further addition of alkali. 

The titration curve affords no evidence of the constitution of 
alkaline solutions of chromium hydroxide, although the amount 
of alkali which was added was in excess of that required to form 
Na,CrO,. The amount of alkali was insufficient to dissolve the 
chromium hydroxide.. The potential differences obtained in the 
alkaline solutions pointed to hydroxyl-ion concentrations which 
were a little less than those obtained by calculation. The differ- 
‘ence may probably be accounted for by adsorption by the chromium 
hydroxide or possibly by some little union having taken place. 
Fricke and Windhausen (Z. anorg. Chem., 1924, 132, 273) also 
have shown that there is a slight difference in hydroxyl-ion con- 
centration observable between sodium hydroxide solutions and 
‘those of chromium hydroxide in sodium hydroxide of the same 
‘Concentration when measured by the Hg|HgO electrode. 
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Electrometric titrations were now carried out on violet and 
green solutions of chromium salts to see if some clue to the difference 
of colour could be discovered. The Werner co-ordination theory 
is generally held to give the most plausible explanation of the 
violet and green forms. Werner and Gubser (Ber., 1901, 34, 1579) 
first applied the theory to chromium chloride, and quite recently 
Lamb and Fonda (J. Amer. Chem. Soc., 1921, 43, 1154) referred 
to its application to chromium salts as ‘“‘ perhaps the most striking — 
exemplification of the Werner theory of molecular structure.” It 
is therefore surprising that the evidence on which Werner and _ 
Gubser based their views is quite unconvincing, and indeed, the 
difference might well be due to the existence in the green solutions _ 
of basic aggregates which are essentially colloidal in nature. The 
low conductivity of solutions of the green form of chromium 
chloride was regarded as evidence of the dissociation of a binary 
salt, (CrCl,,4H,O)CL2H,O. The abnormal molecular weights caleu- 
lated from the depression of the freezing point were supposed to — 
supply fundamental evidence for this structure of the green form, — 
for they happened to be of the order of one-half the molecular — 
weight of hexahydrated chromium chloride. It is strange that the 
weight of six molecules of water should have been included in the 
latter molecular weight, seeing that four molecules only are supposed — 
to be present in the nucleus of the complex chromium kation. 
The observed molecular weights of the violet chromium chloride 
were of the order of one-quarter of that of the hexahydrated salt, — 
and this was taken as being due to (Cr6H,O)Cl,. The results show, — 
however, that the observed molecular weights of the violet chloride — 
in the more dilute solutions are somewhat too high—this may be 
regarded as due to incomplete ionisation—but it is surprising to — 
find that the agreement between the observed and the theoretical — 
values becomes perfect for a 12% solution, in which the dissoci- _ 
ation must be far from complete. Werner and Gubser tried to 
confirm the view that only one chlorine atom in the green form — 
was ionisable and therefore precipitable with silver nitrate, but 
always found that the amounts precipitated were greater than that _ 
corresponding to one atom, even in rapid estimations carried out 
at 0°. Similar observations have also been made on the incom- — 
plete precipitation with barium chloride from green chromium 
sulphate solutions. It is difficult to reconcile with the co-ordin- 
ation theory the observations of Weinland and Koch (Z. anorg. 
Chem., 1904, 39, 296) on the precipitability of chlorine from green ~ 
chromium chloride solutions with various silver salts, both in — 
presence and in absence of free acid. The amount of chlorine 
precipitated depended on the nature and the quantity of the 
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particular silver salt used; without the addition of acids, all the 
silver salts precipitated at least two-thirds of the chloride. The 
presence of nitric acid had the effect of diminishing the amount of 
chloride liberated, whereas the silver salts of weak acids, such as 
acetic, lactic and nitrous, and silver sulphate immediately pre- 
cipitated all the chloride. Silver salts of strong acids did not 
cause complete precipitation and free strong acids suppressed the 
precipitation even more. Lamb (J. Amer. Chem. Soc., 1906, 28, 
1710; Lamb and Fonda, zbid., 1921, 43, 1154) tried to explain 
the above observations by a gradual transition from the green 
variety to the violet due to the hydrogen-ion concentrations ruling 
during the reactions, but in order to show how the transformation 
took place they found it necessary to postulate further that the 
green variety first underwent hydrolysis to form some such basic 
complex as CrCl,OH. 

The essential difference between the violet and the green salts 
of chromium appears to be concerned with the amount of hydrolysis 
and with a change in the chromium hydroxide which is probably 
akin to that produced by ageing. The normal or violet salts must 
therefore be prepared under such conditions that the hydrolysis 
is minimised by crystallising at as low a temperature as possible 
from very strongly acid solutions. The simplest way to convert 
the violet form into the green is by boiling. By so doing, the 
hydrolysis becomes enhanced and it is probable that the chromium 
hydroxide bound in the form of aggregates of basic salt tends to 
lose its reactivity. The change also seems to be linked up with 
the treatment to which the chromium hydroxide had been subjected 
previous to its solution in acids, for, as shown by Recoura (Compt. 
rend., 1895, 120, 1337), the change from violet to green can be 
effected by allowing an alkali solution of chromium hydroxide to 
age before dissolution in acid. It has been shown that the change 
in colour of chromium sulphate solutions is accompanied by the 
liberation of acid (see Denham, Z. anorg. Chem., 1908, 57, 361— 
ibliography given) with the consequent separation of a soluble 
asic salt. The dialysis experiments of van Cleefi (J. pr. Chem., 
1881, 23, 58) and Richards and Bonnet (Proc. Amer. Arts Scv., 
1903, 39, 1) show that the soluble basic aggregates are colloidal 
in nature, for the residue left in the dialyser from green solutions 
was basic whereas violet chromium sulphate passed through com- 
letely. Again, Richards and Bonnet have shown that in the 
precipitation of sulphate as barium sulphate from green sulphate 
solutions green basic chromium sulphate was always carried down. 

The fact that barium chloride and silver nitrate produce incom- 
plete precipitation appears to be a property in common with other 
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elements which give solutions which are almost certainly colloidal. _ 
Thus the chloride in ferric oxide hydrosols is not readily pre- | 
cipitated with silver nitrate, neither is it completely precipitated _ 
from solutions of either ferric or zirconium chloride in the cold, | 
and especially after the solutions have been allowed to stand or 
have been boiled. P| 

The change of violet solutions to green immediately on the 
addition of a little alkali is significant. The green colour of the 
solution containing the soluble basic chromium salt is undoubtedly 
connected with the existence of the green chromium hydroxide in 
solution in the form of basic aggregates. 

Hydrogen electrode titrations have been carried out at 18° of 
violet solutions of both the chloride and the sulphate, and also of — 
green solutions which were prepared by boiling the normal solu- 
tions for 5 minutes and rapidly cooling to 18°. The initial 
readings are given in the following table. 


H.M FF. against % Hydro- 

Salt. Conc. Colour. N-calomel. DE. lysis. 

. ( 0-0133 Blue 0-467 3°19 1-62 
Dees) O0183 Green 0-409 2-18 16-4 
Sulphate............ 0°0050 Violet 0-467 3-19 2:16 

(as chrome alum) 0-0067 Green 0-395 1-94 28:7 


The percentage of hydrolysis has been referred to the total _ 
amount of combined acid. It will be seen that the effect of boiling © 
for a short time was to increase the amount of hydrolysis more 
than tenfold. The titration curves are similar to that given by 
chromium sulphate (Fig. 2), with the exception that the sections 
prior to precipitation in the case of the green solutions are some- 
what curved, owing to the neutralisation of the liberated acid, — 
instead of being rectilinear as in the case of the violet or blue — 
solutions. The following table gives the important features of — 


these titrations. 
Precipitation began. Precipitation 
————————. complete. 
Equivs. of NaOH Equivs. of 


Salt. EMF. Du. to 1 equiv. of Cr. NaOH. 
Peder ts sc crecna te 0-588 5-28 1-07 2:78 
Green CrCl ofthe. 0-586 5:25 1-43 2-85 
Violet chrome alum 0-591 5:30 1:00 2-75 
Green chrome alum 0-587 5:27 1-21 2-71 


The table shows that in each case precipitation was dependent 
on the attainment of a hydrion concentration, pq 5:3, and that 
precipitation began from those solutions which contained chromium 
in the normal condition when about one equivalent of sodium — 
hydroxide had been added, whilst the green solutions did not — 
yield precipitates until somewhat larger proportions of alkali had q 
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been added. The greater amounts of alkali required in the latter 
ease show that the change produced in the solutions on turning 
from violet or blue to green has rendered the chromium salts more 
resistant in their behaviour towards alkali. 

It is probable that the basic chromium complexes tenia seem 
to be present in green solutions are “‘ micellar’’ in structure and 
constitute a colloidal electrolyte in which the kations are com- 
posed of chromium hydroxide and varying amounts of acid radical, 
a portion only being ionisable, and may perhaps be represented thus 


(OH) sr [- (OH) ge |" 
Cr@+y +1) Ry == Cretysy + 3R’, 
R | R 


ad 3y 3y 


x and y being indefinite. Some such arrangement as this would 
account for the slowness with which silver chloride and barium 
sulphate may be precipitated from the appropriate green solutions, 
and this is especially so when the chromium solutions happen to 
be basic, such as may be prepared from the basic glassy masses 
obtained by evaporating solutions of chromium salts to dryness. 
There appears to be a tendency for one-third of the combined acid 
in a chromium salt, i.e., the amount corresponding to that which 
seems to be loosely Maeibsied and gives rise to the formation of 
the “soluble basic salt,” to be aviviga off on evaporation. Thus 
a basic salt prepared in this way had a composition corresponding 
to Cr(OH)SO, and gave in solution no precipitate with barium 
chloride; neither did it do so with ammonia except on boiling or 
keeping. The soluble basic complexes in the green solutions have 
some properties in common with chromium hydroxide. Chromium 
hydroxide which has been suspended in water and boiled, or has 
been allowed to stand, becomes difficultly soluble in acids, as is 
also the case with ferric hydroxide, slowly dissolving only in con- 
centrated acid solutions. Hence it is evident why the acids present 
in Weinland and Koch’s experiments did not immediately decom- 
se the green salt and render the chloride available for precipitation, 
and why the acid actually retarded the precipitation by depressing 
the ionisation of the colloidal electrolyte. The conception of basic 
aggregates also supplies an explanation why it was only the silver 
salts of weak acids which caused nearly all the silver chloride to 
be precipitated. The first reaction taking place between the 
recipitant and the colloidal electrolyte is one of double decom- 
position, whereby the chloride ‘anion of the chromium complex is 
replaced by the anion of a weak acid. This would diminish the 
hydrogen-ion concentration of the solution, which would therefore 
— to approach the value requisite for the precipitation of 
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chromium hydroxide; the basic complexes would thus be rendered 
so unstable that the chloride radicals in them would become 
susceptible to reaction with the silver salt. . 

A qualitative comparison of the absorption spectra of solutions 
of equal concentrations of (a) violet chrome alum, (6) green chrome 
alum, and (c) violet chrome alum to which an excess of sodium 
hydroxide had been added, revealed that those of solutions (6) 
and (c) were similar. The main difference between (a) and (6) 
was that the very faint yellow band, 5750—5950 A., in the former 
had become wider and more pronounced in the latter, 5660— 
6110 A. There was also some absorption in (b) in the blue region 
extending up to 4840 A.; that in (a) extended to 4530 A. The 
spectra of (6) and (c) were identical over the short wave-lengths, 
but the yellow band was found to have moved a little, to 5800— 
6160 A. It is probable that alkaline solutions of chromium hydr- 
oxide are largely colloidal, and the similarity of the last two spectra — 
would suggest that some part of the green solution also was colloidal, 
in which case the increased absorption might be attributed to the © 
presence of exceedingly small colloidal basic aggregates. ‘i 

The stannous chloride solution used in the titration shown m_ 
Fig. 2 was turbid and became more and more so until 30 c.c. of © 
alkali had been added, when a heavy precipitate began to settle; — 
the precipitate passed back again into colloidal suspension as soon — 
as the solution had become alkaline (yg = 8-7) and 41-0 c.c. of sodium _ 
hydroxide had been added. From the #.M.F. readings made 
during the titration, the amounts of hydrolysed hydrochloric acid — 
have been calculated at the various stages, from which the com- 
positions of the basic stannous chloride aggregates given in the — 
following table have been calculated. 


Fraction of Comp. of basic 
unneutral- stannous chloride. Mol. of 
C.c. of Atoms of ised HCl To 1 atom of Sn. HCl 
0:0932N- Clneutral- hydro- nr er hydr- 
NaOH. #.M.F. ised. lysed. Cl. OH. olysed. 
0 0-391 0 0-336 1-33 0:67 0-67 
5-1 0-401 0-24 0-269 1-29 0:71 0-47 
10-0 0-412 0:47 0-208 1-22 0-78 0-32 
15-2 0-418 0:71 0-204 1-03 0-97 0-26 
20-0 0-428 0-93 0-173 0-88 1-12 0-18 
25-15 0-440 1-18 0-145 0:63 1:37 0-12 
30-0 0-463 1-40 0-085 0-55 1-45 0-05 
35-0 0-499 1:63 0-033 0-36 1-64 0-01 
39-0 0-585 1:82 0-002 0:18 1-82 0-0004 


The table shows that the basic stannous chloride particles varied _ 
in composition from SnCl,.33(OH)o.¢, to SnCly.;;(OH),..; during the — 
addition of the 30 c.c. of alkali and yet remained in colloidal sus- — 
pension. The last column indicates that the molecular proportion 
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f hydrochloric acid hydrolysed gradually grew less as the titration 
yroceeded. It was not until the particles had become to this 
xtent basic, and the concentration of the free hydrochloric acid 
vith which they had existed in equilibrium had become relatively 
mall, that the colloidal solution coagulated. The solution became 
1eutral when 40 c.c. of alkali had been added, showing that chloride 
vas still being retained by the stannous hydroxide, its composition 
laving then become SnClo.,,(OH),.s,. The fact that peptisation 
of the precipitate took place immediately the mother-liquor became 
ilkaline seems to be important, and it may be that the reaction 
4 the alkali with the retained chloride in the precipitate was 
argely responsible. No inflexion was produced in the curve in 
he alkaline zone. 

Hildebrand (loc. cit.), besides finding an inflexion for zinc hydr- 
yxide, found one for zirconium hydroxide also. The precipitation 
yf zirconia from a solution in hydrochloric acid has been investigated 
Fig. 2) and also the change in pg in the mother-liquor when the 
yrecipitated zirconium hydroxide was in presence of an excess of 
odium hydroxide. The present experiments fail to confirm 
dildebrand’s observation of a distinct inflexion, which he stated to 
orrespond to the formation of sodium zirconate. There appear to 
ye absolutely no grounds for regarding zirconium hydroxide as 
ymphoteric. Unlike the other hydroxides studied in this paper, 
shat of zirconium is not dissolved by alkalis under any conditions. 
i common with all other gelatinous hydroxides, it adsorbs salts 
rom solutions in which it may be suspended, and on precipitation 
with an excess of alkali does naturally adsorb some alkali, the 
mount depending on the quantity of alkali present. These pre- 
ipitates do not hold the alkali in any form of combination, as 
vould be the case if they contained insoluble zirconates. It is 
remarkable that whilst alumina is one of the few oxides which 
van be considered with any degree of certainty to be amphoteric 
n the wet state, it should be the only one which is’ definitely 
smphoteric in the dry state, yielding on fusion with alkalis or with 
Ikali metal carbonates products which are soluble. 

The titration curve gives some insight into the mechanism of 
wecipitation. The hydrochloric acid solution was prepared from a 
asic zirconium chloride which contained 1-737 mols. of Cl to 
_mol. of ZrO,. The basic chloride dissolved in water to give 
. perfectly clear solution. An aqueous solution, 0-04 normal with 
espect to the chloride content, was hydrolysed immediately after 
reparation to the extent of 54%. The dotted line in the diagram 
epresents the neutralisation curve of hydrochloric acid solution 
aving the same chloride concentration as that of the acid solution 
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of zirconium chloride with the same alkali solution. The small 
but definite inflexion which occurred when 11-1 c.c. of alkali had 
been added is remarkable. It marks the end of the neutralisation 
of the excess of acid over that required to form zirconium tetra- 
chloride and thus points to the existence in solution of zirconium 
chloride, although considerably hydrolysed. This is opposed to the 
generally accepted view that the chloride dissolves as “‘ zirconyl 
chloride,’’ ZrOCl,, dissociating into “‘ zirconyl’’ ions, ZrO”, and Cl’, 
and free hydrochloric acid. The solution began to become opales- 
cent when 27-5 c.c. of alkali had been added, and this was before 
the amount of alkali had been added which was necessary to form 
either ZrOCl, (33-3 ¢.c.) or the basic salt from which the solution 
was prepared (36-2 c.c.). As solutions of both these substances 
happen to be perfectly clear, it follows that the premature opales- 
cence obtained in the titration must have been due either to the 
electrolytes present or to the hastened growth of the colloidal 
particles owing to the rate at which the alkali was added. It must 
have been due to the latter, for salts may be added to basic zir- 
conium chloride solutions of similar composition without producing 
any perceptible effect. The zirconium chloride curve tends to 
approach the hydrochloric acid curve when approximately two 
equivalents of sodium hydroxide have been added (33-3 c.c.). At 
this stage the chloride radicals in combination with the zirconium 
were undergoing the maximum hydrolysis. The solution became 
increasingly colloidal in appearance as the alkali was added until 
it became opaque and coagulation suddenly took place (47-5 c.c.). 
The following table gives the fraction which had suffered hydrolysis 
of the portions of zirconium chloride which had not entered into 
the reaction at the various stages in the titration, from which has 
been found the composition of the unhydrolysed basic zirconium 
chloride together with the molar proportion of the free acid which 
had been hydrolysed. : 


Comp. of basic 


Atoms Fraction of chloride. Mols. of 
of Cl unneutral- To 1 atom of Zr. HCl 
C.c. of ) neutwal- ) ased PECL ee 
NaOH. #.M.F. ised. hydrolysed. Cl. OH. lysed. Remarks. 
0 0-366 0 0-529 2-12 1-88 3:12 Free HCl 
11-1. 0-380 0 0-579 2-32 1-68 2-38 Pp 
22:2 0-386 1:0 0-670 3:01 0-99 2:01 Clear 
27-8 0:390 1-5 0-714 3°28 0-72 1:78 Opalescent 
33°3 |» 0:393 2-0 0-828 3°66 0:34 1-66 Kf 
36:2 0:397 2:°267 0-831 3°70 0:30 1-44 a 
38:9 0-406 2-5 0-685 3°53 0-47 1:03 z= 
44-4 (0-426 3:0 0-480 3°48 0-52 0:48 3 
47:5 0-444 3°28 0-333 3°52 0-48 0-24 Opaque 
50:0 0-481 3°5 0-107 3°55 0-45 0:05 Coagulated 
§2°:7 ')0-571 3°75 0-006 3°75 0:25 0-00 ue | 


» 
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In these calculations it has been assumed that the hydrochloric 
cid was completely dissociated. The degree of hydrolysis of the 
irconium chloride in the free acid solution was obtained by sub- 
racting the hydrion concentration produced by the excess of acid 
rom the total hydrion concentration calculated from the observed 
roltage. 

It will be seen that the maximum hydrolysis occurred when 
ust over two atoms of chloride of the zirconium chloride had been 
eacted upon, and that the rapid increase in hydrolysis during the 
irst portion of the titration was accompanied by a corresponding 
sthange in the composition of the basic zirconium chloride actually 
resent in the solution (columns 5 and 6). Thereafter, the com- 
osition of the basic zirconium chloride remained nearly constant 
und corresponded roughly with the formula Zr(OH),.;Clo.;, until 
iter coagulation ensued, when it was partially decomposed by the 
wikali. The first half of the- titration, besides yielding a rapidly 
ncreasing basic chloride, was accompanied by a gradual decrease 
n the amount of free acid, which tended to render the basic zir- 
sonium chloride more and more insoluble and thus produced a 
yradual growth in the size of the basic chloride particles. At the 
beginning of the titration the particles probably approximated to 
molecular dimensions, but as the chloride became more and more 
basic these exceedingly small particles coalesced to form larger and 
larger aggregates until they became sufficiently big to render the 
solution opalescent, and this process still continued through the 
period when the solution had become visibly and increasingly 
colloidal right up to the point when coagulation occurred. The 
table shows that the free acid had some inhibiting effect on this 
growth in the size of the particles, for it was only after an appreci- 
able proportion of the acid had been neutralised that the solution 
became opalescent, and, after the basic chloride particles had 
become uniform in composition, it was only after the amount of 
free acid had been almost removed that the colloidal solution 
coagulated. 

These observations seem to suggest that the nature of basic 
zirconium salt solutions is essentially colloidal in spite of the fact 
that many of the solutions are perfectly clear. Miiller (Z. anorg. 
Chem., 1907, 52, 316) arrived at the same conclusion from a study 
of the reactions of zirconium salt solutions. The observations, 
moreover, furnish an excellent example to show that the process 
of precipitation is one which involves the formation of a colloidal 
solution which subsequently coagulates. In the majority of pre- 
tipitations the colloidal solution stage is so rapidly passed that 
it is not observed. 
| 
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Adolf and Pauli (Kolloid Z., 1921, 29, 173) found that the hydro- 
lysis of solutions of zirconium oxychloride, ZrOCl,, of concen- 
trations ranging from 0-0022 to 0-125, after 10 days’ standing, 
varied irregularly between 35 and 50%. As mentioned above, 
a freshly prepared solution of zirconium chloride containing 
1Zr:1-737Cl was hydrolysed to the extent of 54°, whereas in the 
solution containing the basic chloride having the same composition 
in the titration the hydrolysis was considerably greater, wz., 83-1%. 
In the latter case, the solution was opalescent and therefore con- 
tained larger particles than the corresponding clear solution. Thus 
the degree of hydrolysis appears to be a function of the size of 
particle, and consequently the smaller amount of hydrolysis in 
the clear solutions of Adolf and Pauli must have been due to the 
presence of particles which had been rendered small by the solution 
effect of the free acid. They prepared zirconium oxide hydrosols 
by dialysis, which contained appreciable amounts of chloride; one 
contained 0-33 atom of chlorine and the other 0-26 atom to each 
atom of zirconium. Both sols were hydrolysed to small extents, 
viz., 0-9 and 0:-6%. It is important to note that, although the 
concentration of free acid was small, there was a relatively large 
concentration of chloride ions, 41 and 37% respectively of the 
total chlorine content. The ratio Zr:Cl in these hydrosols 
corresponds to points on the titration curve lying between those 
representing 3-5 and 3-75 equivalents of sodium hydroxide, 1.e., 
just after coagulation had taken place. The amount of free acid 
was of the same order in both the colloidal solutions and the 
mother-liquor in which the basic zirconium precipitate was sus- 
pended. The large concentration of chloride ions in the colloidal 
solutions shows that the basic chloride particles do dissociate in 
some way. 

The degree of dispersion of. colloidal basic chloride solutions 
appears to be dependent on the amount of acid present. Colloidal 
solutions of basic chloride in which some free acid is present tend 
to become clear on standing, no doubt owing to the tendency of the 
colloidal particles to pass into solution. This behaviour may 
possibly account for Rodd’s observation (J., 1917, 111, 396) that 
a basic chloride, Zr,;O,Cl,,22H,O, separated at first from concen- 
trated solutions of zirconia in which the concentration of hydro- 
chloric acid had been suitably regulated. When the solution had 
become more acid owing to separation of the highly basic chloride, 
crystals of ordinary ZrOCl,,8H,O began to separate. Rodd 
believed that the formation of the very basic chloride (Zr: Cl = 
5:4) was due to some intrinsic change having taken place in the 
constitution of the zirconium hydroxide. The important point is 
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shat the salt appears to have given a clear solution, whereas when 
jhe zirconium chloride present in the solution undergoing titration 
2ad acquired the same composition by the addition of 35-5 c.c. 
= 3-2 equivalents) of sodium hydroxide the solution became 
ypaque. Rodd mentions that a solution of his salt was pre- 
sipitated by either sulphuric acid or sulphates generally. There 
seems to be no doubt that Rodd obtained his highly basic chloride 
through using a concentration of hydrochloric acid much less than 
that required for the crystallisation of the usual ZrOCl,,8H,O, 
and thus obtained a substance nearly as basic as that shown to 
exist in the solution during the second part of the titration, viz., 
fr(OH);.;Clo.;. Rodd’s salt is Zr(OH).,Clo.,. The fact that Rodd 
obtained his salt by a slow crystallisation process from an acid 
solution indicates that it must have been composed of very small 
particles, their growth having been prevented by the acid present. 
Hence the reason for the substance passing into a clear or nearly 
slear solution. The fact that sulphates in general caused its pre- 
sipitation appears to be an example of the normal behaviour of 
slectrolytes towards colloidal solutions. Rodd, however, believed 
these precipitations to be cases of double decomposition, as the 
precipitates obtained by the addition of sulphuric acid and am- 
monium sulphate were within a few units °4 of the same com- 
position, Zr;O,(SO,).,.14H,O. He was of the opinion that this 
formula represents a ‘‘ true chemical individual,’’ but added that 
there was * no evidence to show that this is a true hydrate.” 
Solutions of zirconium sulphate behave towards some reagents 
m a manner quite different from that of solutions of either the 
shloride or the nitrate, so much so that Ruer (Z. anorg. Chem., 
1904, 42, 85) and others have postulated that the sulphate must 
*xxist in solution as a complex zirconium sulphuric acid in which 
the zirconium is present in a complex anion and thereby escapes 
arecipitation. Thus oxalic acid and alkali metal oxalates fail to 
wecipitate it, and sulphites only precipitate it slowly and incom- 
dletely. If potassium chloride be added to a zirconium sulphate 
lution, either before or after the addition of sodium oxalate, the 
solution becomes readily precipitable. Another point of difference 
s the behaviour towards sodium tartrate. Zirconium chloride 
fields a precipitate with sodium tartrate, readily soluble in excess, 
is compared with the precipitate which is obtained from zirconium 
ulphate solution, which dissolves only on boiling or on prolonged 
tanding. The precipitate in the latter case is mainly basic zir- 
‘onium sulphate. Chauvenet (Ann. Chim. Phys., 1920, 13, 82) 
itrated several zirconium salt solutions conductimetrically and 
ound that the titration curves, instead of being straight lines as 
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- in acid-alkali neutralisations, were slightly curved, such that the 
tangents drawn to the curves at each end intersected at points 
corresponding to approximately two equivalents of alkali. This 
he claimed to be evidence for the existence of the “ zirconyl,” 
ZrO", radical. The data given in the previous table show that 
during the addition of the first two equivalents of alkali the basi¢ 
chloride undergoes hydrolysis and the remaining two equivalents 
cause little variation in its composition, Zr(OH),.;Clo.;, except at 
the end. These two processes, which took place in the precipitation 
from zirconium chloride solution, undoubtedly account for the 
change in the slope of Chauvenet’s curve, which had therefore 
nothing to do with an alleged zirconyl radical. Chauvenet also 
titrated a solution of zirconium sulphate by the conductivity 
method and obtained the point of minimum conductivity when 
3 equivalents of alkali had been added; this he claimed to be due 
to the separation of a definite basic sulphate, ZrOSO,,ZrO,. He 
also claimed that an inflexion was produced when two equivalents 
of alkali had been added, which pointed to another definite basie 
salt, zirconyl sulphate, ZrOSO,. In view of the peculiar properties 
shown by zirconium sulphate and of the contentions of Chauvenet, 
it was decided to subject the sulphate to titration with the hydrogen 
electrode. 

The zirconium sulphate had the composition ZrO,,2-10SO,,2-29H,0, 
from which a 0-01301M-Zr(SO,). solution was prepared at room 
temperature; therefore 100 c.c. of the solution contained uncom- 
bined sulphuric acid equivalent to 2-56 c.c. of N/10-alkali. The 
curve showing the titration with NV /10-sodium hydroxide of 100 c.c. 
of this solution at 18° is given in Fig. 3. The first inflexion occurred 
when the added alkali was equivalent to 3 mols. to 1 mol. of zir- 
conium sulphate. At this point precipitation was complete and 
the solid had the composition ZrO,,350;,2H,O. Further addition ot 
alkali (up to 50:4 c.c.) caused its partial decomposition and the 
mother-liquor became alkaline. The precipitate must then have 
contained ZrO,,0-1680,, but, as the slope of the curve shows, 
during the addition of the next few c.c. of alkali some alkali 
was still being withdrawn from the solution and utilised im 
decomposing the precipitate still more. The sulphate solution, 
unlike that of the chloride, began to yield a precipitate immediately 
the alkali was added. It is curious that by warming zirconium 
sulphate solution it may be made strongly basic by means of alkali 
without the separation of a precipitate, the solution remaining 
quite clear. The dotted curve given in Fig. 3 is the titration curve 
of 100 ¢.c. of sulphuric acid containing 41-6 c.c. of N/10-sulphurie 
acid, equivalent in concentration to three-quarters of the com- 
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yined acid in the zirconium sulphate solution together with the 
mall amount of free sulphuric acid. The two curves are nearly coin- 
ident over the first half of the zirconium sulphate curve, but vary a 
ittle during the addition of the third equivalent. The curves show 
herefore that the zirconium sulphate solution contained a basic 
wlphate and free sulphuric acid in approximately the proportions 
. mol. of ZrO,,4SO, to 14 mols. of H,SO,. The addition of alkali 
ad the main effect of neutralising the free sulphuric acid, with 
he consequence that the basic sulphate with which it had existed 
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some kind of equilibrium was precipitated. The curves give no 
idence of Chauvenet’s so-called zirconyl sulphate, but do con- 
im his observation of the precipitation of a basic sulphate of 
proximately the composition ZrO,,38O0,. Further work, how- 
fer, is necessary on the lines of the phase rule before its indi- 
duality can be established. 

Chauvenet (Joc. cit.) determined the molecular weight of zir- 
nium sulphate from the depression of the freezing point of an 
ueous solution, and found it to be a little more than a quarter 
that of ZrOSO,,H,SO,. He therefore argued that zirconium 
Iphate ‘on solution split up into zirconyl sulphate and sulphuric 
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acid. If, however, the partial dissociation of sulphuric acid be 
taken into consideration, the anomalous freezing point might alse 
be taken to support the constitution of zirconium sulphate solution 
suggested by the above titrations. 

The view that these somewhat inert basic zirconium sulphate 
particles exist in solution in equilibrium with hydrolysed sulphuric 
acid gives an explanation of the abnormal behaviour of reagents 
towards zirconium sulphate solutions, especially that of sodium 
tartrate in precipitating the basic sulphate in such a state that 
it is not readily soluble in excess of the reagent. 

Some criticism appears to be not out of place here of Chauvenet’s 
density method (Compt. rend., 1917, 164, 864), by which he claimed 
to ascertain which of the many reported basic zirconium sulphates 
were definite individuals. He treated zirconia with various quan- 
tities of sulphuric acid and dried the products by evaporation at 
200°. He stated that at this temperature the products became 
rigorously anhydrous. Van Bemmelen (Z. anorg. Chem., 1906, 49. 
125) showed that zirconia, when dried at 200°, retained much 
water which was not completely driven off at 300°. The present 
author found that after several hours’ drying at 200° water was 
retained to the extent shown by the formula ZrOQ,,0-48H,O. The 
salt was found by immersion in nitrobenzene to have the density 
4-02, but when rendered water-free by ignition its density was 
5-47 (compare 5-489, Venable and Belden, J. Amer. Chem. Soc., 
1898, 20, 273). Zirconium sulphate also requires a much higher 
temperature than 200° for complete dehydration. By plotting the 
ratio ZrO, : SO, against the densities, determined by immersion in 
nitrobenzene, he obtained a curve which had several angular points 
indicating definite basic salts. On plotting the curve, however, 
the present author found that all the points lay either on or close 
to a continuous curve; the small deviations from the curve could 
readily be accounted for by the considerable experimental errors 
which the method involved. The determination of the densities 
of amorphous substances, such as these basic sulphates, is a difficult 
problem, and the values at best can only be approximate on 
account of the difficulty of completely filling the porous particles 
with nitrobenzene. It is conceivable that Chauvenet’s density 
method might be applied in cases where the densities, supposing 
they could be determined with sufficient accuracy, of the different 
basic salts were widely different. There is no agreement between 
Chauvenet’s density of 3ZrO,,4S0., 3-02, and that, 4-1, of Hauser 
and Herzfeld (Z. anorg. Chem., 1910, 67, 369). It thus appears 
that the conclusions of Chauvenet are without satisfactory grounds. 
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Summary. 


(1) The hydrogen-ion concentrations ruling throughout the 
precipitation of the hydroxides, actually basic salts, of aluminium, 
beryllium, zinc, chromium, stannous tin, and zirconium have been 
investigated. 

(2) The hydrogen-ion concentrations to be attained for the 
precipitation of the hydroxides of aluminium, beryllium, zinc, and 
chromium have been found. 

(3) New light has been thrown on the nature of the characteristic 
soluble basic salt solutions of beryllium, chromium, and zirconium. 

(4) The manner of precipitation of stannous and zirconium 
hydroxides has been shown-to be that of the formation and subse- 
quent coagulation of a colloidal solution of dispersed basic chloride 
particles. 

(5) It has been shown. that of the bases studied in this paper 
aluminium hydroxide is the only one which is definitely amphoteric. 
No confirmation of the observations of Hildebrand on zirconium 
and zine hydroxides could be obtained. 

(6) The study of zirconium chloride and sulphate solutions has 
revealed that both are composed of highly dispersed basic particles 
and hydrolysed acid. No evidence could be obtained of the 
existence of the “‘ zirconyl”’ radical. 

(7) The hydrogen-ion concentration of precipitation of zinc 
hydroxide (actually basic sulphate) has been shown to be not 
in accord with the recorded solubility product data. 

(8) It has been shown that the Werner co-ordination theory 

does not give a satisfactory explanation of the anomalous behaviour 
of green chromium chloride and sulphate solutions. 
In conclusion, the author takes this opportunity to thank Prof. 
J. ©. Philip, F.R.S., for facilities in carrying out this work, the 
Chemical Society for a grant for the purchase of salts of the rarer 
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CCLXXXIX.—Electrometric Studies of the Precipit- 
ation of Hydroxides. Part III. Precipitation im 
the Cerite Group of Rare Harths and of Yttrvwm 
Hydroxide by Use of the Hydrogen Llectrode. 


By Huperr Tuomas STANLEY Brirron. 


Tue precipitation of the hydroxides of the metals of the ** ceritem 
group and of yttrium has been investigated by means of titrations 
with the hydrogen electrode. The solutions used and the hydrogen- 
ion concentrations at which the various precipitations began are 
given in the table. 


Titration Theor. Precipitation began. 
and Solution amount —§_———-- 
curve titrated Normality of NaOH. C.c. of 

No. Temp. (100c.c.). of NaOH. (C.c:). H.M.P. pa. NaOH. 
1 17° 0-0133.M- 0-090 44-4 0-763 8:35 1-0 
La(NOs3)z5 
2 17. =: 0-0133.M- 0-1018 39-0 0-709 7:41 1-8 
CeCl, 
3 17 (1)0-:0163N- 0-1018 16-0 
HCl 
(2) 0-0114M- 33°6 0-690 7-95 18-2 
PrCl, 
4a 17 =0-:0133.M- 0-1018 39-0 0-686 7-00 0:8 
Nd(NO3)z3 : ! 
4b 17. (1) 0:0154N- 0-1018 15-1 
HCl 
(2) 0-0114//- 33-6 0-687 7-02 18-0 
NdCl, 
5 18 0:013312- 0-090 44-4 0-674 6:78 1-0 
eg, 0H Fs 
6 18 . (1) 0-0140N- 01018 13-75 
HCl : 
(2) 0:0121M- 35°53 0-676 6-83 16°] 
SaCl, - 


The titration curves are given in the diagram. As thoria occurs 
with the rare earths in monazite sand, the titration curve (No. 
7) of 100 c.c. of 0-01M-thorium chloride solution with 0-1016N- 
sodium hydroxide has been included in order that the precipitation 
pa of thoria might be compared with those of the rare earths. The 
great difference in the hydrogen-ion concentrations accounts for 
the ease with which thoria can be separated from the rare earths 
of the “‘ cerite ”’ group by those methods which depend on the change 
in pu. Knowing the respective hydrion concentrations it is possible 
to effect the separation of thorium hydroxide from the rare earths 
by carefully varying the py of the solution by means of alkalis 
and suitable indicators. The hydrogen-ion concentrations may bé 
varied: (a) by using reagents which impart hydrion concentrations 
to the solutions greater than those to be attained for the precipitation 
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of the rare earths but less than that for thorium hydroxide, and 
(6) by fractional precipitation with bases which produce py’s which 
are greater than those produced by the bases to be separated. 
Methods employing the former device need no control, but those 
based on the latter principle must be controlled, either as regards 
the hydrion concentrations by means of indicators or electrometric 
measurements, or as regards the fractions themselves by determining 
their chemical equivalents; which is the method usually adopted. 
The reagents which may be used to control automatically the 
hydrogen-ion concentrations required in the separation process 
are: zinc oxide, copper oxide, certain very weak organic bases, 
and salts of certain acids, such as sodium thiosulphate, and sodium 
azide if in presence of an excess of hydrazoic acid. Zinc hydroxide 
(see Part IL) and copper hydroxide (see. Part IV) are precipitated 
at a hydrogen-ion concentration of about 10°. These hydroxides 
will thus set up in the solution a hydrogen-ion concentration which is 
less than that required for the precipitation of thorium hydroxide, 
viz. 10°, but is insufficiently small to cause the separation of the 
rare earths. Separations by means of weak organic bases such as 
quinoline and p-toluidine have been studied more or less empirically 
by Jefferson (J. Amer. Chem. Soc., 1902, 24, 540), Allen (cbzd., 
1903, 25, 421), and Hartwell (ibid., p. 1128). In the fractional 
precipitation with strong bases and oxides such as magnesium and 
mercuric oxides (see Parts I and IV) the fractionation is much 
quicker and requires careful regulation. The attainment of too 
high py’s at the point where the precipitant impinges on the solu- 
tion must be avoided, as this may cause the precipitation of 
undesired hydroxides, which redissolve very slowly. 

The hydrogen-ion concentrations which were necessary for the 
precipitation of lanthanum and cerous hydroxides (curves | and 2) 
were appreciably less than those required for the other four earths. 
The differences in pg at which the earths praseodymia, neodymia, 
yttria, and samaria were precipitated, although very small in the 
ease of the first three, were sufficient to indicate that these are 
precipitated in the order given, which happens to be the order usually 
claimed. The closeness of the hydrion concentrations prevailing 
throughout the precipitations of the hydroxides of praseodymium, 
neodymium, and yttrium shows that a separation of these three 
earths by a hydrogen-ion concentration method 1s impracticable. 
The strongest base of the yttrium group is generally stated to be 
yttria, and according to these measurements, it appears to have 
a strength of the order of that of “‘ didymia.’’ Curves 4a and Ab, 
illustrating the respective titrations of the nitrate and chloride of 


neodymium, show, contrary to the observations of Hildebras 
4 ¢ 
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(J. Amer. Chem. Soc., 1913, 35, 847), that the hydrogen-ion concen- 
tration required for the precipitation of neodymium hydroxide is 
quite independent of the nature of the anion. Hildebrand found 
that the py value required for precipitation from a chloride solution 
lay between 7 and 8, but from a nitrate solution between 4 and 5. 
The lower value obtained for the nitrate solution must have been 
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due to the use of an electrode whose hydrogen was catalytically 
reducing the nitrate. It has always been found, however, that 
when such reduction was taking place the H.M.F.’s were far from 
stationary. : | 
In none of these titrations was the pure hydroxide obtained, 
as is, shown by the following amounts (equivalents) of alkali which 
caused complete precipitation: from lanthanum nitrate solution, 
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60; cerous chloride, 2-61; praseodymium chloride, 2:45; neo- 
ymium nitrate, 2-38; neodymium chloride, 2:53; yttrium chloride, 
+36; and samarium chloride, 2-48. 

The separation of basic lanthanum nitrate is yet another example 
1 which the course of precipitation can be followed through the 
ransitional colloidal stage. On the addition of 1-6 c.c. of sodium 
ydroxide the solution became opalescent. During the addition 
f the first 35 c.c. of alkali (=2-37 equivalents) there was a gradual 
rerease in Py from 8-35 to 9-0, which did not cause the separation 
f a precipitate, for the lanthana passed continuously into the 
oidal state, shown by an increasing turbidity of the solution. 
he next 2-5 c.c. caused a rapid diminution in the hydrion concen- 
ation, which was accompanied by a rapid increase in turbidity, 
hilst the next c.c. caused the solution first to become opaque 
nd then to coagulate completely. The hydrion concentration 
ad then become 101°, a value considerably less than that required 
r the precipitation of lanthana. The amount of alkali required 
lows that the composition of the precipitate was given by 
a(OH),.g(NO3)o.4, indicating, as in other instances, that the 
ispersed particles were basic. The sudden fall in the hydrion 
mcentration towards the end of the reaction was caused by an 
<cess of alkali having passed into the mother-liquor, and must have 
sen due to the action of this alkali on the colloidal particles which 
timately brought about the coagulation of the colloidal solution. 
If the order of the precipitation of the hydroxides is actually 
at of their basic strengths, the basic strengths of the rare earths here 
vestigated lie between those of zinc and manganous hydroxides, 
id below that of magnesium hydroxide. Lanthanum hydroxide 
always stated to be the strongest base of the rare earths, and the 
cerite ’’ group of hydroxides, excepting ceric hydroxide, to be the 
‘oup of the strongest bases. Apart from lanthanum hydroxide 
id perhaps cerous hydroxide, the other earths appear to be quite 
oderate in strength and are comparable with cobalt and nickel 
jdroxides. This is contrary to the view generally held. Friend 
‘Text Book of Inorganic Chemistry,” 1917, Vol. IV, p. 257) 
ates that “‘ from general chemical and thermochemical consider- 
ions it may be concluded that they [the rare earths] are stronger 
an magnesia, but weaker than the alkaline earths.”’ The chemical 
nsiderations are epitomised thus: ‘“‘ The strongly ignited oxides 
e readily soluble in mineral acids, several of them combine directly 
ith water and absorb carbon dioxide from the air, and all of them 
erate ammonia from cold solutions of ammonium salts. Normal 
Its of numerous weak acids, e.g., chromic, carbonic, are readily 


epared.” Jf the hydrogen-ion concentration relationships do 
4c0* 2 
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give the true order of basic strengths, then zinc hydroxide is a weaker 
base than either of the tribasic hydroxides of the “‘ cerite ” elements ; 
yet its oxide after ignition is readily soluble in mineral acids. The 
behaviour of the rare earths towards cold ammonium salt solutions 
is misleading. The fact that a base forms well-defined salts with 
weak acids probably offers no clue to its strength, if those salts 
happen to be almost insoluble. This is the case with the carbonates 
and chromates of the rare earths (vide Britton, J., 1924, 125, 1875). 
Thus thorium hydroxide is an exceedingly weak base, but under 
certain conditions it forms an extremely well-defined chromate; 
under other conditions it behaves like other weak bases and gives 
precipitates which are indefinite and basic (vide Britton, J., 1928, 
423, 1429). The power to form well-defined salts with weak acids 
seems to be a property inherent in an element in conferring a small 
solubility on a salt and probably has nothing whatsoever to do 
with its power to form a strong base. ‘There is no marked difference 
in the stability of soluble acetates and that of the acetates of the 
metals whose hydroxides are precipitated at comparable hydrogen- 
ion concentrations, e.g., zinc, cobalt, nickel, and cadmium. 
Vesterberg found (Svensk. Kemt Tidskrift, 1917, 29, 101 ; Zeztsch. 
anorg. Chem., 1917, 99, 11, 22) that equally concentrated solutions 
of lanthanum acetate and ammonium acetate were equally hydro- 
lysed. This led him to conclude hat the strengths of lanthanum 
hydroxide and ammonium hydroxide are nearly the same. The 
titration shows that lanthana was precipitated from an alkaline 
solution the hydrogen-ion concentration of which varied from 
10°8°5 to 10°. The very small concentration of lanthanum 
hydroxide therefore imparts to the solution a hydroxyl-ion concen- 
tration of the order of 10%, a concentration which is restricted by 
the small solubility of the lanthana. The actual amount of dissolved 
lanthanum hydroxide is too small for accurate estimation, and 
consequently it is not possible to calculate its degree of dissociation 
and its basicity constant, nor to compare the hydroxyl-ion concen- 
trations given by equal concentrations of ammonia and lanthana. 
Theoretically it is possible to compare them from a knowledge of 
the degrees of hydrolysis of solutions of their respective salts under 
absolutely identical conditions. It is extremely doubtful whether 
this is accomplished by Vesterberg’s method on account of the 
different nature of the two bases, for on extracting the hydrolysed 
acid from a lanthanum acetate solution with ether the equilibrium 
is disturbed in some unknown manner. The lanthanum hydroxide, 
unlike the ammonium hydroxide in the case of the ammonium 
acetate solution, will tend to become precipitated or to pass inte 
colloidal solution, and thereby give rise to increased hydrolysis. 
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The hydrogen-ion concentrations at which lanthanum and cerous 
hydroxides are precipitated are a little greater than that necessary 
for manganous hydroxide. It was therefore thought that the 
presence of ammonium chloride in sufficient quantity might prevent 
their precipitation with ammonium hydroxide (see Part I). Cal- 
culation shows that, for each molecule of ammonia, 14 and 32 
molecules, respectively, of ammonium chloride should be sufficient 
to prevent the precipitation of lanthanum hydroxide and cerous 
hydroxide. Actually, ammonium chloride has some inhibiting 
effect on the precipitation of the two hydroxides, and when the 
proportion of ammonium chloride to ammonium hydroxide is large, 
as indicated by the calculations, the precipitation can be entirely 
prevented. 

. Summary. 


Hydrogen electrode titrations of solutions of several rare-earth 
salts with sodium hydroxide show that : 

(a) The order of the precipitation of the earths with alkali is 
samarium, yttrium, neodymium, praseodymium, tervalent cerium, 
and lanthanum. 

(6) The hydrogen-ion concentrations which govern the precipi- 
tation of the hydroxides of samarium, yttrium, neodymium, and 
praseodymium are so very close to one another—all about 10°7’— 
that the separation of these hydroxides by fractional precipitation 
is not possible. 

(c) The precipitate formed in each titration is basic. 

(d) The precipitation py’s of the rare earths lie below those of 
magnesium and manganous hydroxides and above that of zinc. 

(ec) The great difference between the hydrion concentration 
necessary for the precipitation of thorium hydroxide and those 
required in the case of the rare earths accounts for some of the ROS 
cesses which are used to effect its separation. 

(f) Ammonium chloride, if present in sufficient quantity, prevents 
the precipitation of lanthanum. and cerous hydroxides. 
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CCXC.—Electrometric Studies of the Precipitation of 
Hydroxides. Part IV. Precipitation of Mercurie, 
Cadmium, Lead, Silver, Cupric, Uranic, and Ferric 
Hydroxides by Use of the Oxygen Electrode. 


By Husert THomas STANLEY BRITTON. 


ArrENTION was directed in Part I (this vol., p. 2110) to the limited 
applicability of the hydrogen electrode, and consequently resort 
has been made to the oxygen electrode in order to study the pre- 
cipitation reactions described in the following pages. Although 
oxygen electrodes cannot be used to follow with accuracy the 
changes in hydrogen-ion concentration which may take place 
during a reaction, they are sufficiently responsive to show the 
character of the changes and under certain conditions an approxim- 
ate idea of the hydrogen-ion concentrations may be obtained from 
the titration curves. The oxygen electrode appears to have been 
employed for a similar purpose by Ralston (Trans. Amer. Hlectro- 
chem. Soc., 1923, 43, 87), who found it of considerable use in the 
hydrolytic purification of electrolytes, such as the freeing of copper 
sulphate solutions from ferric hydroxide. | 
It was shown (Britton, J., 1924, 125, 1572) in oxygen electrode 
titrations of chromic acid that, if the hydrogen-ion concentrations 
were known of solutions at two remote stages of the titration, 
rough estimates of the px of intermediate solutions could be obtaimed 
by assuming the voltages to be proportional to the pa. This 
method, however, was found later to introduce errors sometimes as 
great as a whole pq unit (this vol., p. 1915). The method has 
been further tested in the present titrations by using solutions 
which contained a known concentration of free acid, from which 
the initial pz could be calculated, and continuing the titrations 
until the solutions had become alkaline and of known pg. Tablel 
gives particulars of the solutions titrated and the concentrations 
of free acid initially present. The titrations were performed with 
100 c.c. of solution at 18° in each case by the method described 
for the previous acid titrations, the normal calomel half-element 
being used; as junction liquid in titrations 3 and 4 saturated 
potassium nitrate solution was employed instead of potassium 
chloride for obvious reasons. Each titration was followed by at 
least two oxygen electrodes and the solution was kept thoroughly 
mixed by a rapid current of oxygen, flowing throughout the whole 

titration. 
The curves given by each pair of electrodes were as a rule similar, 
although by no means coincident, and tended to become closer to 
y | 
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TABLE I. 
jitration 100 C.c. of solution Sodium hydroxide. 
and contained : fn rit er 
curve + Normal- C.c. C.c. 
No. free acid. salt. ity. for acid. for salt. Total 
1 0:0212N- 0-:02M- 0-1018 20-8 39°3 60-1 
HCl HgCl, 
2 0:0199N- 0:02 - 0-1018 19-6 39°3 58-9 
H,S0, CdSO, 
3 0:0202N - 0:02M- 0-1005 20-1 39:8 59-9 
HNO, Pb(NO;), 
4 0:0202N - 0:02M- 0-1018 19-6 39°3 58-9 
HNO, AgNO, 
5 0-01992 - 0-:02M- 0:1018 19-6 39°3 58-9 
H,80, CuSO, 
6 0-:0149N- 0:00833.M/ - 0:1005 14:9 49:8 64-7 
HNO, U(NOs3), 
‘| 0:0202N -. 0-:0133M- 0-1005 20-1 39:8 59-9 
HCl FeCl, 


me another on repeated use; continued use, however, impaired 
he sensitiveness of the electrodes to changes of hydrion con- 
entration. The differences between the typical #.M.F.’s given 
yy the oxygen—normal calomel combination at the beginning and 
it the end of the titrations, and the corresponding #.M.F.’s which 
rdinarily would have been given by the hydrogen electrode in 
olutions of identical hydrion concentration, against the normal 
alomel half-cell, are given in Table II. These differences are, in 
fiect, the H.M.F.’s of the oxygen—hydrogen cells set up in the 
various solutions. 


TasreE IT. 
Titration H.M.F. of O, | solution | H, (volts). 
No. Solution. Boginning. End. 
I HCl and HgCl, 0-98 1-05 
2 H,SO, and Cds8O, 1-09 1-08 
3 HNO, and Pb(NO;), 1-04 1-05 
4 HNO, and AgNO, 0-96 1-13 
5 H,SO, and CuSO, 0-94 1-06 
6 HNO, and U(NO;), 0-85 0-96 
7 HCl and FeCl, 0-97 1:03 


Both the hydrogen-ion concentration and the oxidising agents, 
which may be undergoing titration, have some influence on the 
oxygen electrode H.M.F. If the latter happens to be either small 
or almost independent of the hydrogen-ion concentration, then 
the proportional hydrogen-ion concentration scale may be expected 
to give a fairly accurate measure of the hydrion concentration. 
The extrapolated #.M.F.’s of the oxygen—hydrogen cell in the 
2ase of the uranium nitrate titration are much lower than usual, 
md it is probable that the small increase in potential difference 
yes uniformly distributed over the whole titration, for the py’s 
ndicated by the scale at the various stages of the reaction were, 


as far as could be ascertained colorimetrically, in approximate 
agreement. The low ‘potential differences which were obtained 
in all the uranium titrations had nothing to do with the ageing 
of the platinum black, as in many instances freshly platinised 
electrodes were employed. A regular increase in the potential 
difference of the oxygen—hydrogen cell could not have taken place 
in the silver nitrate titrations, for according to the proportional 
hydrion scale the silver oxide was precipitated at px 6, whereas 
calculation from the solubility product of silver hydroxide showed | 
that the true precipitation px lay between 9 and 10. By comparing | 
the voltage actually observed when the precipitation began, 0-40 | 
volt, with that which would be given by a hydrogen electrode 
indicating pp 9, each compared with the normal calomel electrode, 
the E.M.F. of the oxygen-hydrogen cell is found to be 1-21 volts. 
This value is greater than either the initial (0-96) or the final (1-13) 
value, and was probably caused by the instability of the silver 
oxide, The remaining solutions investigated showed much less) 
variation in their extrapolated P.D.’s, and when isolated pa’s were 
found by means of indicators and compared with those given by 
the scales, they were generally found to agree within half a pq unit. 
The differences in the actual voltage readings, which covered 
equal ranges of hydrion concentration, were usually unequal im 
any two titrations. Thus the change in pu from 1-7 to 12-0 (say) 
would be indicated by the hydrogen and normal calomel electrodes 
by a variation in Z.M.F. from — 0-381 to — 0-975 volt, a difference 
of 0-594 volt. In the case of the lead titration, the oxygen electrode 
E.M.F’s moved over the same range with an almost equal change 
in voltage, viz., from 0-667 to 0-067, a difference of 0-600 volt. In 
the other extreme titration, that of silver nitrate, the H.M.F. 
varied from 0-578 to 0-167 volt, a difference of 0-411 volt only. — 
In order to represent these titrations graphically (Fig. 1), it has 
been found necessary to convert the observed voltages into the 
approximate ~_ values by simple proportion (this vol., p. 1915); 
these values are plotted as ordinates, and the number of ¢.c. of 
alkali added as abscisse. Curve No. 4, representing the titration 
of silver nitrate, is dotted, for, as previously shown, the propor- 
tional hydrion scale is inapplicable. The arrows denote the beginning 
of precipitation. : 
The precipitation of basic mercuric chloride (curve No. 1) began 
when pg 7:4 was attained; the precipitate, at first white, became 
brown as more alkali was added. Precipitation was complete when 
three-quarters of the amount of alkali required for the complete 
decomposition of the mercuric chloride had been added. At this 
point—50-3 c.c. of sodium hydroxide—the addition of more alkali 
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“caused a rapid increase in pg. The basic chloride was readily 
decomposed on the addition of an excess of alkali. The fact that 
exactly 1-5 equivalents of sodium hydroxide were sufficient to 


Approximate py scale, ; 


C.c. of NaOH, 


mansform 1 molecule of mercuric chloride completely into an 
nsoluble basic precipitate seems to furnish good evidence that 
he precipitate first formed was a definite salt, viz., HgCl,, 3HgO. 
some decomposition took place immediately an excess of alkali 


vas added, for after precipitation was complete about 2 c.c. of 
| 4 o** 
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alkali had to be added before the solution attained a marked 
alkalinity. The partial investigation by Toda (Memoirs Coll. Sev. 


Kyoto, 1921, 4, 305) of the ternary system HgO-HCI-H,0 at 35° 


failed to establish the individuality of HgCl,,3HgO. A crystalline 
basic chloride of this composition is stated to occur naturally as 


kleinite and mosesite, and has also been prepared by several workers _ 


(compare Mellor’s “ Treatise,” 1923, Vol. IV, p. 842). 


Curve No. 2 shows that the precipitate obtained from the cadmium 


sulphate solution was also basic. It was heavy and flocculent and 
its composition must have been CdSO,,3Cd(OH),,7H,O, for 49 ¢.c, 


(= 1-5 equivalents) of sodium hydroxide were required for its 


precipitation. Harned (J. Amer. Chem. Soc., 1917, 39, 252) arrived | 


at the same conclusion by conductimetric titration, and Pickering 


(J., 1907, 91, 1981) found that a solution of cadmium sulphate 
was rendered alkaline to phenolphthalein by the addition of 1-46 
equivalents of alkali. 

Curve No. 3, illustrating the precipitation of lead as a basie 
nitrate, is remarkable for the considerable change in hydrion con- 


centration which is shown to have taken place. The mode by 


which the precipitate was formed is yet another example showing 
that precipitation is often brought about by the éoagulation of a 


colloidal solution, initially formed. A faint opalescence occurred 


on the addition of 20-5 c.c. of sodium hydroxide (pa = 6), but 
immediately after another 0-5 c.c. had been added a heavy, white 


precipitate appeared, only to pass, in the course of a few seconds, 


into colloidal solution. Further additions of alkali merely intensi- 
fied the turbidity of the solution, which became opaque after the 
addition of 33:5 c.c. The colloidal solution coagulated when 38 c.¢. 
of alkali had been added. Once again, 1-5 equivalents of alkali 
were required for complete precipitation, showing that the com- 
position of the precipitate was Pb(NO,),,3Pb(OH),,«H,O. The 
existence of such a salt has been claimed by several workers. 
Silver does not appear to give a basic precipitate under these 
conditions, as will be seen from curve No. 4. | 
The precipitation of basic copper sulphate is an excellent example 
to show how the composition of the precipitate may be influenced 
by the manner in which the precipitant is added. When the 
sodium hydroxide was added slowly to a copper sulphate solution, 
and the solution was thoroughly agitated, the precipitate was pale) 
blue, amorphous, and heavy, but when the alkali was added quickly, 
no care being taken to ensure thorough mixing, the precipitate was | 
green and gelatinous and, in contrast to the former precipitate, 
turned black either on standing or on heating. Provided the: 


amount of alkali added was insufficient to render the solution 


Mi 
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alkaline, the gelatinous precipitate, on shaking, gradually became 
converted into the less basic, amorphous precipitate. The pre- 
cipitate obtained in the titration was amorphous and, as will be 
concluded from the amount of alkali (1:47 equivalents) required 
for its precipitation and to render the solution alkaline, contained 
CuO and SO; in the molar ratio 4:1. In his experiments on 
copper sulphate solutions, Pickering (loc. cit.) found that whilst 
1-53 equivalents of sodium hydroxide actually produced complete 
precipitation as basic sulphate, the solution on treatment with 
alkali did not become alkaline to phenolphthalein until about 1-7 
equivalents had been added. This initial alkalinity gradually 
disappeared until approximately 1-8 equivalents had been added. 
It is evident that Pickering obtained complete precipitation as 
CuSO,,3Cu(OH),,2H,O0 in one case. The fact that the initial 
alkalinity did not coincide with the end of precipitation was due 
to the way in which the alkali was added during the testing with 
phenolphthalein. In the present electrometric titration, complete 
precipitation and alkalinity to phenolphthalein took place simul- 
taneously. Pickering believed that the greater amount of alkali 
pointed to the ,precipitation of a mixture of basic sulphates, 
4Cu0,SO, and 10Cu0,SO,; the individuality of the latter he 
thought to be sufficiently established by the amount of alkali 
required to cause final alkalinity. Harned (loc. cit.), by titrating 
with a copper electrode, also found that -precipitation was com- 
plete when 1-7 equivalents of sodium hydroxide had been added. 
Harned’s observation, as was Pickering’s, was due to the manner 
in which the precipitant was added. In a subsequent paper, it 
will be shown that the pale blue, amorphous precipitate is a definite 
basic salt, 4Cu0,SO,,4H,0. 

_ The uranic solution used in the titration was prepared by dis- 
solving so-called uranyl nitrate in nitric acid. The colour of the 
solution was pale yellow, but important changes in the intensity 
occurred during the titration. Curve No. 6 shows that a slight 
inflexion occurred immediately after the acid in excess of that 
irequired to form uranic nitrate had been neutralised with 14-9 c.c. 
of alkali; this, perhaps, may be due to the presence of sexavalent 
uranium nitrate in the solution (compare the titrations of the 
chlorides of zirconium and ferric iron). This small inflexion was 
repeatedly obtained. No appreciable change in colour was observed 
‘until 45 c.c. of sodium hydroxide had been added, the composition 
of the solute then being U(NO5).3g(OH) 69. Thereafter the solu- 
tion, though remaining clear, gradually became deeper in colour 
until 55-8 c.c. of alkali had reacted, the solution then containing 


U(N05)1 08(OH)a 92; at this stage a yellow precipitate abrer to 
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separate. It happened that this change corresponded exactly to 
a new section of the curve, and the point of inflexion corresponded 
to the solution in which the change in shade of yellow was first 
noticed. The diminished hydrion concentrations of the deeply 
coloured solutions, about pg 3-7, were close to that at which pre- 
cipitation began, pg 4:2. The deepening in colour of the highly 
basic solutions seems to have been due to a gradual increase in the 
size of the basic particles, the uranium hydroxide being held in 
solution in a state closely akin to that of a colloid. The hydrion 
concentration of the solution when 48 c.c. of alkali had been added 
was 10°7; the solution then contained the proportions of uranium 
and nitrate present in uranyl nitrate but was much deeper in 
colour than that obtained by dissolving uranyl nitrate crystals. 
The explanation of this difference probably lies in the fact that 
uranyl nitrate is crystallised from strongly acid solutions. On 
solution in water, it tends to revert to a state which is probably 
colloidal, as shown by the changes in colour and in conductivity 
which it undergoes on standing and especially at higher tem- 
peratures (Dittrich, Z. physikal. Chem., 1899, 29, 449). If the 
increase in conductivity which takes place on standing is due to 
the formation of particles which are essentially colloidal, these 
particles must be capable of some kind of ionisation. There seems 
to be very little support for the belief that uranyl salt solutions 
contain the “ uranyl’”’ kation; none is to be found in conductivity 
measurements, which show that the increases in conductivity with 
dilution of solutions of the nitrate, chloride, and sulphate are 
anomalous. 

The diagram shows that precipitation was complete when 64 c.c. 
of alkali had been added as compared with the 64-7 c.c. which were 
required for the complete formation of uranic hydroxide. Hence 
the precipitate was uranic hydroxide containing a very small 
quantity of undecomposed nitrate. The text-books state that 
alkalis precipitate ‘‘ diuranates’’ and not uranium hydroxide; 
e.g., with sodium hydroxide, the precipitate is stated to be Na,U,O, 
(compare Roscoe and Schorlemmer’s “‘ Treatise,” Vol. II, p. 1154, 
revised 1923). Jolibois and Bossuet (Compt. rend., 1922, 174, 
1625) found that the precipitates produced by the action of sodium 
hydroxide on uranyl nitrate solutions contained no nitrate; the 
small quantities of sodium hydroxide present, varying from 1-2 
to 8% they considered to be adsorbed. 

Dilute acid solutions of uranium nitrate or uranyl salt solutions 
themselves, when gently heated, underwent some profound change; 
the colour became deeper and the reverse change on cooling took 
place very slowly. They became alkaline to phenolphthalein when 


oe wal 


PRECIPITATION OF HYDROXIDES. PART IV. 2155 


the theoretical amount of alkali was added, but a precipitate 
separated only when an appreciable excess of alkali had been 
added or the solution had been boiled for some time. The opal- 
escence of the alkaline colloidal solution depended on the tem- 
perature to which the original solution had been heated. The 
deep yellow solutions formed by gentle heating were almost clear, 
whereas those which had been boiled became visibly colloidal. If 
not too great an excess of alkali had been added, the resulting 
colloidal solutions remained quite stable for several days. They 
were coagulable on addition of 1 or 2 ¢.c. of saturated potassium 
chloride solution. Heating thus appeared to have caused some 
change in the state of aggregation of the particles of uranium 
hydroxide or more likely of highly basic salt, which were probably 
in equilibrium with free nitrate ions and were thereby enabled to 
enter into reaction with alkalis so that the uranium hydroxide 
complexes remained in colloidal solution. 

Curve 7 represents the titration of an acid solution of ferric 
chloride and correlates the changes in hydrion concentration with 
the changes in colour. It is something more than a coincidence 
that the colours of solutions containing basic salts should be similar 
to those of their respective hydroxides. The colour of solutions of 
both the basic salts of chromium with strong acids and chromium 
hydroxide is green, and the uranium solutions are pale yellow but 
become intensely yellow as they become more basic and are then 
identical in colour with uranium hydroxide. As is well known, 
ferric chloride solutions freshly prepared or containing an excess 
of free acid, are only slightly coloured; on standing, the solution 
reddens and its colour approaches that of red ferric hydroxide. 
In the present titration the end of the neutralisation of the free 
acid appears to be indicated by an inflexion, at 20-1 c.c. of sodium 
hydroxide. As the solution was rendered more basic, the colour 
gradually changed from yellow to red. It became quite red after 
addition of 30 c.c. of sodium hydroxide, when the composition of 
the solute had become Fe(OH)o.7,Cloog, and with 39 c.c. it began 
to opalesce. Afterwards the solution became increasingly colloidal 
and became opaque at px 3, which, as will be seen from the curve, 
occurred just when the sudden change in hydrion concentration 
had begun. Coagulation set in when the pz had become 6-6 and 
58 c.c. of alkali had been added, the composition of the. basic chloride 
then being Fe(OH),..-Cly-4;. 

As the “colloidal bodtthai persisted until nearly all the chloride 
had reacted, experiments were made to see if it ; 
prevent coagulation while the solution was being subjected to a 
sudden fall in hydrion concentration. As in the case of basic 


| 


were possible to 
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uranium nitrate solutions, this possibility depended on the changes 
which had taken place in the ferric chloride solutions before treat- 
ment with alkali. Aqueous solutions of ferric chloride more dilute 
than N/25, on boiling, acquired a deep red colour, and often remained 
_ colloidal on treatment with N/10-alkali in slight excess. Small, 
red, amorphous precipitates separated in some cases, but even 
then the precipitation was incomplete and the solids did not settle 
until several hours had elapsed. The presence of a little hydro- 
chloric acid in the solutions before heating had some stabilising 
effect on the colloidal solutions which were subsequently produced. 
In one case the colloidal solution remained stable for nearly 3 months. 
This solution was prepared by adding 55 c.c. of WV/10-sodium 
hydroxide to 500 c.c. of a boiling solution containing 100 c.c. of 
N /25-ferric chloride and 10 c.c. of N/10-hydrochloric acid. Tt 
seems certain that the red colour of boiled ferric chloride solutions 
was due to dispersed ferric hydroxide particles, and consequently 
the increase in the size of the basic chloride particles caused by 
rendering the solution alkaline was not so great as that occurring 
in an unboiled solution, and therefore did not produce coagulation. 
The increased stability of the colloidal solutions prepared from 
acidified ferric chloride solutions was probably due to the effect 
of the acid in suppressing the growth of the colloidal particles 
on boiling, thereby giving rise to a more highly dispersed and 
more stable colloidal solution. Prolonged boiling decomposed 
these alkaline colloidal solutions, and they were readily coagulated 
on addition of electrolytes in sufficient amounts. 

It is probable that the solubility product of very weak bases 
such as ferric hydroxide has very little meaning, but in view of 
the recent work of Jellinek and Gordon (Z. physikal. Chem., 1924, 
112, 235) it is interesting to compare their value for [Fe ][OH’?>, 
viz., 10°79, with that given by the titration curve. They measured 
the hydrogen-ion concentrations with the hydrogen electrode of 
solutions of ferric chloride, containing potassium chloride to coagulate 
the colloidal solutions, to which varying amounts of sodium hydr- 
oxide had been added. The concentration of ferric ions in the 
mother-liquor was determined colorimetrically as thiocyanate. 
The latter method is probably unsatisfactory, because the acid 
used would materially affect the concentration of ferric ions in a basi¢ 
ferric chloride solution. If it be assumed that in the titration 
the appearance of opalescence marked the point at which ferric 
hydroxide actually began to separate, and that the amount of free 
ferric ions was equivalent to the remaining amount of alkali to be 
added to decompose the ferric chloride completely, the value for 
the solubility product becomes 10°77. Thus opalescence occurred 
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on the addition of 39 c.c. of N/10-alkali; pg = 2-3. Hence 
[OH’]= 108 and [Fe] = 20-9/39-8 . 100/139 .0-0133 = 10°23. 
Miller (‘Das Eisen und seine Verbindungen,” 1917, p. 281) 
calculated the value 6-5 x 10%" from Bodlander’s formula (Z. 
physikal. Chem., 1898, 27, 66). 


Arrangement of Metals in the Order of the Hydrogen-ion 
Concentrations required for the Precipitation of their 
Hydroxides. 


It was stated in Part I that no principle has yet been found 
which leads to a satisfactory arrangement of the metals such that 
the order is that of the basic strengths of their hydroxides. The 
titrations described in the foregoing pages show that for each 
hydroxide there is a definite hydrogen-ion concentration at which 
its precipitation normally takes place. It is true that the majority 

of the hydroxides are thrown out of solution as basic precipitates, 
but the hydrogen-ion concentrations at which these are precipitated 
probably do not differ greatly from those of the particular hydr- 
‘oxides. The table gives the metals in the order of the hydrogen-ion 
concentrations at which their respective hydroxides are precipit- 
‘ated from dilute solutions. Although it is not certain that this 
: order is that of the actual basic strengths of the hydroxides, it can 
be stated, as will be shown later, that it is these hydrogen-ion 
‘concentration relationships which underlie many of the reactions 
of the various metallic salt solutions. 


| Hydrion Hydrion Hydrion 

/ cone. cone. cone. 

1071 Magnesium Cadmium Copper 

fe 10-7° Praseodymium Chromium 

iw 10-* — Silver Neodymium Lge 

i Manganous Yttrium Aluminium 

| Lanthanum 1077 Samarium 1g+* 

Mercuric Ferrous ( ?) Uranic 

10% Cerous Lead (?) Thorium 

i Cobalt AU pa Zine 10°8 

Nickel Beryllium Stannous 
Zireonium 
Ferric 


_ An arrangement now widely adopted is that based by Abegg 
and Bodlinder (Z. anorg. Chem., 1899, 20, 453) on their theory 
of electroaffinity, which states that the electrolytic potential con- 
stitutes an approximate measure of the basic strength of the metal. 
Comparison with the present arrangement brings out the following 
important differences. According to the position of aluminium 
in the table, aluminium hydroxide is an extremely weak base, 
Weaker than chromium hydroxide, yet aluminium occurs higher 
than chromium in the electropotential series. There is no doubt 
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that both aluminium and chromium hydroxides are much weaker 
bases than manganous hydroxide, and this is also indicated by the 
present scheme, but according to the electropotential series they 
are both placed above manganese. Heyrovsky (Proc. Roy. Soc., 
1923, A, 102, 628) has pointed out that the thallous potential is 
small, which necessitates placing thallium relatively close to hydro- 
gen in the electropotential series, in spite of the fact that thallous 
hydroxide is a strong base and is not precipitated by alkalis. If 
it be assumed that the electrolytic potentials of metals under 
identical conditions are a measure of their electroaffinities, 7.¢., 
the free energies by which the elements take up electric charges, 
it cannot be concluded, as was admitted by Abegg and Bodlander, 
that the potentials as determined are in any way parallel to the 
electroaffinities, for nothing is known of the relative atomic solu- 
bilities of the various metals in water. Unless it is known that 
the number of atoms of the different metals which pass into solu- 
tion is the same, no guarantee can be obtained that an arrangement 
accruing therefrom is in any way true. Heyrovsky attempted to 
amend the above method by introducing such factors as the mass 
of the kation, and obtained an order which he stated “‘ comes out 
right.” Heyrovsky’s system indicates that lead hydroxide is a 
stronger base than magnesium hydroxide, and that mercuric oxide 
is a very weak base, weaker than zinc hydroxide. The present 
table suggests the contrary in both cases. It is well known that 
water becomes alkaline (to litmus) when shaken with mercuric 
oxide, but remains neutral when shaken with zinc oxide. 

It is probable that the present table provides as satisfactory 
an arrangement as any that has been hitherto advanced, as far 
as the general reactions which involve the strength of the base are 
concerned. The position of the hydroxides in the table is the 
important factor in processes for separating hydroxides or basic 
salts, as was shown to be the case in the separation of thoria 
from the rare earths (see Part III). The basic acetate and basic 
succinate methods for the separation of manganese from iron 
depend on the great difference in hydrogen-ion concentration re- 
quired to precipitate their respective hydroxides. Lundell and 
Knowles (J. Amer. Chem. Soc., 1923, 45, 676) have shown that 
the separation may equally well be performed by fractional pre- 
cipitation with ammonia in presence of ammonium chloride, the 
precipitation of the ferric hydroxide being controlled by rendering 
the solution just alkaline to methyl-red, i.e., about pu 6-3. The 
reason for this is apparent from the hydrion table of the hydroxides. 
The table also explains why mercuric oxide can be used as a separ- 
ating agent for various bases. Thus E. F. Smith and Heyl (2. 


THE INTERACTION OF ETHYL ACETOACETATE, ETC. PART I. 2159 


anorg. Chem., 1894, 7, 87) showed that mercuric oxide caused the 
complete precipitation in the cold of ferric, aluminium, and chrom- 
ium hydroxides, the partial precipitation of zinc, cobalt, nickel, 
uranium, beryllium, cerous, and lanthanum hydroxides, and failed 
to precipitate manganous hydroxide. The table shows that the 
hydrogen-ion concentration peculiar to mercuric oxide is greater 
than that required to precipitate manganous hydroxide, is approxim- 
ately equal to that required for lanthana, is somewhat less than that 
required by those hydroxides which were partly precipitated, and 
is considerably less than that of the three bases which were completely 
precipitated. 
Summary. 

(1) The reactions between sodium hydroxide and salt solutions 
of certain metals have been followed with the oxygen electrode, 
the hydrogen electrode being inapplicable. 

_ (2) A scale of hydrogen-ion concentrations has been applied to 
the observed voltages, accurate to the extent of about 0-5 pg unit 
except in the case of the silver nitrate titration. 

(3) Basic precipitates, probably containing definite basic salts, 
were obtained from solutions of mercuric chloride, copper sulphate, 
cadmium sulphate, and lead nitrate. 

_ (4) The precipitate obtained from uranium nitrate solution was 
the hydroxide containing a little nitrate, and not sodium diuranate 
_as is often stated. 

(5) Significant changes in colour were observed in the titrations 
of both uranic and ferric salts. 

(6) The twenty-five hydroxides which have been investigated 
have been arranged in the order of their respective precipitation 
_hydrogen-ion concentrations. 


| ‘In conclusion, the author wishes to thank Prof. J. C. Philip, 
F-.R.S., for kindly placing facilities at his disposal, and the Depart- 
ment of Scientific and Industrial Research for a personal grant. 
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MCXCI—The Interaction of Ethyl Acetoacetate and 
o-Hydroxydistyryl Ketones. Part II. 

‘By Istpor Morris Hemsron, THomas ALFRED Forster, and 
: ABRAHAM BRUCE WHITWORTH. 


: THE condensation of ethyl acetoacetate with o-hydroxydistyryl 
ketones was shown by Heilbron and Forster (J., 1924, 125, 2064) 
to lead to the formation of cyclohexenones and not, as in the case 
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of the o-hydroxymonostyryl derivatives, to pyrones. Further, it 
was found that the position taken up by the #-ketonic ester in the 
conjugated system can be arrived at owing to the fact that when it 
attaches itself to the styryl residue containing the o-hydroxyl the 
resulting cyclohexenone is free of the carbethoxy-group. Thus, 
the interaction of 2’-methoxy-2-hydroxydistyryl ketone with ethyl 
acetoacetate leads to the formation of two cyclohexenones the struc- 
tures of which have been proved to be in accord with the following — 
formule : 


CH.:CO-CH 
HO-C,H,CH:CH,'C-CH:CH-C,H,-OMe 
CO,Et-CH-CO-CH. IL.) 
Me0-C,H,°CH-CH,-C-CH:CH-C,H,OH *~ 
In order to test whether cyclohexenone formation is an invariable 
result of such condensations, the study of this reaction has now been 
extended to the case of the extremely reactive unsymmetrical 4’- 
dimethylamino-2-hydroxydistyryl ketone (XIII), in which the 
greater amount of the free affinity is almost certainly concentrated 
at C(1) (Heilbron and Buck, J., 1921, 119, 1500). In consequence 
of this it was anticipated that ethyl acetoacetate would enter the 
molecule at positions 1—2 (formula XIII), giving rise to the cyclo- 
hexenone (III), if this type of compound were actually formed. 
CH,°CO-CH 
HO-C,H,°CH-CH,°C-CH:CH-C,H,-NMe, 
The result obtained was anomalous, for although a cyclohexenone 
resulted when the reactants were condensed in presence of concen- 
trated aqueous potassium hydroxide, the cyclohexenone contained 
the original carbethoxy-group, and consequently if the deductions 
previously arrived at are correct, must represent the compound of 
structure IV. Now Borsche (Annalen, 1910, 375, 145) has shown 
that whereas distyryl ketone readily reacts with ethyl acetoacetate 
in presence of piperidine, pp’-tetramethyldiaminodistyryl ketone is 
unreactive under these conditions. It has now been ascertained 
that condensation can be brought about under similar conditions 
to those used in the above experiment, resulting in the formation 
of the cyclohexenone (V). 
CO,Et-CH-CO-CH | av 
Me,N-C,H,‘CH:CH,°C-CH:CH-C,H,OH © — 
CO,Ht-CH-CO-CH 
Me,N-C,H,-CH-CH,'C-CH‘CH-C,H,NMe, 
Similarly, by employing 50% potassium hydroxide, 4-dimethyl- 
aminostyryl methyl ketone also reacts with ethyl acetoacetate, 


(I.) 


(IIL.) 


) 


(V.) 


A 
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giving in the first place the saturated cyclohexane derivative (VI), 
from which water can easily be removed with formation of (VI) 


CO,Et-CH-CO-CH, —__,0 CO,Et-CH-CO-CH 
Me,N-C,H,-CH-CH,:C(OH)Me ~~ Me,N-C,H,CH-CH,-UMe 
(VI.) (VIL.) 


It is thus apparent that the p-dimethylamino-group, although 
normally acting as a retarding factor, does not necessarily rule out 
the structure given in (IV). That this truly represents the constitu- 
tion of the ketone under consideration was finally proved by 
oxidising the cyclohexenone with potassium permanganate in acetone 
solution, when salicylic acid was isolated from the decomposition 
products. That the anomalous behaviour is closely connected with 
the peculiar activity of the ketone is evident, for, as shown below, 
it disappears on methylation of the free hydroxyl group, which 
reaction destroys the activity of the compound (Heilbron and Buck, 
loc. cit.). Further, with 4’-dimethylamino-4-methoxy-2-hydroxy- 
distyryl ketone, in which the “ active ”’ properties of the parent 
ketone are also entirely suppressed (compare Heilbron and Whit- 
worth, J., 1923, 123, 238), ethyl acetoacetate yields a cyclohexenone 
with the carbethoxyl eliminated and which consequently must 
possess the structure (VIII). 

CH,°CO-CH 
MeO-(HO)C,H,-CH-CH,-C-CH:CH:C,H,-NMe, 

On the other hand, the isomeric 4’-dimethylamino-3-methoxy- 
2-hydroxydistyryl ketone and also the 5-methoxy-compound, both 
of which are “active” (Heilbron and Whitworth, loc. cit.), yield 
as main products of the condensation cyclohexenones similarly 
constituted to that obtained from 4’-dimethylamino-2-hydroxy- 
distyryl ketone itself. 


CO,Et-CH-CO-CH 
Me0-0,H,-CH-CH,*C-CH:CH-C,H,-NMe, 


(VIIL.) 


(IX.) 


MeN dcr OMe (%.) 
CH(CO,H). (XL) 
HO-C,H,:CH-CH,-CO-CH:CH-C,H,:NMe, 
(TAL rte a i ee an ae OH (XI) 


With 4’-dimethylamino-2-methoxydistyryl ketone, two isomeric 
compounds of empirical formula C,,H,,0,N were isolated. The 
higher-melting cyclohexenone (m. p. 164°), which is only formed in 
minute amount, was shown to be identical with the methyl ether of 
(IV) and consequently must possess the structure (X). The isomeride 


; 
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of m. p. 114° must accordingly have the constitution (IX), the 
reaction in this case having followed the normal course. | 

The primary object of the investigation has been achieved m 
definitely proving that, in all the cases examined, cyclohexenones 
alone are formed as products of the condensation, and the facts 
harmonise well with the mechanism previously suggested to account 
for the elimination of carbethoxyl during the condensation (Heilbron 
and Forster, loc. cit.). 

As regards the point at which ethyl acetoacetate enters the 
molecule, this must certainly depend largely on the polar character 
of the substituent groups and their total effect upon the doubly- 
conjugated system. The authors feel, however, that the question is 
too complex to allow of an immediate explanation and that no good 
purpose would be served by attempting this until the effect of polar 
influences in less complicated molecules is more thoroughly under- 
stood. It is also possible that other factors have to be taken into 
account and that steric influences play a part in determining the 
position taken up by the entering group. Thus in the case of 4° 
dimethylamino-2-hydroxydistyryl ketone it is conceivable that 
ethyl acetoacetate, probably through the intermediate formation 
of a labile addition product, brings about a transformation of the 
co-ordinated cis-form of the ketone (XIII) into a trans-isomeride 
(XIV), a rearrangement which must necessarily modify the dis- 
tribution of residual affinity effects. 


H 2 
CH=0K tat CO-CH:CH-C,H,-NMe 
ANS 0 (2) CH=C 
bigs C-CHSUH i pg A NOY Soe 
aH ee aes of ora asi Les bead 
sa en Og 
(XIII.) aK : (XIV.) 


This suggestion is supported to some extent by the observation 
recorded by Heilbron and Buck (loc. cit.) that, whereas 4'-dimethy]l- 
amino-2-hydroxydistyryl ketone is characterised by the ease with 
which it forms molecular addition compounds and is indeed exceed- 
ingly difficult to isolate free from solvate addenda, this may be readily 
accomplished by crystallisation from ethyl acetoacetate. Again 
the profound effect which this ester exerts on the configuration of 
unsaturated ketones is exemplified in the yellow form of o-hydroxy- 
styryl methyl ketone, which is readily transformed into its colourless 
isomeride by crystallisation from this substance (McGookin and 
Heilbron, J., 1924, 125, 2099). On the other hand, ethyl cyano- 
acetate does not induce isomerism of this type (unpublished work) 


re 
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and it might consequently be expected that in this case addition 
would take place at the usually reactive unsaturated centre. In 
presence of 50% sodium hydroxide a condensation product of empiri- 
cal formula C,,H,,0,N was isolated to which either formula (XI) 
or (XII) could be ascribed. That the former correctly represents 
the structure of the compound was shown by treatment of the 
dicarboxylic acid with concentrated potassium hydroxide solution, 
when fission of the molecule occurred with production of p-dimethyl- 
aminobenzaldehyde. In considering the formation of this aldehyde, 
it has to be borne in mind that the effect of the strong alkali might 
possibly produce a type of reversed Michael reaction, in which case 
the presence of the p-dimethylaminobenzaldehyde would simply 
result through disintegration of the distyryl ketone, fission occurring 
at the double bonds. That this, however, was not the case was 
evident from the fact that no trace of salicylaldehyde was found in 
the reaction mixture. 


ExPERIMENTAL. 


Ethyl 3-p-Dimethylaminophenyl-5-0-hydroxystyryl-A°-cy clohexene- 

1-one-2-carboxylate (IV).—A solution containing 4’-dimethylamino- 
2-hydroxydistyryl ketone (4 g.), ethyl acetoacetate (8 c.c.), absolute 
alcohol (20 ¢.c.), and potassium hydroxide solution (3 c.c. of 20%) 
was allowed to stand at room temperature for 24 hours. The 
precipitated product (2 g.) was collected and crystallised from either 
absolute alcohol or benzene. It separates in orange-yellow prisms 
(m. p. 196°) containing 1 mol. of solvent, from-which it can be freed 
by heating in the steam-oven. It dissolves in concentrated sulphuric 
acid, giving the deep red solution characteristic of this type of 
eyclohexenone (Found in material crystallised from alcohol : C, 
72:0; H, 7-4; N, 3-1. C,,H,,0,N,C,H,O requires C, 71-9; H, 7-3; 
N, 31%. Found in material crystallised from benzene: C, 76-8; 
H, 6-9; N, 2-9. C,;H,,0,N,C,H, requires C, 77-0; H, 6-9; N, 
2-99. Found in anhydrous compound: C, 73-9; H, 6-7; N, 3-1. 
C,.H,,0,N requires C, 74:1; H, 6-7; N, 3-4%). 
Oxidation —About 1 g. of the substance dissolved in acetone was 
treated at room temperature with finely-powdered potassium 
permanganate, added in very small portions at a time. When the 
oxidation was complete, the mixture was filtered and the residue 
Suspended in water and treated with sulphur dioxide until the 
manganese dioxide had dissolved. As no solid separated, the solution 
was made strongly acid with hydrochloric acid and ether-extracted. 
On removal of solvent, colourless needles were obtained and identified 
as salicylic acid by mixed m. p. with an authentic specimen of the 
acid and also by the characteristic ferric chloride coloration. 
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3-p-Dimethylaminophenyl-5-6-hydroxystyryl-A®-cyclohexene - | - one- 
2-carboxylic Acid.—The previous ester was saponified by heating 
for 3 hours on the steam-bath with sodium hydroxide solution. 
The red, pasty mass was dissolved in water, and the acid precipitated 
by addition of dilute acetic acid. The pure compound crystallised 
from alcohol in yellow plates, m. p. 225° (Found: C, 73-3; H, 6-0. 
C,3H,,0,N requires C, 73:3; H, 6-1%). 

3-p-Dimethylamino-5-o-hydroxystyryl-A°-cyclohexene - 1 -one.— The 
free acid was dissolved in glacial acetic acid and boiled for 1 hour 
with 20° sulphuric acid. After cooling, the green liquid was 
carefully neutralised with dilute alkali, and the precipitated cyclo- 
hexenone crystallised from methyl] alcohol, from which it separated 
in yellow, felted needles, m. p. 232° (Found: C, 78-9; H, 6-9: 
Cy.H,,0,N requires C, 79-3; H, 6-9%). 

Hthyl 3-p-Dimethylamino-5-o-methoxystyryl-A®-cyclohexene-1-one- 
2-carboxylate (X).—By direct methylation of the corresponding 
hydroxy-compound by the usual methods, only uncrystallisable 
products were obtained. The pure methyl ether was readily pro- 
duced, however, by methylation in acetone solution according to 
Heilbron and Buck’s method (loc. cit.). It separates from high- 
boiling ligroin in lemon-yellow prisms, m. p. 164°, and dissolves in 
alcoholic potash to a yellow, and in concentrated sulphuric acid 
to a red solution (Found: C, 74:4; H, 7-0. C,,H,.O0,N requires 
Oy TAO, 16-9 Vis 

Hthyl 3-0-Methoxyphenyl-5-p-dimethylaminostyryl-A°-cyclohexene- 
l-one-2-carboxylate (IX).—A solution of  4’'-dimethylamino-2- 
methoxydistyryl ketone (3 g.) and 3 c.c. of ethyl acetoacetate in 19 
c.c. of alcohol was heated for 3 hours on the steam-bath with potass- 
ium hydroxide solution (3 c.c. of 20%), the colour changing from 
deep red to orange. On gradual dilution with water a semi-solid 
mass was deposited which proved exceedingly difficult to crystallise, 
but this was finally accomplished by means of alcohol in presence of 
animal charcoal. Microscopic examination of the crystals revealed 
the presence of two substances, which were separated by repeated 
fractionation from carbon disulphide into a main fraction of the 
above ester (m. p. 112°) and a small quantity of a substance, m. p. 
160°, which was identical with the methyl ether obtained by 
methylation of the hydroxy-cyclohexenone (IV). 

Kthyl 3-0-methoxyphenyl-5-p-dimethylaminostyryl-A°-cyclohexene- 
1-one-2-carboxylate can be conveniently prepared in good yield free 
from the higher-melting isomeride by treating an alcoholic solution 
of the ketone (6 g.) and ethyl acetoacetate (8 c.c.) at room temperature 
with potassium hydroxide solution (6 ¢.c. of 20%). After a few 
hours the red solution was inoculated with a crystal of the lower- 
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melting ether and kept for 2 days. The crude product (5 g.) 

_erystallises from ether in orange needles (m. p. 114°) which are 
extremely hygroscopic and change colour to brick-red on standing 
in moist air (Found: C, 74:2; H, 7-2. C,,H,.0,N requires CO, 
74:5; H, 6:9%). 

Ethyl 1-Methoxy-3-0-methoxyphenyl-5-p-dimethylaminostyryl-A1:5. 
eyclohexadiene-2-carboxylate—This substance was prepared by 
dissolving the corresponding cyclohexenone (m. p. 114°) in sodium 
ethoxide solution and heating under reflux with methyl iodide for 
2 hours. It separates from ether in pale yellow needles; m. p. 148° 
(Found: C, 74:2; H, 7-4. C,,H,,0,N requires C, 74:8; H, 7-2%). 

Ethyl 3-p-Dimethylaminophenyl-5-p-dimethylaminostyryl-A®-cyclo- 
hexene-l-one-2-carboxylate (V).—A solution containing 3-2 g. of 
4: 4’-tetramethyldiaminodistyryl ketone (Sachs and Lewin, Ber., 
1902, 35, 2576), ethyl acetoacetate (5 c.c.), and alcohol (10 ¢.c.) was 
heated under reflux for 1 hour with sodium hydroxide solution 

{1 c.c. of 50%). The clear red liquid was filtered from deposited 
sodium carbonate, and the cyclohexenone, which separated on cooling, 
repeatedly crystallised from absolute alcohol. It forms orange- 
yellow needles, m. p. 174—175°; the phenylhydrazone melts at 239° 
mound: ©, 74:8; H, 7:5; N, 6-7. C,,H,.0,N, requires C, 75-0; 

mH, 7:4; N, 6-5%). 

Hthyl 3-p-Dimethylaminophenyl-5-methylcyclohexane-5-ol-1-one-2- 
carboxylate (V1)—A hot alcoholic solution of 4-dimethylamino- 
styryl methyl ketone ‘(4 g.) and ethyl acetoacetate (6 c.c.) was 
treated with sodium hydroxide (1 c.c. of 50%), and the resulting 
red solution kept for 12 hours at room temperature. The cyclo- 
hexane crystallises from high-boiling ligroin in colourless needles, 

m. p. 149° (Found: C, 67-7; H, 8-1; N, 4:4. C,.H,;0,N requires 

©, 67-8; H, 7-9; N, 43%). The phenylhydrazone separates from 

absolute alcohol in colourless crystals, m. p. 179° (Found : N, 10-3. 
C,,H,,0,N, requires N, 10-3%). 

 EKihyl  3-p-dimethylaminophenyl-5-methyl-A°-cyclohexene-1-one-2- 
carboxylate (VII) is formed on heating an alcoholic solution of the 

Shove compound with excess of 10% sodium hydroxide solution, 

when an oily mass is produced which slowly solidifies. The cyclo- 
kexenone crystallises from methyl alcohol after treatment with 
charcoal in glistening plates, m. p. 66° (Found: N, 4:8. Cy gH,30,N 

Tequires N, 4:7%). 

Ethyl 3-p-dimethylaminophenyl-5-(3'-methoxy-2' -hydroxy)styryl-A°- 

_eyclohexene-1-one-2-carboxylate was prepared by boiling an alcoholic 

‘solution of 4’-dimethylamino-3-methoxy-2-hydroxydistyryl ketone 

(5 g.) and ethyl acetoacetate (2 mols.) for 3 hours under reflux with 

sodium hydroxide solution (3 c.c. of 40%). After removal of inor- 
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ganic material by filtration, the crude cyclohexenone was purified 
by repeated crystallisation first from absolute alcohol and finally 
from high-boiling ligroin. It forms yellow crystals, m. p. 197— 
198°, readily soluble in chloroform and benzene, sparingly soluble 
in alcohol (Found: C, 71:6; H, 6:5. C,,H,0;N requires C, 71-8; 
BLS G:2.9/5)s 

3-(4'- Methoxy-2'-hydroxy)phenyl-5-p-dimethylaminostyryl-A°-cyclo- 
hexene-1-one.—An alcoholic solution containing 4’-dimethylamino-4- 
methoxy-2-hydroxydistyryl ketone (6 g.) and ethyl acetoacetate 
(8 g.) was heated for } hour on the steam-bath with 6 c.c. of 50% 
sodium hydroxide. After cooling, the solution was filtered from a 
small quantity of material which could not be further purified, and 
the filtrate diluted with water. The red, amorphous solid thus 
obtained was dried and repeatedly crystallised from benzene. The 
pure cyclohexenone forms orange-red crystals, m. p. 218° (Found : 
C, 75-8; H, 6-9. C,,H,;O,N requires C, 76-0; H, 6-9%). 

Hihyl 3-p-Dimethylaminophenyl-5-(5'-methoxy-2’-hydroxy)styryl-A?- 
cyclohexene-1-one-2-carboxylate.—4'-Dimethylamino - 5 - methoxy - 2 - 
hydroxydistyryl ketone (4 g.) and ethyl acetoacetate (8 g.) were 
treated in alcoholic solution with aqueous sodium hydroxide (8 c.c. 
of 20%). After 3 days, the solution was filtered from a small 
quantity of solid, and the filtrate slowly diluted with water, when 
the cyclohexenone ester was precipitated. It crystallises from 
benzene with 1 mol. of solvent of crystallisation in yellow crystals, 
m. p. 196—197° (Found: C, 74:9; H, 7-2. C,,.H.0O;N,C,H, 
requires C, 74:8; H,6-8%). The residue was washed with water to 
remove inorganic material and crystallised from aqueous pyridine. 
It separated in orange crystals, m. p. 250°. Analysis of this com- 
pound shows that the carbethoxyl has been split off, from which it 
follows that its structure corresponds to 3-(5’-methoxy-2’-hydroxy)- 
phenyl-5-p-dimethylaminostyryl-A°-cyclohexene-l-one (Found: C, 
75-9; H, 6-9. C,,H,,O,N requires C, 76-0; H, 6-9%). 

y-p-Dimethylaminocinnamoyl-B-o-hydroxyphenylpropane-aa'-dicarb- 
oxylic Acid (XI)—A mixture containing 4’-dimethylamino-2- 
hydroxydistyryl ketone (8-2 g. of chloroform addition product) and 
8 c.c. of ethyl cyanoacetate in 25 c.c. of hot alcohol was treated with 
sodium hydroxide solution (8 c.c. of 50°), when a deep red coloration 
rapidly developed and ammonia was evolved. After 16 hours the 
reaction mixture was filtered from tarry and inorganic material, 
diluted to 2000 c.c., and the clear orange-red solution rendered acid 
with dilute acetic acid. As an examination of the precipitated 
product after crystallisation from benzene indicated that two sub- 
stances were present, the whole was boiled with sodium hydroxide 
solution until all evolution of ammonia had ceased. After again 
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rendering acid, the precipitated product was purified by repeated 
crystallisation from nitrobenzene, when glistening, orange needles, 
m. p. 220°, were obtained (Found: C, 66-3; H, 5:8. CopH5,0,N 
requires OC, 66-5; H, 5-8%). That the ethyl cyanoacetate had 
entered the molecule at positions 1 and 2 (XIII) was proved by 
slowly running a concentrated alkaline solution of the acid from a 
dropping-funnel on to boiling potassium hydroxide solution (50 c.c. 
of 70%) contained in a distillation flask, fitted with a condenser. 
Pale green crystals (m. p. 66°) separated from the collected steam 
distillate and were identified as p-dimethylaminobenzaldehyde by 
mixed m. p. determinations with an authentic specimen and by the 
formation of the phenylhydrazone. The residue left in the flask 
was carefully examined for the presence of salicylaldehyde, but no 
trace either of this or of salicylic acid could be found. 


The authors desire to thank the Council of the Department of 
Scientific and Industrial Research for a grant in aid to one of them 
(T. A. F.) which has enabled this work to be carried out. 
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CCXCII.—Chemical Reactivity and Conjugation. Part 
II, The Reactivity of the 2-Methyl Group in the 
4-Quinazolone Series. 


By Istpor Morris Herron, Francis Nort KircHen, Epwarp 
BurpDoN ParRKES, and GEORGE DONALD SuTTON. 


Ir has previously been demonstrated (Heilbron, Barnes, and Morton, 
J., 1923, 123, 2559) that the reactivity of the 2-methyl group in 
2 : 3-dimethylchromone is conditioned by its capacity to pass into 
the activated polarised form (I) and that this effect can be entirely 
suppressed by replacement of hydrogen for methoxyl in position 
7, the substituted 7-methoxy-2 : 3-dimethylchromone (II) being 
entirely unreactive owing to neutralisation of partial valency forces. 


O-- ‘4 
Car | 
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_ The examination of this phenomenon has now been extended to 
the 4-quinazolone series, which has been widely investigated by 
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Bogert and his collaborators. That 2: 3-dimethyl-4-quinazolone 
(V) contains a reactive methyl group has been demonstrated by the 
preparation of 9-styryl-3-methyl-4-quinazolone (Bogert, Beal, and 
Amend, J. Amer. Chem. Soc., 1910, 32, 1654) and we have now been 
able to show that the isomeric 1 : 2-dimethyl-4-quinazolone (V1) 
also is capable of yielding styryl derivatives. 

This latter compound was first prepared by Weddige (J. pr. Chem., 
1887, 36, 152) by direct methylation of anthranilamide followed by 
acetylation and subsequent loss of water from the acetyl methyl 
derivative. On testing this method, it was found that the yield ot 
methylanthranilamide produced was poor owing to simultaneous 
formation of anthranilamide dimethyl ether. Other methods were 
therefore sought, starting from methylanthranilic acid itself. As 
distillation of the ammonium salt failed to yield the amide, an 
attempt was made to obtain the 1: 2-dimethyl-4-quinazolone 
directly by distillation of the ammonium salt of acetylmethyl- 
anthranilic acid, but although some of the desired substance was 
obtained the yield was again unsatisfactory. 


CO 
(IIT.) aan a ‘CH (IV.) 
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As these methods failed to give the required amide, attention 
was next directed to an investigation of Niementowski and Rozanski 
(Ber., 1889, 22, 1672), who found that isatoic anhydride was readily 
converted into anthranilamide by 0-88 ammonia. The preparation 
of methylisatoic anhydride (III) proved a simple matter, a quantita- 
tive yield of this substance being obtained on treatment of methyl- 
anthranilic acid successively with chloroformic ester and acetyl 
chloride (compare Bredt and Hof, Ber., 1900, 33, 27). With con- 
centrated ammonia, it passes readily into methylanthranilamide, 
a reaction which incidentally furnishes fresh proof of the correctness 
of the anhydride structure of isatoic acid (compare Erdmann, Ber., 
1899, 32, 2159). ‘ 

As in the case of 2 : 3-dimethylchromone, both the | : 2-dimethyl- 
4-quinazolone and the isomeric 2 : 3-dimethyl compound readily 
condense at room temperature with aromatic aldehydes in presence 
of alcoholic sodium ethoxide to yield 2-styryl derivatives, the more 
drastic conditions of boiling the reactants together as employed by 
Bogert, Beal, and Amend (loc. cié.) being unnecessary. 

In both these compounds we consider that the reactivity of the 
methyl group is conditioned by the tendency of the unsaturated 
nitrogen atoms, as with the carbonyl oxygen atom of 2: 3-dimethyl- 
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chromone, to acquire a slight negative charge, thus producing an 
activated phase of the molecule which, in its final state, may be 


represented as completed isomeric change into the methylene forms 
(VII and VIII). 


( i : 
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It will be observed that in the case of VI a conjugated system, 
analogous to that contained in 2 : 3-dimethylchromone, is present 
and it is thus conceivable that, if the activity is conditioned by the 
presence of this system, substitution of methoxy] for hydrogen in the 
7-position might be capable of suppressing the reactivity of the 
2-methyl group owing to neutralisation of valency forces. In order 
experimentally to test this point, 7-methoxy-1 : 2-dimethyl-4-quin- 
azolone was prepared from 4-methoxyanthranilic acid (Ullmann and 
Dootson, Ber., 1918, 51, 9) by a series of reactions similar to those 
detailed in the preparation of the unsubstituted 1 : 2-dimethyl- 
4-quinazolone. On treatment of this compound with piperonal in 
presence of alcoholic sodium ethoxide a styryl derivative was readily 
formed, thus showing that the reactivity of the 2-methyl group in this 
ease is dependent mainly on the activation of the nitrogen atom in 
position 3. 7-Methoxy-2 : 3-dimethyl-4-quinazolone has also been 
prepared and, as was to be anticipated, proved to be a reactive 
‘substance, the reactivity in this case being conditioned by the 
nitrogen atom in position 1. An examination of the formula 
representing the polarised form of 2 : 3-dimethyl-4-quinazolone 
reveals the fact that in the case of 6-methoxy-2 : 3-dimethy]l- 
4-quinazolone there is a possibility of complete neutralisation of 
valency forces being effected (IX), and if this occurred the nitrogen 
atom in position 1 would be rendered inactive. The preparation 
of this compound and also the isomeric 6-methoxy-1 : 2-dimethy]l- 
4-quinazolone was carried out as described in the experimental 
portion. Under no conditions, however, could 6-methoxy-2 : 3-di- 
methyl-4-quinazolone be induced to condense with aromatic 
aldehydes, the compound being recovered unchanged even when the 
Teactants were heated to high temperatures in presence of a con- 
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densing agent. On the other hand, 6-methoxy-1: 2-dimethyl- 
4-quinazolone, which is incapable of forming a closed valency 
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circuit, readily yields styryl derivatives when an alcoholic solution 
of the components is treated with sodium ethoxide. 

As regards the degree of activity noted, it appears general that 
the 1 : 2-dimethyl-4-quinazolones are more reactive than the corre- 
sponding 2 : 3-dimethy] isomerides. This enhanced effect is probably 


due to the presence of the conjugated system 0=C—N=C-CH, 
in the former series, and in agreement with this it is found that a 
certain retardation of activity is noticeable in the case of 7-methoxy- 
1: 2-dimethyl-4-quinazolone, thus showing that neutralisation 
effects (X), although not sufficient to prevent reaction, do neverthe- 
less come into play. . 
An interesting point worthy of record was noted during the 
preparation of 4-methoxyanthranilic acid from o-nitro-p-cresol 
methyl ether. Ullmann and Dootson recommend direct oxidation 
of this compound to the corresponding 2-nitro-4-methoxybenzoie 
acid with subsequent reduction to the anthranilic acid. As this 
method is somewhat laborious, attempts were made first to reduce 
the nitrocresol methyl ether to the amino-compound and then to 
oxidise the acetylamino-derivative to the acid as detailed by Fried- 
lander, Buchner, and Deutsch (Annalen; 1912, 388, 44). o-Amino- 
p-cresol methy] ether was first prepared by Knecht (Annalen, 1882, 
215, 83) by reduction of o-nitro-p-cresol methyl ether with tin and 
hydrochloric acid and described as a colourless solid, m. p. 47°. 
On repeating this experiment, an amine (m. p. 112°) was obtained 
from the steam distillate, which after recrystallisation melted at 
116°, and was apparently identical with the compound, m. p. 111", 
originally obtained by Limpach (Ber., 1889, 22, 791; 1891, 24, 
4136). On examination of this substance, we found that it is 
actually a chlorinated amine to which the constitution IV has been 
assigned, the reaction obviously having followed a similar course to 
that occurring during the reduction of p-nitrophenetole under 
similar conditions (Hurst and Thorpe, J., 1915, 107, 924). 


EXPERIMENTAL. : 


2 : 3-Dimethyl-4-quinazolone was prepared in good yield by treat- 
ment of acetanthranil with methylamine solution according to 
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Bogert and Seil’s method (J. Amer. Chem. Soc., 1907, 29, 529). 

It forms colourless needles (from water) containing 1 mol. of solvent, 
m.p. 72°. The anhydrous compound is obtained by heating in the 
steam-oven and melts at 112°. 

Condensation Products.—In all cases, unless otherwise stated, 
these were prepared by allowing an alcoholic solution of the reactants 
to stand at room temperature in presence of sodium ethoxide as 
condensing agent. The styryl derivative either separates out 
directly from the alcoholic solution or on dilution with water. 

2-Styryl-3-methyl-4-quinazolone was originally prepared by Bogert, 
Beal, and Amend (loc. cit.) by boiling 2 : 3-dimethyl-4-quinazolone 
with benzaldehyde. It is also readily produced by the method 
described above and forms pale yellow, silky needles, m. p. 167° 
(Bogert gives 170°). 

4’. Methoxy-2-styryl-3-methyl-4-quinazolone forms bright yellow 
needles from alcohol, m. p. 146°, soluble in dilute hydrochloric acid, 

giving an orange-coloured solution (Found: N, 9:5. C,,H,,0,N. 
requires N, 9-6%). 

3’ : 4'-Dimethoxy-2-styryl-3-methyl-4-quinazolone separates in yel- 
low plates from benzene, m. p. 208° (Found: N, 8:6. C,)H,,0,N, 
requires N, 8-7%). 

 8' : 4'-Methylenedioxy-2-styryl-3-methyl-4-quinazolone forms bright 
yellow needles, m. p. 185° (Found: N, 9-0. Cj, ,H,,0,N, requires 
nN, 9-2%). 

4'. Dimethylamino - 2 - styryl -3 - methyl - 4 - quinazolone crystallises 
from alcohol in orange-red needles, m. p. 175°. The solution in 
dilute hydrochloric acid is dark red (Found: N, 13-8. C,H ,,ON3 
requires N, 13-8%). | 

Methylisatoic anhydride was produced from methylanthranilic acid 
according to the method employed by Bredt and Hof (Joc. cit.) for 
the production of isatoic anhydride. The acid was refluxed with 
chloroformic ester (3 mols.) until a clear solution resulted, after 
which a slight excess of acetyl chloride was added and the heating 
continued until all evolution of hydrogen chloride had ceased. On 
cooling, methylisatoic anhydride separated in quantitative yield in 
colourless prisms, m. p. 180° (Found: N, 7:9. C,H,O,N requires 
a, 7°9°%). 

The carbethoxy-derivative of methylanthranilic acid forms colour- 
less crystals, m.p. 108° (Found: N,6-4. C,,H,3;0,N requires N,6-3%). 

Methylanthranilamide was produced in quantitative yield by 
boiling methylisatoic anhydride with 0°88 ammonia. The thick, 
white precipitate was filtered off and crystallised from alcohol, from 

‘which the pure amide separated in colourless needles, m. p. 162”. 
1 : 2-Dimethyl-4-quinazolone was obtained in excellent yield by 


4 


2172 HEILBRON, KITCHEN, PARKES, AND SUTTON: 


boiling N-methylanthranilamide with excess of acetic anhydride 
until the volume of the solution had been reduced to about one-half, 
after which it was diluted with water, rendered alkaline, and again 
boiled for about 10 minutes. The crude quinazolone separated 
on cooling and was purified by crystallisation from water, forming 
silky needles containing water of crystallisation. The anhydrous 
compound (m. p. 203°) is obtained by heating in the steam-oven 
(Weddige gives 199°). 

2-Styryl-1-methyl-4-quinazolone crystallises from aqueous ator 
in cream-coloured needles, m. p. 245° (Found: N, 10-8. C,,H,,0ON, 
requires N, 10-7%). 

4'. Methoxy-2-styryl-1-methyl-4-quinazolone forms bright yellow 
needles from aqueous alcohol, m. p. 94°, containing 2H,O. The 
anhydrous compound melts at 156° and dissolves in dilute hydro- 
chloric acid with a deep yellow colour (Found: N, 9:6%). 3’: 4’-. 
Methylenedioxy-2-styryl-1-methyl-4-quinazolone forms yellow needles, 
m. p. 264° (Found: N, 9:1%). 4'-Dumethylamino-2-styryl-1-methyl- 
4-quinazolone forms orange needles, m. p. 274°. The solution in 
dilute hydrochloric acid is bright red (Found : N, 13-7%). 

6 - Nitro - 3 - hydroxybenzaldehyde.—m - Hydroxybenzaldehyde was 
nitrated as detailed by Pschorr (Annalen, 1912, 394, 28). The 
crude nitration product was boiled under reflux with four times its 
weight of benzene for 4 hour, allowed to cool to 50°, and rapidly 
filtered. Employing this temperature instead of the lower tempera- 
ture of 45° used by Pschorr rendered the separation much more 
complete. 6-Nitro-3-hydroxybenzaldehyde * separates from boil- 
ing water in long, yellow needles, m. p. 166° (yield 34% of theory). 

6-Niiro-3-methoxybenzaldehyde was originally obtained by Pschorr, 
but no details of his method are given. A.95% yield of the ether is 
readily obtained by the following procedure: 6-Nitro-3-hydroxy- 
benzaldehyde (50 g.) was dissolved in the calculated amount of 
potassium hydroxide solution and warmed at 60°, after which methyl 
sulphate (56 c.c.) was added and the mixture well shaken. After 
cooling, the solution was made alkaline; the methyl ether, 
which rapidly separated, crystallised from alcohol in colourless 
needles, m. p. 82°. 

6-Nitro-3-methoxybenzoic Acid.—The oxidation of the aldehyde | 
was carried out by suspending it (20 g.) in 1500 c.c. of warm dilute 
potassium hydroxide solution (1 mol. KOH) and gradually adding 
the calculated amount of a 2% solution of potassium permanganate, 
the whole being mechanically stirred. The alkaline filtrate was 


* The preparation of this compound in good yield (87%) has been much 
simplified by Mason (this vol., p. 1195), whose paper appeared after the 
completion of the work described in this communication. — 
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rendered acid, the solution saturated with salt and ether-extracted. 
After removal of solvent the crude acid was crystallised from 
alcohol, separating in colourless needles, m. p. 97° (yield 87%). 
It is essential to employ the pure aldehyde in this oxidation, other- 
wise the yield of acid is largely reduced. This substance was found 
to contain 1 mol. of water of crystallisation, the anhydrous acid 
which is obtained by heating in the steam-oven melting at 133° as 
given by Pschorr. 

5-Methoxyanthranilic acid was prepared by Pschorr (loc. cit.) by 
reduction of the nitro-acid with ferrous sulphate and ammonia. A 
more satisfactory method is to carry out the reduction by means 
of stannous chloride and concentrated hydrochloric acid, when a 
75% yield of the required acid results. 

5-Methoxyacetanthranil.—The method employed was similar to 
that described by Bogert (J. Amer. Chem. Soc., 1911, 33, 949). 
5-Methoxyanthranilic acid was gradually added to excess of boiling 
acetic anhydride, when a vigorous reaction occurred with precipita- 
tion of a yellow solid which dissolved on further heating. On allow- 
ing the solution to cool, the anthranil was deposited in quantitative 
yield. It crystallises from benzene in colourless, prismatic needles, 
m. p. 124° (Found: N, 7-5. C,)H,O,N requires N, 7-3°%). 

6-Methoxy-2-methyl-4-quinazolone—On boiling the anthranil for 
1 hour under reflux with a large excess of 0-88 ammonia, it gradually 
dissolved and as the reaction proceeded the quinazolone separated 
out. It forms glistening needles (from aqueous alcohol), m. p. 
270°,(Found: N, 14-7. CjH,)0,N, requires N, 147%). 

6-Methoxy-2 : 3-dimethyl-4-quinazolone was prepared in an analo- 
gous manner by employing alcoholic methylamine solution and was 
also easily obtained by the action of methyl] sulphate on an alkaline 
solution of the 2-methylquinazolone. It separates from boiling 
water in colourless needles containing 1 mol. H,O, m. p. 87°. The 
anhydrous compound is readily formed on heating the hydrated 
substance in a steam-oven and melts at 133° (Found: N, 13-9. 
C,,H,,0,N, requires N, 13-7%). 
| Attempts were made to condense this quinazolone with aromatic 
aldehydes by condensation in presence of alcoholic sodium ethoxide 
both in the cold and heat, but in each case unchanged substance was 
recovered. The quinazolone was also heated with piperonal alone 
under precisely similar conditions to those employed by Bogert 
(loc. cit.), but on extracting the melt practically the whole of it was 
tecovered unchanged. This experiment was repeated in presence 
of zinc chloride as condensing agent, but here again unchanged 
Yuinazolone was obtained. 
_ 5-Methoxymethylanthranilic acid was prepared according to 
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Willstatter and Kahn’s method (Ber., 1904, 37, 408) by direct 
methylation of the sodium salt of the acid with methyl sulphate in 
the cold. It separates from benzene after treatment with animal 
charcoal in yellow needles, m. p. 163°. Both the ethereal and the 
aqueous solution exhibit a strong blue fluorescence (Found: N, 
7:7. CyH,,0,N requires N, 7:7%). 

6-Methoxymethylisatoic anhydride was prepared as previously 
described. It crystallises from acetone in colourless needles, m. p. 
233° (Found: N, 6:6. C4 H,O,N requires N, 6-8%). On refluxing 
with excess of 0-88 ammonia, it is converted into 5-methoxymethyl- 
anthranilamide, which separates from boiling water in colourless 
needles, m. p. 145° (Found : N, 15-5. C,H ,0,N, requires N, 15-6%). 

6-Methoxy-1 : 2-dimethyl-4-quinazolone.—On treatment of the 
amide with acetic anhydride as described in the preparation of the 
unsubstituted 1: 2-dimethyl-4-quinazolone, it is quantitatively 
converted into 6-methoxy-1 : 2-dimethyl-4-quinazolone, which 
crystallises: from water in long, colourless needles, m. p. 220° 
(Found : N, 13-8%). 

6-Methoxy-3' : 4’-methylenedioxy -2- styryl -1- methyl -4- quinazolone. 
Unlike the inactive isomeric 6-methoxy-2 : 3-dimethyl-4-quin- 
azolone, the 1 : 2-dimethyl compound reacts readily with aromatic 
aldehydes, the condensation with piperonal being completed in the 
cold after 12 hours. By warming on the water-bath the reaction 
igs much accelerated, the condensation product commencing to 
separate after 10 minutes. The crude product was purified by 
recrystallisation from alcohol and formed microscopic, yellow 
needles, m. p. 284° (Found : N, 8-2. C,)H,,0,N2 requires N, 83%). 

4-Methoxymethylanthranilic acid was prepared from 4-methoxy- 
anthranilic acid by direct methylation with methyl sulphate. It 
separates from alcohol in colourless needles, m. p. 165° (Found: 
N, 7:8%). The conversion of this acid into 7-methoxymethylisatore 
anhydride follows the directions previously given. The substance 
erystallises from acetone in colourless prisms, m. p. 200° (Found : 
N, 69%). On treatment with 0-88 ammonia it is quantitatively 
converted into 4-methoxymethylanthranilamide, which crystallises 
from alcohol in colourless needles, m. p. 138° (Found: N, 15-6%). 

7-Methoxy-1 : 2-dimethyl-4-quinazolone was prepared in an analo- 
gous manner to that of the isomeric 6-methoxy-compound, and after 
treatment with animal charcoal separated from absolute alcohol in 
colourless crystals, m. p. 193°. It crystallises from water with 1 mol. 
H,O and melts indefinitely at about 135° (Found : N, 12-6. 
C,,H,.0,N., H,O requires N, 126%). 

7- Methoay -3' : 4’- methylenedioxy-2-styryl -1- methyl -4- quinazolom 
forms yellow needles (from ethyl alcohol), m. p.280° (Found: N, 8:3%) 


—— 
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7-Methoxy-4'-dimethylamino-2-styryl-1-methyl-4-quinazolone is best 
prepared by refluxing an alcoholic solution of the constituents in 
presence of sodium ethoxide and precipitating the styryl derivative 
with water. It separates from alcohol in bright red cubes, m. p- 
266° (Found : N, 12:8. Cy H,,0,N; requires N, 12-5%). 

4-Methoxyacetanthranil, prepared by boiling 4-methoxyanthranilic 
acid with excess of acetic anhydride, crystallises from water in 
solourless needles, m. p. 128° (Found : N, 7-4%). 

‘7-Methoxy-2-methyl-4-quinazolone prepared by the usual method 
arystallises from alcohol in colourless needles, m. p. 272° (Found : 
N, 14:6. C,)H,)0,N, requires N, 14-7%). On treatment with 
nethyl sulphate it is immediately converted into 7-methoxy-2 : 3-di- 
nethyl-4-quinazolone. This substance is equally readily prepared 
vy the direct treatment of 4-methoxyacetanthranil with methyl- 
mine solution, a reaction which definitely fixes its constitution. 
Che quinazolone erystallises from water with 1 mol. H,0 in colourless 
aeedles, m. p. 80°. The anhydrous compound melts at 149° | 
Pound: N, 13-7. C,,H,,0,N, requires N, 13-7%). 

7-Methoxy-3' : 4'-methylenedioxy-2-styryl - 3 - methyl - 4. - quinazolone 
eparates from alcohol in yellow crystals, m. p. 193° (Found: N, 
Ho %). 

5-Chloro -2- amino -4- methoxytoluene.—o- Nitro -p-cresol methyl 
ther was reduced by warming with tin and concentrated hydro- 
hloric acid in the usual manner, the solution diluted with water, 
endered alkaline, and subjected to steam distillation. ‘The amine 
m. p. 112°) crystallised from benzene in colourless plates, m. p. 
16° (Found: N, 8-5. C,H,,ONCI requires N, 8:2°%). The acetyl 
erivative melts at 183—184° (Found: N, 6:8. C, H,,0,NCl 
equires N, 6-6%). 


_Inconclusion, we desire to thank the Directors of the United Alkali 
ompany for a grant to one of us (F.N.K.) which has enabled this 
rork to be carried out. 
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‘reparation of the Phenylcarbamyl Derivatives of Nitrophenols. 
| By Oscar L. Brapy and Jack Harris. 


ITROPHENOLS do not react readily with phenylcarbimide and the 
lowing method for the preparation of their phenylcarbamyl 


erivatives is an improvement on those previously described 
sumpert, J. pr. Chem., 1885, 32, 278; Michael and Cobb, Annalen, 
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1908, 363, 91; Vallée, Ann. Chim. Phys., 1908, 15, 331; Busche, 
Blume, and Pungs, J. pr. Chem., 1909, '79, 534). 

The nitrophenol (4:8 g.) is gently boiled with phenylcarbimide 
(5 g.) in toluene under reflux for 3 hours. On cooling, the phenyl. 
carbamyl derivative crystallises; in the case of o-nitrophenol if 
may be necessary to boil off some toluene, as its derivative is CON. 
siderably more soluble than the others. After being washed witk 
cold 2N-sodium hydroxide and crystallised once from chloroform 
the pure nitrophenyl phenylcarbamates are obtained. m-Nitre 
phenyl phenylcarbamate forms bulky, colourless needles, m. p. 129 
(Found: N, 11-1. Cj3H4)0,N. requires N, 10-9%).—UNIVERSITS 
Cottegu, Lonpon. [Received, July 21st, 1925.] | 


d-Mannitol from Gardenia turgida. By Martin ONSLOW 

Forster and KrsHavian AswatH Naratn Rao. 
On requesting Mr. R. S. Pearson, C.I.H., Forest Economist, Dehre 
Dun, to supply Dekamali resin in quantity sufficient for com 
pleting the investigation of gardenin, it was found that this gun 
from Gardenia lucida was extremely scarce; but we were suppliec 
instead with an exudation from G. turgida entirely different i 
appearance and properties from the material examined by Sten 
house (Annalen, 1856, 98, 316; Stenhouse and Groves, ibid., 1880 
200, 311). The product from G. turgida has a faintly pleasan 
smell in place of the odour suggesting cat’s urine, and consists 0 
loose fragments in which colourless crystals can be recogniset 
under the lens. It dissolves almost completely in cold water witl 
slight frothing, forming a pale brown, viscous liquid, slow to filte 
and depositing a brown syrup on evaporation. Furfurol is no 
produced on boiling with hydrochloric acid, and the tests fo 
nitrogen, aldehydes, and ketones were negative. 

The powdered substance (50 g.) dissolved in water (200 ¢.¢. 
was shaken with tribasic lead acetate (15 g.) added in smal 
quantities, and filtered after 20 hours, when the lead was pre 
cipitated completely by hydrogen sulphide; the concentrate 
filtrate from lead sulphide deposited silky, white needles identifier 
as d-mannitol (dimorphous, soft needles or hard prisms; m. 
165—166°, unchanged by admixture with d-mannitol; solubility 
14:7 parts in 100 H,O at 19°; [ap in borax solution, 19-7°; m. { 
of hexa-acetyl derivative, 120°). The yield corresponds to abou 
40%, of the dried exudation. 

Our thanks are due to Mr. R. S. Pearson for kindly supplyin 
us with this material.—Inp1an LystrruTE oF ScimNcE, BANGALORI 
S. Inpra. [Received, June 29th, 1925.] 
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CCXCIIT.—The Velocity of Benzylation of certain 
Amines. Part II. 


By Davip Henry Peacocr. 


[N a previous paper (J., 1924, 125, 1975), the energies of activation 
for the reaction between benzyl chloride and aniline or p-toluidine, 
and between p-nitrobenzyl chloride and aniline or p-toluidine were 
calculated from the velocity coefficients at two temperatures; no 
evidence was found that these energies are additive in character. 
he results of some further experiments are now described, but before 
sheir bearing on the nature of the process of activation is discussed 
the effect of substitution and other factors will be dealt with. 
m-Nitrobenzyl chloride always reacted faster than p-nitrobenzyl 
shoride with the bases used. Olivier (Rec. trav. chim., 1922, 41, . 
346) obtained similar results in their hydrolysis. Slator and Twiss 
‘J., 1909, 95, 99) found that the order was reversed with sodium 
thiosulphate, where reaction is taking place with the negative thio- 
sulphate ion. These results can be explained on the alternate 
polarity hypothesis. With bases such as aniline and dimethylaniline 
nitrobenzyl chlorides react more slowly than does benzyl chloride, © 
ulthough it might be expected that the general polar effect of the | 
nitro-group would make the chlorine more reactive in nitrobenzyl — 
shan in benzyl chloride. These results may be explained by assuming 
that before reaction occurs the base and the halogen compound 
:ombine loosely and the negative substituent in the benzyl chloride 
then weakens the tendency of the nitrogen to form part of a positive 
on and so reduces the rate of reaction. The results of other experi- 
nents described below show that the introduction of a nitro-group 
nto the nucleus of the base considerably reduces the reaction velocity. 

Additional evidence in support of this assumption can be obtained 
trom the results of Jones and Preston (J., 1912, 101, 1931) and of 
Thomas (J., 1913, 103, 595), who obtained the following velocity 
oefficients in alcohol at 40° with dimethylaniline : benzyl bromide 
34, m-xylyl bromide 8-62, p-xylyl bromide 23-2, p-bromobenzyl 
romide 6-03. The positively substituted benzyl bromide reacts 
aster, and the negatively substituted benzyl bromide more slowly, 
han the unsubstituted bromide. 

The effect of substitution in the nucleus of the base upon the 
relocity coefficient can be seen from the data given later. m-Nitro- 
miline reacts faster than p-nitroaniline, and p-toluidine faster than 
n-toluidine ; results in accordance with the alternate polarity 
iypothesis. 3 
_ The effect of concentration on the velocity coefficients and energies 
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of activation is sometimes considerable and, as will be seen from 
the tabulated results, depends on the character of the base employed. — 
Attention is also directed to the difference in the effect of alteration 
in concentration upon the velocity and energy of activation of the 
reaction between benzyl chloride and dimethylaniline. 


Velocity coefficient and concentration. 


Conc. of 
benzyl 
Base. Cone. chloride. kj5°X 10%. ky xX 10%. #, calories, 
Armies 805 0.. be: 0-4 0-2 3°62 8:5 16550 
0-8 ti 3:68 9-2 17770 
1-6 Xp) 4-07 10-55 18460 
1:6 0-4 4-25 11-2 18780 
6 Toluidime si isad kes 0-8 0-2 5:96 
1-6 mM 71 
p-Toluidine ..........+. 0-8 at 5:96 14-7 17440 
1-6 *) 6-21 15:1 17230 
‘p-Chloroaniline ...... 0-4 uy 5:15 
0:8 Py 5-08 
Monoethylaniline...... 0-8 i 1-138 
1:6 ug 1:13 
Dimethylaniline ...... 0:8 A 2-78 6-09 15210 
1-6 y 2-23 5:06 15890 
Diethylaniline ......... 0:8 oe 0-400 
1-6 7 0-303 


Examination of the results obtained showed also an interesting 
connexion between energy of activation and the constitution of 
the substituted benzyl chloride used. When the energies of activa- 
tion of m- and p-nitrobenzyl chlorides with aniline, p-toluidine, 
o-toluidine, and dimethylaniline are compared, it is seen that, 
although there is apparently no strictly quantitative additive rela- 
tion, there is a qualitative relationship, the energy of activation for 
m-nitrobenzyl chloride being less than that for p-nitrobenzyl 
chloride. The alternate polarity theory would lead us to expect 
that the chlorine in m-nitrobenzyl chloride should be more reactive 
than that in p-nitrobenzyl chloride. This conclusion is seen to be 
confirmed, not only by the velocity data, but also by the activation 
energy data. Applying the Bohr theory of atomic structure, it may 
be said that the displacement of electrons postulated by the alternate 
polarity theory decreases the amount of energy required to take an 
electron in the chlorine atom to its activated position . 


Energies of Activation in Methyl Alcohol. 
Benzyl m-Nitrobenzyl -Nitrobenzyl 


Base. chloride. chloride. chloride 
Ailing fasccidebenddesn thmessaen 4 17770 17280 18030 
p-Toluidine.....cecceccceeeeeees 17440 14480 17100 
O-LONMIGING is ceccce cesses sees 15420 14210 — 17680 


Dimethylaniline......+.-.+++++ 152.10 13120 15960 
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The results described below also throw some light on the process 
of activation. The influence of a nitro-group in the benzyl chloride 
on the velocity of reaction is similar to the influence of a nitro- 
group in the nucleus of the amine. Also there is no evidence 
that, in general, the energy of activation is an additive property 
(Arrhenius, Z. physikal. Chem., 1889, 4, 226). It is now suggested 
that the formation of a loose molecular complex precedes activation 
and the energy of activation measured in the cases cited is the 
energy of activation of such a complex. 


EXPERIMENTAL. 


The method of estimation was that already described (loc. cit.). 
The constants were calculated by the modified equation, taking into 
account the base combined with the liberated hydrochloric acid: 
Moore, Somervell, and Derry (J., 1912, 104, 2459) have already 
directed attention to this omission in Menschutkin’s calculations 
and their work should have been mentioned in the previous 
paper. 

Tertiary bases gave much more constant values of the velocity 
coefficient than primary; difficulty was also experienced in getting 
concordant results with p-nitrobenzyl chloride. The bases used were 
erystallised as their hydrochlorides or acetyl compounds in the 
case of primary and secondary bases. The tertiary bases were 
tested for freedom from primary or secondary bases by the usual 
acetic anhydride test. The results are tabulated below. 


Velocity coefficients in methyl alcohol. 
Cone. of base, 0-817. Conc. of chloride, 0-2M. 


Temp. 45°. Temp. 35°. 

m-Nitro- p-Nitro- m-Nitro- p-Nitro- 

Benzyl benzyl benzyl lJBenzyl benzyl benzyl 
Base chloride. chloride. chloride. chloride. chloride. chloride. 
Aniline ......... 0-0092 0-00451 0-00365 0-00368 0-00185 0-00144 

p-Toluidine...... 0-0147 0-00874 0-00667 0-00596 0-00407 0-00276 
o-Toluidine . 0:00596 0-00256 0-00207 0-00269 0-00123 0-000832 
Dimethylaniline 0-00609 0-00132 0-00092 0-00278  0-000671 0-000404 


Monobenzylaniline: conc. 0-8M]; k,,. 0:00335. 


Velocity coefficients at 35° and at 45°. 
(See also a preceding table). 


Conc. of benzyl chloride, 0-2. 


m-Toluidine: cone. 0:8M; k,;. 0:00494. 

m-Nitroaniline: cone. 0-8M; k,;. 0-00168. 
p-Nitroaniline: conc. 0-447; k,;. > 0:0002. 
Monomethylaniline : cone. 0-8M; kz;. 0:00644; k,;. 0-0187. 


p-Bromodimethylaniline : conc. 0-814; k,;. 0-00175. 
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In conclusion, I wish to thank the British Dyestuffs Corporation, 
Huddersfield, who supplied many of the bases used in this work, 
and Mr. B. K. Menon, who prepared some of the p-nitrobenzyl 
chloride. 


UnIvEeRSITy CoLLEGE, UNIVERSITY OF RANGOON, 
BURMA. [Received, April 27th 1925.] 


COXCIV.—A New Peroxide of Bariwm. 
By MarGARET CARLTON. | 


WuEN hydrogen peroxide is added to a well-cooled, aqueous solu- 
tion of barium hydroxide, white, crystalline BaO,,8H,O is formed. 
If, however, excess of hydrogen peroxide be added, the appearance 
of the crystals changes and a granular precipitate is formed which 
rapidly settles after shaking. This becomes buff-coloured on 
standing. If this substance be filtered off and dried in a vacuum ~ 
desiccator over phosphorus pentoxide, the colour slowly darkens 
for a day or two, until a deep buff colour is reached; on further 
standing, the colour fades and a creamy powder remains. ‘This 
seems to suggest the formation and decomposition of an oxide 
higher than BaQ,. 

A study of the action of excess of hydrogen peroxide on baryta 
was made by Schone (Annalen, 1878, 192, 257), and he showed the 
existence of a white, crystalline compound, BaH,O,, which turned 
yellow on standing. He suggested that this yellow compound might 
be BaO, or BaQ,, but he did not investigate the matter further. 
Traube and Schulze (Ber., 1921, 54, 1626) obtained a substance 
which on analysis seemed to be BaO, with not more than 5% 
BaO,. 

On the suggestion of Professor Baker, I have undertaken an 
exainination of the action of hydrogen peroxide on barium hydroxide. 

A preliminary analysis of the wet substance obtained by pre- 
cipitation with hydrogen peroxide was therefore carried out, by 
means of potassium permanganate and dilute sulphuric acid, to 
determine the oxygen and barium, and this indicated the presence 
of a substance which seemed to be almost entirely BaO3 or 
BaQ,. | 

Fresh samples of the substance were prepared in the following 
way: Pure crystalline barium hydroxide (10 g.) was dissolved in 
200 c.c. of water, and 10 c.c. of 30% hydrogen peroxide were slowly 
added with repeated shaking, the temperature of the solutions 
being about 15°. For the first two preparations the mixture was 
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kept over-night at the ordinary temperature; the following morn- 
ing, the precipitate was faintly buff-coloured and was washed by 
decantation with cold water and finally filtered through an alundum 
crucible, washed again with cold water, and finally with alcohol 
and ether, and dried in a vacuum over phosphorus pentoxide. 
Later on, the substance was kept only for 10—20 minutes after 
the addition of the hydrogen peroxide, for the precipitate to settle; 
it was then washed by decantation, filtered off, and washed with 
water only and dried in a vacuum over phosphorus pentoxide. 

_ Properties —The substance is a cream-coloured, non-crystalline 
powder, which darkens on standing. 

When it is heated gently in a dried tube, moisture collects on the 
walls; this does not liberate iodine from potassium iodide and 
therefore is not hydrogen peroxide. 

On extracting with ether and testing the extract for hydrogen 
peroxide, no trace was found, showing the absence of free hydrogen 
peroxide and also of hydrogen peroxide of crystallisation. 

The solid substance decolorises neutral potassium permanganate 
more rapidly than barium dioxide, giving a brown colour and 
evolution of oxygen. 

It does not liberate iodine from neutral potassium iodide even 
on standing, but when a few drops of dilute nitric acid are added, 
iodine is rapidly liberated; more iodine separates than from a 
similar amount of barium dioxide. 

With neutral potassium bromide there is no action but on acidi- 
fying with a few drops of either nitric or hydrofluoric acid, bromine 
is freely liberated, whereas only a trace of bromine is produced 
from barium dioxide. 

With strong hydrochloric acid, there is a vigorous action and 
chlorine is liberated freely; with barium dioxide only a trace of 
chlorine is produced. - 

When it is heated with flowers of sulphur a very vigorous action 
takes place; a peculiar odour is observed afterwards but no sulphur 
dioxide (compare barium dioxide, where there is a fairly vigorous 

action with formation of sulphur dioxide). 

_ The foregoing tests show the presence of a very vigorous oxidising 
agent, and attempts to determine the amount of oxygen in the 
compound were made. Analyses had to be carried out before the 
‘substance was completely dry, owing to its instability. The oxide 
was only dried for about an hour over phosphorus pentoxide, in a 
vacuum; the first sample was then taken for analysis. Two 
analyses were made at the same time, by different methods. The 
first analysis consisted in determining the oxygen and water 
given off when the substance was heated in an atmosphere of 


} 
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nitrogen. The apparatus used is shown in the accompanying 
sketch. 

A weighed amount of the substance (1—2 g.) was introduced into 
a weighed Jena glass bulb, B. This was connected through a ground 
joint to a U-tube, C, containing calcium chloride and to the two 
tubes, D and BE, containing freshly-reduced copper gauze. The tubes 
C, D, and E were weighed before and after each experiment. 

Nitrogen, from which traces of oxygen were removed by passage 
over the heated tube, A, of copper, was slowly passed through the 
apparatus and when all the air had been displaced, the tubes, D 
and E, containing the copper gauze, were heated by means of 
electric furnaces to 500—600°. When these were hot, the bulb B 
was heated in a water-bath until the whole of the water in the 
oxide appeared to have been removed. This sometimes took as 
long as 3 hours; the bath was then removed and the bulb gently 
heated nearly to dull redness for a few minutes. The bulb was 
then allowed to cool; when it was cold, the furnaces heating D 


! ‘ 
; Through Furnace | Through Furnace 


and E were switched off and the whole apparatus was left to cool 
with the nitrogen bubbling through. When cold, the nitrogen was 
displaced by a slow current of dry air and the tubes C, D, and E 
and the bulb B were weighed. 

The formula was calculated on the assumption that the residue 

was barium dioxide. This was found not always to be the case; 
barium dioxide decomposes somewhat when heated in a vacuum 
to 450° and, since the partial pressure of oxygen is here very small, 
possibly the same effect is produced and the proportion of oxygen 
calculated in this way may be rather high. 
- The weight of water collected in C was subtracted from the 
actual weight of oxide taken, to give the amount of anhydrous 
salt used in each experiment. The values of x in BaO, are given 
in the table. 

The second analysis of the substance was performed while the 
analysis described above was being carried out. A second sample 
of the oxide was examined for available oxygen and for barium. 

A weighed amount of the salt, dissolved in dilute nitric acid, 
was titrated with potassium permanganate; the barium was then 
precipitated from the same solution and weighed as barium sulphate. 
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This gave an independent estimate of the barium and oxygen 


present. ; 
The equation used in calculating the composition of the substance 
is :— 


BaO, + ¢(%— 1)KMn0, + {3(2 — 1) + 1}H,SO, = BaSO, + 


—1 A : 
5 KSO, + 3(% — 1)MnSO, + {3(@ —1) + 1;H,O + (% — 1)0,. 


From which we get that 137 g. of barium correspond to 2(x — 1)16 g. 
of oxygen. And so the value of x can be calculated. 

The results are given in the table. 

Owing to the uncertainty as to the decomposition of the barium 


dioxide, a second method was used in liberating oxygen from the 


compound. Instead of heating the BaO, in an atmosphere of 
nitrogen, the air was displaced from the apparatus as before and 
the weighed tubes containing the copper were heated, then a slow 
current of carbon dioxide was passed and the oxide heated as before; 
the residue was obtained as barium carbonate, which is quite stable 
at the temperature used. 


| Value of Value of Value of Value of 
Interval between xfrom «from Interval between xwfrom vz from 
preparation and dry wet preparation and dry wet 
analysis. analysis. analysis. analysis. analysis. analysis. 
About 4 hours —~. 2°91 2 days 2°85 2-87 
2days — 3-7 2-86 4 days 2°56 
6 days an 2-4 3-07 3:3* 
immediately — 2:91 Washed with water only. 
1 day. 2-42 2-89 same day 2-99 — 
fl day 3°04 2°99 1 day 2°68 2-87 
3 days 2°73 2-55 same day 3°26 2:98 
same day 3°91 2-9 ‘same day 3:7 2-96 
1 day 3-4 2-79 2 days 3°14 2°74 
1 day 2-9 2-79 3°37 2-9 
1 day 2-99 2-90 Residue obtained as barium carbonate. 
2 days 3-2 —- fsame day 2°89 2-71 
3 days 2-8 2:63 \1 day 2-83 — 
same day 2°77 ~~ 
same day 2-96 3-21 


Results bracketed together are different analyses of the same preparation. 


. * The preparation and determination of this sample were kindly carried 
out by Mrs. Muriel Baker. 


Conclusion. 
(1) By the action of an excess of hydrogen peroxide on barium 


hydroxide at temperatures below 20° a new substance is formed. 
(2) This substance is unstable and is a vigorous oxidising agent, 


‘being much more reactive than barium dioxide, e.g., liberates 


bromine from potassium bromide and chlorine very freely from 


hydrogen chloride. 
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(3) The results of analysis indicate that it probably has the 
formula BaQs. 

It is proposed to use this substance in an attempt to prepare a 
new peroxide of hydrogen. The work will be done in conjunction 
with Professor Baker and Mrs. Baker, repeating and extending 
experiments which they have already made with potassium 
tetroxide. 


I wish to express my thanks to Professor Baker for his kind 
help and encouragement in this research. | 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [ Received, July 4th, 1925.] 


CCXOV.—The Action of Aldehydes on the Grignard 
Reagent. Part ILl. 


By JosepH MARSHALL. 


OnLy when an aldehyde in less than one molecular proportion is 
allowed to react with an ethereal solution of a magnesium alkyl 
halide is the expected secondary carbinol the chief product of the 
reaction; if an excess is added, almost the whole of the excess is 
combined in some manner with the magnesium complex and the 
product obtained on decomposition of the mass with water is a 
mixture containing as one of its constituents the primary alcohol 
corresponding to the aldehyde used in the reaction (J., 1914, 105, 
527; 1915, 107, 509). Papers recently published (Meisenheimer, 
Annalen, 1925, 442, 180; Hess, Annalen, 1924, 437, 256; Rhein- 
boldt, J. pr. Chem., 1925, 109, 175) agree with the results of the 
author up to this point, but they differ both as to the mechanism 
by which the alcohol is supposed to be formed in the reaction and 
also as to the nature of the other products. Meisenheimer and Hess, 
whilst not in accord in detail, both suggest that the original co- 
ordination compound of magnesium ethyl bromide and benzaldehyde 
is capable of resolution in two directions indicated by the schemes :— 


(1) PhCHEt-OMgBr <— PhCHO + MgEtBr —> - 
PhCH,-OMgBr + CsH, (2) 


the second of these resolutions taking place to a much smaller extent 
than the first. 

The reduction of the aldehyde is represented by this theory as 
being due to the addition of a hydrogen atom from the alkyl halide, 
and hence the alkylene evolved should be equivalent to the alcohol 
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produced. Meisenheimer points out that he has never observed this 
equivalence, but suggests that some isomerisation takes place. 
When an ary]! halide is used in the reaction, the author has shown 
that a primary alcohol is again formed. The scheme representing 
this would appear to be 


PhCHO + MgPhBr —> PhCH,-OMgBr +0,H,< . (3) 


and this might reasonably be expected to result in the production 
of diphenylene, which, however, has never been observed in this 
reaction. 

This theory does not explain the production of substances in 
the Grignard reaction under discussion other than the secondary 
alcohol, which is the normal product, and the primary alcohol 
corresponding to the aldehyde used in the reaction; the presence 
of any other compounds in the product of the reaction would entail 
a considerable extension of the theory. 

_ The author (loc. cit.) showed that along with the primary and 
secondary alcohols obtained in a Grignard reaction the ketone 
corresponding to the secondary alcohol is formed, with condensation 
products of this ketone and the aldehyde used in the reaction. 
Thus, when benzaldehyde in excess reacts with magnesium methyl 
jodide, the products which may be isolated are benzyl alcohol, 
acetophenone, phenyl styryl ketone, and dibenzoylmethane, while 
the phenylmethylearbinol which, normally, would be the main 
‘product of the reaction is almost entirely absent. Again, when 
benzaldehyde in excess reacts with magnesium phenyl bromide, 
the only products are benzyl alcohol and benzophenone, whilst with 
Magnesium benzyl bromide, benzaldehyde produces, besides benzyl 
alcohol and deoxybenzoin, a large amount of phenyldibenzoyl- 
methane. 

The suggestion was hazarded in one of the earlier papers that 
the new reaction was analogous to Cannizzaro’s reaction, in which 
one molecule of benzaldehyde oxidises a second molecule of the 
same aldehyde to benzoic acid, being itself reduced to benzyl alcohol. 
If this suggestion be correct, it is evident that when cinnamaldehyde 
is allowed to react with magnesium ethyl iodide as described by 
Meisenheimer, there is the possibility of the formation of styryl 
ethyl ketone and other condensation products along with cinnamyl 
alcohol and styrylethylearbinol. 

Since styryl methyl ketone is more easily identified than the ethyl 
compound, the experiment was first carried out with magnesium 
methyl iodide, with the result that whilst styryl methyl ketone was 
isolated as the phenylhydrazone in good yield, the only alcohol 


Which could be obtained was cinnamy]l alcohol. This was isolated 
: 4 p* 


S 
= 


i 


2186 MARSHALL: THE ACTION OF ALDEHYDES ON 


as the p-nitrobenzoyl ester (m. p. 76°; compare Meisenheimer, 
loc. cit.) and there was no indication of the presence of styrylmethyl- 
carbinol either as its ester or as phenylbutadiene, which might have 
been formed as phenylpentadiene is produced when p-nitrobenzoyl 
chloride acts on styrylethylcarbinol. The corresponding reaction 
with magnesium ethyl iodide was performed with results similar 
to those obtained with magnesium methyl iodide, but in this case, 
by longer boiling of the reaction product, an attempt was made 
to secure the formation of more complicated products. | 
Since it has been shown in earlier papers that alkyl aldehydes 
are capable of reacting In a manner analogous to that in which 
aromatic aldehydes react, it was of interest to determine whether 
the simplest aldehyde, formaldehyde, would react similarly. The 
normal product of this reaction is the primary alcohol (Compt. 
rend., 1902, 134, 107), and it would be expected that excess of 
formaldehyde would oxidise part at any rate of the primary alcohol 
to the aldehyde. Accordingly, the reaction between magnesium 
phenyl bromide and trioxymethylene was investigated, with the 
result that a considerable quantity of benzaldehyde was isolated, 
although the chief product of the reaction was benzyl bromide 
(compare J., 1914, 105, 534). 


ExPERIMENTAL. 


Action of Cinnamaldehyde on M agnesium Methyl Iodide —An 
ethereal solution of cinnamaldehyde (132 g.; 1 mol.) was added to 
the Grignard solution prepared from magnesium powder (24 g.; 
1 mol.) and methyl iodide (142 g.; 1 mol.), cooled in a freezing mix- 
ture. At first a yellow precipitate formed which immediately 
dissolved on shaking, but when about half the aldehyde had been 
added a greyish-white solid began to separate. Three hours 
later, a second molecule of cinnamaldehyde in ether was added 
quickly, whereby the precipitate was changed into a viscous, yellow- 
ish-brown material. After 12 hours, the mixture was heated. on the 
steam-bath during 10 hours and cooled, and the ether was poured 
into ice and hydrochloric acid, separated, and shaken with sodium 
bisulphite solution, when about 2 g. of the bisulphite compound of 
cinnamaldehyde separated. From the residual ether 2 g. of a dark- 
coloured, sticky material was obtained which was not examined. — 

The heavy, yellow mass from which the ether had been poured 
was shaken with ice and hydrochloric acid and a further quantity 
~ of ether until solution was effected. The ethereal extract was shaken 
several times with concentrated bisulphite solution, and 20 g. of 
cinnamaldehyde bisulphite compound were obtained corresponding 
to about half this weight of aldehyde. The ether was washed with 
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sodium carbonate solution and from this, 4 g. of cinnamic acid 
were isolated. The ether was. now evaporated and the residue 
distilled ina vacuum. A fraction (165 g.) was obtained, b. p. 150— 
180°/15 mm., while a second fraction (20 g.) distilled at 220—260°. 
As this did not crystallise, it was not examined; heat was developed 
when it was mixed with phenylhydrazine. The main fraction was 
cooled in a freezing mixture and inoculated with a crystal of styryl 
methyl ketone. The crystals produced could not be isolated owing 
to the rapidity with which fusion occurred. The whole of the 
material was dissolved in alcohol and warmed with phenylhydrazine 
(80 g.) during 2 hours on the water-bath. The yellow crystals which 
had separated after 12 hours melted at 158° after being washed with 
alcohol (yield 100 g.). The mother-liquor was evaporated, and after 
removal of a second crop of crystals, the thick residue was poured 
into water, washed with dilute hydrochloric acid, separated from the 
acid, and steam-distilled. The product in the distillate was extracted 
with ether and, after removal of the ether, was treated with p-nitro- 
benzoyl chloride in pyridine solution. Addition of water precipitated 
an oil which immediately solidified and, after recrystallisation from 
alcohol, the compound melted at 76°. It was compared with and 
found identical with the corresponding ester of cinnamy] alcohol. 
The phenylhydrazone (m. p. 158°) was compared with that 
obtained from styryl methyl ketone and the identity of the two 
compounds was proved. After heating in a vacuum, and subsequent 
distillation, both boiled at 245—250°, and the distillate in each case 
“solidified, yielding, after recrystallisation from spirit, white, crystal-_ 
line prisms, m. p. 113°, and giving with a nitrite solution the magenta 
colour which is characteristic of 1: 5-diphenyl-3-methylpyrazoline. 
_ Action of Cinnamaldehyde on Magnesium Ethyl Iodide.— 
Magnesium (24 g.; 1 mol.) and ethyl iodide (156 g.; 1 mol.) were 
allowed to react in anhydrous ether with cooling, and cinnamaldehyde 
(264 g.; 2 mols.) added as in the experiment with methyl iodide. 
A brownish-yellow mass was again obtained which was heated 
during 20 hours on the steam-bath and then decomposed with ice 
) and hydrochloric acid; a bright orange, crystalline material (20 g.) 
not very soluble in ether then separated which melted at 158° after 
Tecrystallisation from spirit and has not yet been identified. 
_ After the ether solution had been washed with bisulphite solution, 
the ether was removed and the residue thoroughly steam-distilled. 
From the distillate was extracted an oil, of which a quantity was 
allowed to react with half its weight of phenylhydrazine. Evolution 
of heat occurred and after cooling the addition of a little spirit 
induced the crystallisation of the phenylhydrazone, m. p. 102°, 


of styryl ethyl ketone. From a second part of the pi: aii 
Be 4 p* 
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p-nitrobenzoate was obtained by the action of p-nitrobenzoyl 
chloride in pyridine solution. 

Action of Trioxymethylene on M agnesium Phenyl Bromide.— 
The Grignard reagent prepared from bromobenzene (157 g.; 1 mol.) 
(after separating from unchanged metal) was boiled with trioxy- 
methylene (60 g.; 2 mols.) for 48 hours, a brownish-yellow, viscous 
mass forming. After decomposition of this material with dilute. 
acid the ethereal extract was shaken with sodium bisulphite solution, 
20 g. of the bisulphite compound of benzaldehyde were filtered off, 
and the ethereal solution remaining was fractionated, 35 g. of benzyl 
bromide and about 10 g. of diphenyl being obtained. 


The author desires to thank the Directors of Boots Pure Drug Co., 
Ltd., for permission to carry out this work in their laboratories and 
for the assistance of the Analytical Department of the firm in the 
analysis of the products obtained. ? 


Boors Purr Drue Co., Lrp., 
NorrinGHaM. [Received, July Tth, 1925.] 


CCXCVI.—Optical Activity and the Polarity of 
Substituent Groups. Part II. Menthyl Esters of 
Substituted Acetic Acids. 


By Harotp Gorpon Ruts and JOHN SMITH. 


PoLaRity as applied to substituent effect has, at the present time, 
at least two distinct meanings in chemistry. On the one hand it is 
used in the phrase, general polar effect, in connexion with a series 
such as ) 
NO,, CN, CO,H, Cl, Br, I, OMe, H, Me, 

representing the relative influence of the groups on the acidic strength 
of an aliphatic acid. This sequence has also been traced in the 
effect of the substituents on velocity of reaction and molecular 
inductive capacity (see Rule and Paterson, J., 1924, 125, 2155). 

On the other hand, groups are frequently described as positive 
and negative, either in reference to their directive influence on 
benzene substitution (Vorlinder), or by deduction from Lapworth’s 
principle of induced alternate polarities, or from the electroni¢ 
theory. On this last basis, it has been shown (Rule, J., 1924, 125, 
1121) that the polarity of substituents, as deduced from the views 
of J. J. Thomson, leads to the polar series 


NO,, ON, CO,H, H, Me, I, Br, Cl, F, 
and that this closely corresponds to the relative influence of the 
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groups on the nitration of benzene, and also on the optical activity 
of the menthy]l esters of o-substituted benzoic acids and of certain 
derivatives of amyl alcohol. Hence the Suggestion was advanced 
that, in general, positive and negative groups influence the rotation 
of a parent compound in opposite directions, in accordance with 
the polar series above. The optical activity of other series of 
compounds was also quoted in support of this suggestion, but 
very little definite evidence relating to positive groups could be. 
obtained. 

In investigations summarised in Gazzetta, 1923, 53, 417, Betti 
has determined the rotatory powers of a large number of products 
prepared by condensing an active base with substituted benzalde- 
hydes, with results which show a remarkably close agreement 
between rotatory powers and the dissociation constants of the - 
corresponding benzoic acids. The measurements, however, all 
referred to the one solvent, benzene, and to light of one wave-length. 
Only one positive group (NO,) is included in the list of substituents 
examined by Betti, and it is known that solvents may exert a marked 
preferential effect on the rotation of compounds containing certain 
substituents, as is seen from the abnormally high rotation of menthyl 
o-nitrobenzoate in benzene solution (Cohen and Armes, J., 1905, 87, 
1190). 

In the present communication are recorded the rotatory powers 
of menthy] esters of the acids CH,X-CO,H, where X = CN,* CO,H, 
OH, OMe, and OEt. Determinations were carried out at temper- 
atures between 20° and 95° with the compounds in the homogeneous 
state, where feasible, and for light of four wave-lengths. 


Discussion of Results. 


In all cases it was found that the observed rotations could be. 
expressed within the limits of experimental accuracy by a Drude 
equation of one term. It appears, therefore, that the dispersion is 
in every case normaland simple. The values of the optical constants 
and of the dispersion ratio, a ,/%p, obtained for the acetic derivatives 
are summarised in Tables I and IT. 

It will be seen that the substituents affect the rotatory power 
in the order CN>OH>OMe>OEt>CO,H and that the values 
undergo little change with temperature. The values of A)? vary 
between 0-0238 and 0-0316 for the homogeneous esters. A number 
of observations were also made with cyanoacetic ester, glycollic ester, 
and the hydrogen malonic ester in benzene and chloroform solution. 
In these cases also the dispersion was apparently simple in character. 


* The rotatory power of menthyl cyanoacetate in benzene solution for the 
D line has been determined by Lapworth (J., 1904, 85, 43). 
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TaBe I. 
l-Menthyl Esters of Acids CH,X*CO,H (Homogeneous State). 


(All rotations are negative in sign.) 


ih CO,H. OEt. 

St Peer areas (Dente eee aan a ao eo eS ae 
Temp. 59:5° 90-5° 20°5° 37° 61:3° 93-7° 
[K] 20-72 20-47 21-30 21-39 21-55 21-60 
Age 0-0316 0:0309 0-0262 0-0261 0-0261 0-0269 
Ogr/ a> 1-184 1-184 1-180 1-182 1-181 1-183 
[M1, 158-8° 157-6° 160-6° 161-1° 161-9° 162-9° 

OMe. z 

xX. OH. CN. 
Temp. 20:5° 34-5° 55:5° 93-7° 94-3° 91-3° 
1K] 23-16 22-95 22-89 22-94 24-34 25-25 
Ag? 0-0273 0-0278 0-0286 0-0274 0-0312 0:0238 
Agr/ ey 1-182 1-181 1-183 1-183 1-184 1-179 
[M], 165-0° 164:4° 163-7° 162-8° 165° 174-1° 

TABLE II. 


In Solution (5% concentration).* 


(All rotations are negative in sign.) 


OH. A 

>. Gi CO.H. y Sk MAG de aa 
Solvent. Benzene. Benzene. Chloroform. Benzene. Chloroform. 
Temp. 18-6° 17:6° NTD«SF 19-2° 21-6° 
[kK] 20-14 24-27 26:46 26-20 26-34 
Ay? 0-:0276 0-0255 0-0257 0-0198 0-:0334 
Car Oy 1-185 1-185 1-185 1-181 1-187 
[M1], 155-1° 161-2° 180-1° 178-3° 186-9° © 


* For other concentrations, see Experimental section. 


The values of the ratio o,:/«p for the homogeneous and dissolved 
compounds remain very constant in the neighbourhood of 1-182. 

When the above molecular rotations are compared with rotations 
recorded in the literature for menthyl esters of other mono-sub- 
stituted acetic acids, and arranged in order of increasing values, 
we obtain the following list: 


CO,H. OEt. OMe 


AG, DS Ip pgp a er ARIE Tala > S8Y a alee RA ee OH: “Br: eCiiy oe 
EM yp) Seiate —157° 158:8° 157-6° 160:2° 160-6° 162:8° 165-0° 162'9° 165-0° 169° 171° 1741° 
Tempe v.25 * 59- 90-5 - _ 90 * $0 94-3. * * 91:3 


* Room temperature. 


The relative effect of the substituents on optical activity in this, 
case is therefore, | 
I. CN>Cl>Br>0H>OMe>OEt>Me>C0O,H>H. : 


This corresponds closely with the general polar effect of the 
groups, as may be seen by comparison with series II, representing 
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their influence on molecular inductive capacity (see Rule and 
Paterson, loc. cit.), and with series III, representing their influence 
_ on the acidity of acetic acid. 


II. CN>CO,H(?)>OH>Cl>Br>(OMe,OEt)>CO,H(?)>Me>H. 
II. CN>CO,H>Cl>Br>OMe>OH>H>Me. 


The position of the carboxy] group in series II is somewhat doubtful, 
formic acid having a high inductive capacity and acetic and 
_ propionic acids low values. 

The analogy between the effect of substitution on optical activity 
and acidic strength which has previously been drawn by Betti 
(loc. cit.) is therefore confirmed and amplified. Among the menthyl 
esters of acetic acid there is no indication of positive groups affect- 
ing the rotatory power in an opposite sense to negative groups, as 

is the case with the benzoates. 

It may therefore be concluded that the two types of group effect 
previously observed, namely, the general effect visible in inductive 
capacity, acidic strength and chemical reactivity, and the polar 
effect, as deduced from the electronic theory and traceable in 

_ benzene substitution and electromagnetic rotation, are both to be 
found in optical activity. 


EXPERIMENTAL. 


_ The menthol used was specially purified material, with a rotation 
of [«]i*’ —49-50° in 5% ethyl-alcoholic solution. 
_ The ethoxy- and methoxy-acetic esters were prepared by the 
method described in U.S. Pat. 836914, and D.R.-P. 191547, in which, 
_ however, no mention is made of rotatory power. 
LMenthyl methoxyacetate was prepared from the corresponding 
acid chloride, menthol and pyridine, in benzene solution. On being 
fractionated under reduced pressure, it was obtained as a colourless, 
- odourless liquid, b. p. 141°/16 mm. After the second fraction- 
ation, a repetition of the process produced no change in rotatory 
power. It has not previously been recorded that /-menthyl methoxy- 
acetate is a solid of m. p. 18° (Found: C, 68-4; H, 10-45. Cale. 
for C,;H,,0;, C, 68-4; H, 10-5%). 
1-Menthyl eioxgacelate, prepared in a similar way, boiled at 
150°/18 mm. It also was odourless (Found: C, 69-4; H, 10-7. 
C,,H.,0, requires C, 69-4; H, 10-7%). 
1-Menthyl glycollate is also described in the same brief manner 
in the patent specification, D.R.-P. 136411. It was prepared by 
heating glycollic acid (3 mols.) with menthol (1 mol.) on a steam- 
bath for 14 hours, dry hydrogen chloride being passed through 


f 
a 
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the mixture for 10 minutes in each hour. The cooled mass was 
extracted with ether, washed, and dried. After removal of ether, 
the menthol was distilled under diminished pressure (oil-bath at 
130°). The resulting dark solid was finally recrystallised from light 
petroleum until of constant rotation. The pure-ester crystallises 
in long, white needles, m. p. 87-5° (above specification quotes 87°). 
It is moderately soluble in benzene and readily soluble in chloroform 
(Found : ©, 67-3; H, 10-3. Calc. for C,,H,.0,, C, 67-3; H, 10-3%). 

|-Menthyl cyanoacetate was obtained from ethyl cyanoacetate 
by the method of Lapworth (loc. cit.). 

1-Menthyl Hydrogen Malonate——Dimenthyl malonate was first 
prepared by a modification of the method of Hilditch (J., 1909, 95, 
1571), using, however, pyridine as condensing agent. 

The pure diester had a rotation of «2%, = — 9-36° (4:98% 
chloroform solution; [= 2). Hall (J., 1923, 123, 109) quotes 
— 9-32°. 

In the preparation of menthyl hydrogen malonate, the diester 
(22 g.), dissolved in 96% alcohol (1 litre), was hydrolysed at 0° by 
gradual addition of the requisite amount of sodium ethoxide in 
alcoholic solution. On recrystallisation from ethyl acetate, it 
was obtained in plates, m. p. 58-5—59° (Found: C, 64-4; H, 9-1. 
C,3H».0, requires C, 64:5; H, 9-1%). 


Densities and Rotatory Powers of the Esters in the Homogeneous 
State. 


Rotations generally refer to a 50 mm. tube (* indicates 100 mm.) 
and are all negative in sign. : 


Ah l-Menthyl methoxyacetate. 
Di 1-0136 at 20°; 0-9964 at 40-3°; 0-9807 at 60°; 0:9638 at 80°. 
a, 73:33°* at 20-5°; 72-07°* at 34-5°; 35-31° at 55-5°; 34-13° at 93-7°. 
Gye 76°-47°* at 20-5°; 75-14°* at 34:5°; 36-82° at 55-5°; 35-65° at 93-7°. 
Agr 86:70°* at 20-5°; 85-14°* at 34:5°; 41-78° at 55-5°; 40-40° at 93-7°. - 
ay, . 144:32°* at 20-5°; 142-02°* at 345°; 69-74° at 55-5°; 67-19° at 93-7°. 


l-Menthyl ethoxyacetate. 
Die 0-9545 at 20°; 0:9379 at 40-6°; 0-9242 at 58°; 0-9070 at 79-2°. 
ay 63-31°* at 20-5°; 31-31° at 37°; 30:°89° at 61-:3°; 30°16° at 93-7% 
Gye  65-96°* at 20-5°; 32:70° at 37°; 32-28° at 61-3°; 31-50° at 93-7°. 
Agr  74:68°* at 20-5°; 37-01° at 37°; 36-48° at 61-3°; 35-70° at 93-7°. 
Qyi 124-18°* at 20°5°; 61-41° at 37°; 60-57° at 61-3°; 59°31° at 93-7°. 


l-Menthyl glycollate. 
Die 09469 at 943°. 
At 94°3°'a, = 36°50°;. aye = 38°09" (a,7:== 43°23"; “a, = 72, 


i-Menthyl cyanoacetate. 
Dy 00-9406 at 91:3°. 
At 91:3° a, = 36:71°; aye = 38:28°; agr = 43°28°; ayy (not determined 
owing to slight yellow colour of liquid). 
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; l-Menthyl hydrogen malonate. 

Di 1-0238 at 59-5°; 11-0008 at 90-5°. 
At 59-5° a, = 33°61°; aye = 35-07°; age = 39°89°; ayy = 67°01°. 
At 905° a, = 32-60°; ay. = 33-96°; ag, = 38°59°; ayy = 64:86°. 


Rotatory Powers of the Esters in Solution.. 


G. of a obs. (¢ = 2). 
ester in $$ Fi 
Ester. Solvent. Temp. 100c.c. a). Giyess i> Agee ls ir? gat 
Glycollate Benzene 176° 5-004 7-54° 7-89° 8-94° 14-76° 
4 Chloroform 12:3 5003 842 8-77 9-98 16-49 
ae F 12-3. 16-192 27:06 — — — 
Cyanoacetate Benzene 19-2 5002 8:00 8-38 9-45 15-40 
oF 4 17:0 «611-36 4-51 (50 mm. tube) 
AS Chloroform 21:8 5-004 8-39 8-81 9-96 16-83 
i 5 21-0 14-981 6-21 (50 mm. tube) 
Hydrogen malonate Benzene 18-8 4914 630 6-56 7:47 12-41 
a “3 oy 19-0 20-08 12-88 (1 dem. tube) 


Specific Rotatory Powers of Esters in Homogeneous State. 
l-Menthyl methoxyacetate. 


“a Dy. [a]. [a]ye. [a]er- [a]vi- 
20° 1:0136 —72-35° — 75-49° — 85-56° — 142-39° 
40 0-9970 72-04 74-92 84:93 141-95 
60 0-9805 71:72 74:78 84:89 141-68 
80 0-9638 71-63 74-83 84:87 141-32 
90 0-9555 71:47 74:87 84:87 141-14 
l-Menthyl ethoxyacetate. 
20 0:9545 — 66°35 — 69-10 — 78-29 — 130-20 
40 0:9383 66-62 69-62 78:76 130-66 
60 0-9224 66-90 70:05 79-18 131-37 
80 0-9963 67-19 70:30 79-54 132-05 
90 0-8983 67-30 70°35 79-69 132-38 
I t. De. [a]. [a]ye- [aor [a]vi- 
1-Menthyl 
_ hydroxyacetate 94-3° 0-9469 —77-09° —80-48° —91-26° —153-6° 
 eyanoacetate 91-3 0-9406 78-06 81-39 92-03 — 
hydrogen malonate 59-5 1:0238 65-65 68-51 77°75 130-9 
90-5 1:0008 65-14 67-86 TH11 129-6 


3? 39 


Specific Rotatory Powers of 1-Menthyl Esters in Solution. 


’ G. of ester 
Ester. Solvent. in 100c.c. Temp. [a]). [a]yee  [algr- [a]vi 
Glycollate Benzene 5-004 17:6° 75-34° 78°84° 89-33° 147-5° 
| mr Chloroform 5-003 12:3 84:15 87-64 99-74 164-8 
Cyanoacetate Benzene 5-002 19:2 79:97 83-77 94:46 153-9 
11-365 17:0 79-37 
“ Chloroform 5-004 21-8 83°83 88:03 99-52 168-2 
14-981 21:0 82-91 
Hydrogen Benzene 4:914 18-8 64:10 66:74 76:00 126-3 
| malonate 20-078 19:0 64-14 
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Molecular Rotations of His, ; 


Mol. rotations. ea Mol. rotations. 
Sub- ——" 7 Sub- 
stituent Liq. . stituent Liq. 
group., Temp. _ state. Solution. group. Temp. _ state. Solution. 
CO,H 18-8° — 155-1°* OMe 60° 163-5° 
59-5 158-8° 80 163-3 
90-5 157-6 90 162-9 | 
OEt 20 160-6 OH 12-3 — 180-17 
40 161-2 17-6 ~— 161-2* 
60 161-9 94-3 165-0 
80 162-6 CN 19-2 — .178-3* 
90 162-8 21°8 ~— 186-97 
OMe 20 165-0 91-3 174-1 
40 164-2 : 


Solvent: * benzene, + chloroform. 


In conclusion, the authors desire to thank the Earl of Moray 
Fund for a grant which has covered most of the expenses involved. 


DEPARTMENT OF CHEMISTRY, - . aie 3 
University or EDINBURGH. [Received, July 4th, 1925.] 
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CCXCVIT.— X-Rays and the Constitution of the Hydro- 


carbons from Paraffin Wax. 


By StepHEN Harvey Pirer, Dennis Brown, and STANLEY 
DYMENT. 


SiIncE the distance apart of the main cleavage planes of the crystals 
of long-chain compounds has a definite relation to the length of the 
constituent molecules (Miller and Shearer, J., 1923, 123, 2043, 
3153; this vol., pp. 592, 600), X-ray examination of the spacing 
of such planes of unknown crystals may give important information 
as to the nature of the structural molecules. The nature of the 
hydrocarbons composing paraffin wax is unknown, although it has 
been conjectured, on slender evidence, that they are higher members 
of the normal methane series. It was hoped that X-ray examin- 


ation of the crystals of the individual hydrocarbons would throw 


some light on their constitution. 
Origin of the Hydrocarbons.—The seven solid hydrocarbons, an 


| 


investigation of which forms the subject of this communication, — 
were isolated by Prof. Francis and his students from Scotch paraffin — 


wax by long-continued fractionation in high vacua (J., 1922, 1214, 


1529). These authors believed that 80°, of the original material | 
was composed of seven hydrocarbons, boiling at constant temper- | 
ature; and their opinion that these hydrocarbons were not mixtures 
was strengthened by their later work (loc. cit., p. 2804), which showed | 


* Dotriacontane. 


Side spacings. _ Main spacings. Side spacings. 
fad ove Oe. a ee eae: a 


Wax 


[To face p. 2194,] 
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that, on oxidation of each fraction by air, the small amounts of 


hydrocarbon which escaped this ‘process were identical in every case 


with the original material. 


Krafft (Ber., 1907, 40, 4779) isolated eighteen hydrocarbons by 
fractionation of Saxon paraffin wax in the “ vacuum of the cathode 
rays,” and identifying these with those he had synthesised from 
materials of known constitution, drew the conclusion that the 


wax was composed of a large number of the higher normal members 


_ of the paraffin hydrocarbons. Francis has pointed out, however, that 


five fractionations of such a complex mixture were quite insufficient 
to indicate the presence of constant-boiling substances, that pure 
hydrocarbons could not have been isolated, and hence no satisfac- 
tory deduction could be drawn’ from a comparison between ‘these 
impure substances and synthetic normal hydrocarbons. 

The seven solid hydrocarbons obtained by Francis, and here 
lettered B to H in ascending order of melting points, appeared to 
differ in some respects from normal hydrocarbons, and it seemed 
possible that X-rays might show if they varied in crystalline form. 

The substances were melted on glass strips, and the reflection 
spectra yielded by iron K-rays from a Shearer tube were photo- 
graphed on a Miller spectrograph. All the specimens gave good 
photographs, some of which are reproduced in Fig. 1. All showed 
one set of planes with a large spacing, and two or three smaller 
“side spacings.”’ These side spacings were the same for all the 
substances examined, but the large spacings increased with molecular 
weight and the appearance of the plates suggested that they belonged 
to a series of some kind. For the sake of comparison, synthetic 
triacontane, dotriacontane, and tetratriacontane were photographed. 


The main spacings measured for these substances are plotted in 


Fig. 2 against the number of carbon atoms they contain, and the 
spacings obtained from the unknown hydrocarbons isolated from 
paraffin wax have been set out on the straight line drawn through 
these points. It will be seen that, with the exception of H, each 
hydrocarbon spacing agrees almost exactly with a whole number of 


carbon atoms, and this number we consider to be the number of 


carbon atoms in the substance. The number of carbon atoms so 
obtained does not, however, in the cases of B, HE, F, and G agree 
with the value deduced from the molecular weight determinations 


and published by Francis (J., 1922, 124, 1531). In Table I, columns 


3 and 4, the two sets of values are compared. We considered that 
our graph showed definitely the presence of the seven different 
hydrocarbons in column 3, and our belief in the method was strength- 
ened by a measurement made on a hydrocarbon synthesised by the 


electrolysis of what was believed to be pure stearic acid, and which 
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therefore should have been tetratriacontane. The photograph of 
this hydrocarbon, however, only showed the lines corresponding 
to dotriacontane, and further examination proved that the specimen 
actually was this hydrocarbon. An investigation of the stearic 
acid used in the preparation showed the presence of a quantity 
of palmitic acid; consequently the reaction must have taken place 
between the radicals of palmitic and stearic acids rather than of 
stearic acid only. A specimen of.a hydrocarbon prepared by the 


Te 
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N sions of teen atoms. 
x Synthetic hydrocarbons. © Hydrocarbons from paraffin wax. 


48 


44 


42 


40 


38 


Spacing in A, units. 


36 


same method from carefully purified stearic acid gave the spacing 
expected for tetratriacontane. A redetermination of the molecular 
weights of the hydrocarbons from the paraffin wax was obviously 
desirable, and this was undertaken by Dr. Christie of the Chemical 
Department, to whom our best thanks are due. 

The difficulty of obtaining trustworthy results by the Beck- 
mann ebullioscopic method is well known, in spite of the fact that, 
a definite experimental procedure always being adopted, very 
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concordant observations may be made. Using benzene as a solvent, 
Prof. Francis (loc. cit.) had obtained data agreeing among them- 
‘selves in many cases to 1%. In order to vary the procedure, Dr. 

Christie employed the newer method of Menzies and Wright (J. Amer. 
_ Chem. Soc., 1921, 43, 2314), which is stated by these authors to give 
“more accurate results. The constant for benzene, 26-1, given 
_by them gave too low a value for the molecular weight of dotria- 
contane, which was regarded as-a standard; the value 26-67 has 
therefore been used throughout these determinations, which in all 
cases were carried out under precisely similar conditions. 

The mean molecular weight determined for dotriacontane was 
452 in both chloroform and benzene. The calculated value is 450 
_and in each solvent individual determinations did not differ by as 
“much as 1%. 

Fraction B. The old value 325 was confirmed, four determin- 
ations in benzene giving 321 with a maximum variation of just over 
51%. CysH4, requires M, 324. 

_ Fraction C. The previous value was 332. Using benzene as a 
solvent, the mean of eight determinations by the new method was 
found to be 336 with an extreme variation of just under 2%. In 
chloroform the mean of seven determinations gave 338 with a 
variation of about 1%. (C,,H;,) requires M, 338. 

_ Fraction D. Only a small quantity of this fraction was available. 
The old value was 358, but in benzene M was now found to be 
distinctly higher, viz., 368 with a maximum variation of about 1%. 
This appears to be C,,H;, (1/7, 366). 

Fraction E. Old determination 394. The mean of eight observ- 
ations in benzene was 369, and of four in chloroform 366, the 
variation being about 1%. This agrees with the molecular weight 
of C,,H;,, in which case E is isomeric with D, although the photo- 
graphs are quite different. 

_ Fraction F. Old value 419. The mean of eight observations in 
benzene was 390, and of nine in chloroform 396. Probably the sub- 
‘stance is C,.H., (M, 394). 

_ Fraction G. Old value 449 corresponding to Cz,Hg.. The 
photographs of G and of dotriacontane, reproduced in Fig. I, 
are quite different. Three measurements in benzene with the new 
apparatus gave M 407. Three more by another investigator gave 
the same mean value. Three in chloroform gave 408, by the other 
observer 410. This hydrocarbon appears to be CygH¢, (M, 408). 
_ Fraction H. Previous value 434. Five determinations of M 
in benzene now gave a mean value of 443, and it is considered 
probable that this hydrocarbon is C,,H,, (IM, 436). It certainly 
is not dotriacontane (see Fig. 1). 


, 
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These new magnitudes are shown in Table I, column 5. 


TABLE [. 
mn, the number of carbon atoms 
in the molecule. : 
PTS Ta a 
Spacing in Menzies and 
Substance. A. units. Authors. Beckmann, Wright. - 
Synthetic CypH > 40-4 
. CoH gg 42-7 
a Oetive 45-3 
30-6 22 23 23 
C 32°86 24 24 24 
D 34:3 25 25 26 
I 35-6 26 28 267 
F 37°75 28 30 28 
G 39-45 29 on 29 
H (melted) 42-2 31-5 3l 31 
H (pressed) 42-9 31 dl 31 
Synthetic C,,H 4, (melted) 41-6 
ie Cs,H,, (pressed) 43* 


* Miller and Saville, this vol., p. 600. 


In the case of hydrocarbons C, E, F', and G the number of atoms 
deduced from Dr. Christie’s observations agrees with our estimate, 
for D there is agreement with the Beckmann value, whilst B and 
H differ. We give reasons below for considering that our measure 
of the spacing of hydrocarbon H. corresponds to a value of » of 31; 
and we believe that the hydrocarbon B is C,.H,,, or at any rate 
contains this substance. A difference of one carbon atom in the 
chains of two of these hydrocarbons will separate the third-order 
lines in the photographs by about 0:33 mm. (see Fig. 1, H and 
dotriacontane), and as it is possible to measure a good plate to 
0-01 mm. it is almost impossible to confuse two different sub- 
stances. As is mentioned below, an absolutely uniform method of 
mounting the specimens is necessary. 

We consider that the photographs show that the hydrocarbons 
obtained from paraffin wax are identical in constitution with the 
synthetic normal hydrocarbons for the following reasons. 

(1) If the chains differed in nature, the unknown hydrocarbon 
line would not coincide in slope with the line on which the synthetic 
hydrocarbons lie. 

(2) The intensity of the lines falls off uniformly with increasing 
order. There cannot be, therefore, a side chain attached to the 
main chain (Shearer, this vol., p. 597). If the end groups differed, 
then one line would lie above the other, the larger end groups being 
on the upper line. As the spacing measurement gives the minimum 
number of, carbon atoms in the substance, the general agreement 
between this number obtained from the photographs and that 
deduced from the molecular-weight determinations makes it certain 
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that there are no more carbon atoms in the substances than are 
_ accounted for in the chains. 
_ Whilst these experiments were in progress Miiller and Saville 
completed a series of measurements of the spacings of the normal 
paraffin hydrocarbons, and found that the lower members had two 
modifications, A and B (this vol., p. 600). A comparison between our 
values and theirs shows differences much greater than the possible 
experimental error, ‘This discrepancy is due to a difference in 
technique ; Miiller and Saville pressed crystal flakes on a glass 
plate, whilst we melted our specimens on the glass. Our measure- 
ments do not correspond to either the A or B modifications, from 
‘which we conclude that the lattice has been distorted by the 
‘melting on glass. We have been able to verify this by a measure- 
“ment of hentriacontane, most kindly given to us by Dr. Miller. 
This substance when melted gives a spacing that falls on the line 
- given by our other synthetic hydrocarbons; it is plotted in Fig. 2. 
The spacing we found for the same substance when its crystals were 
“pressed on glass was much higher. An investigation into this 
behaviour is nearly completed and will be discussed in a separate 
scommunication. It is sufficient to state here that uniform treat- 
‘ment of the substances under investigation gives consistent results. 
_ Hydrocarbon H, when its crystals are pressed on glass, gives a spacing 
which agrees with that obtained by Miiller and Saville (loc. cit.) for 
"hentriacontane (see Table I). This substance is therefore hentria- 
‘contane. It remains to account for the anomalous value given by 
the melted substance. 
_ ‘Mixed Substances, melied together.—A photograph of crude paraffin 
‘wax is shown in Fig. 1 above that of fraction F. The lines of the 
“two substances coincide—a remarkable fact, since fraction F only 
furnishes about 16° of the mixture; in fact it is not the most 
‘plentiful constituent. Measurement of the lines shows a very slight 
‘difference between the spacings, but as we have not been able to 
obtain more than three orders from the wax this difference may be 
“partly experimental error. In general, however, we find that a 
“mixture containing F shows only the F lines, slightly modified, 
‘provided the mixture is melted on the glass. Other mixtures, when 
“melted together, usually yield modified lines of the longer chain, 
but if crystals of the two substances are pressed on the mounting © 
the lines of both photograph unaltered. We consider that the 
anomalous spacing given by the melted specimen of hydrocarbon H 
“May be ascribed to the presence of some impurity, too small in 
amount to show its lines in the photograph of the pressed substance. 
It will be noticed that the redetermination of the molecular weight 
of this substance does not give very satisfactory results; a similar 
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explanation will account for this. We believe the other hydrocarbons 
supplied by Prof. Francis to be fairly pure; the lines obtained fall 
very exactly on the normal hydrocarbon curve. Certainly those 
preceding and following F are not contaminated by this hydrocarbon 
to any appreciable extent. In the present state of our knowledge 
of the behaviour of mixed substances when examined by this 
method it is dangerous to generalise, but we believe that a normal 
spacing is at least an indication of a pure substance. 


These experiments were carried out with the aid of a grant 
from the University Colston Research Society. 
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COXCVIII.—Constituents of Myoporum laetum, Forst 
(the * Ngaio”’). Part f. 


By Freprerick Henry McDowa tt. 


Tux first section of this paper deals with the aqueous extracts of 
various parts of the “ngaio” tree. Mannitol is present in the 
leaves to the extent of 0-2% (calculated on the weight of green 
leaves used), in the berries, which contain formic acid also, and in 
the wood to the extent of 0-25%. 

The second section deals with the essential oil, 86% of which 
consists of an oxygenated sesquiterpene ketone, C,;H..O3, for which 
the author proposes the name “ ngaione ”’ (pronounced “ ny-one ” 
after the Maori name for the tree. Ngaione is characterised by its 
crystalline p-nitrophenylhydrazone and by its semicarbazone. The 
substance contains only one carbonyl group, and no methoxy- or 
methylenedioxy-group. It is reduced by sodium and alcohol to a 
secondary alcohol, ngaiol, which forms a monoacetate and a mono- 
methyl ether. It is concluded that alcoholic hydroxyl groups are 
absent and that the molecule contains two separate oxide rings, 
since the presence of an organic peroxide ring would probably 
render the substance unstable (compare ascaridole, loc. cit.). The 
molecular refraction indicates that ngaione contains two ethylenic 
linkings. Since these remain unattacked by sodium and alcohol, 
they cannot be in the «8-position to the carbonyl group, or con- 
jugated with each other. Ngaione is thus probably an open-chain 
diolefinic ketone. 

A solid paraffin hydrocarbon, Cy,H¢, or Cz,H4, is also present 
in the essential oil. 

Maiden (J., 1899, 55, 665) isolated a resin from the exudations 
of Myoporum platycarpum, R. Br. No similar exudations occur on 
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_Myoporum laetum, Forst. None of the species of Myoporum has 
been examined for essential oil. 

_ Only a few substances of a like nature to ngaione have been 
isolated from essential oils. Apart from the well-known cineole, 
these are: Ascaridole, C,,H,,0, (Nelson, J. Amer. Chem. Soc., 
1911, 33, 1404; Wallach, Annalen, 1912, 392, 59); kessyl alcohol, 
C,,H,,0, (Bertram and Gildemeister, Arch. Pharm., 1890, 228, 
483); calameone, C,;H,,0, (Soden and Rojahn, Chem. Zentr., 
1901, I, 1893; Thoms and Beckstrom, Ber., 1901, 34, 1021; 1902, 
35, 3187); kaempferia ketone, C,,H,,0, (Goulding and Roberts, 
J., 1915, 107, 314); daucol, C,;H,,0O, (Richter, Arch. Pharm., 
1908, 247, 391); and dicitronelloxide, €,,H,,0 (Spornitz, Ber., 
1904, 47, 478). Carlina oxide, C,,;H,,O (Semmler and Ascher, 
Ber., 1909, 42, 2355), is an aromatic compound, and elsholtzione, 
O,H02 (Asahina and Murayama, Arch. Pharm., 1914, 252, 435; 
Asano, J. Pharm. Soc. Japan, 1919, 454, 999), a ee derivative. 
. Of the terpenic substances, the only one to which a constitution has 
been assigned is ascaridole (Wallach, loc. cit.). Many of these 
compounds, like ngaione, have a relatively high density. 


EXPERIMENTAL. 
Non-volatile Aqueous Hxtract. 


(a) Hxtraction of Leaves—The green leaves, after the essential 
‘oil had been removed by steam distillation, were extracted with 
water, and the filtrate was evaporated in a vacuum at 60°. The 
green residue gave to chloroform, ether, benzene, and light petroleum 
only a small quantity of colouring matter, but a hot alcoholic 
extract deposited, on cooling, white needles of mannitol, [«]p (6% 
solution in presence of borax) +-20-7°. After four crystallisations, 
this, alone or mixed with a genuine specimen, melted at 164—165°. 
On acetylation, it gave hexa-acetyl mannitol, m. p. 120°. The 
yield of mannitol was 10 g. from 5 kilo. of green leaves. 

(b) Extraction of Berries—The aqueous extract of the crushed 
berries was freed from tannin with lead acetate, boiled with animal 
charcoal, and evaporated in a vacuum. The residue yielded man- 
nitol on extraction with hot alcohol. 

_ (c) Extraction of Wood.—The residue from the aqueous extract 
of 1 kilo. of undried sawdust gave, when treated with alcohol, 
q 5 g. of crude mannitol. 


The RR, Oil. 


The leaves and terminal branchlets (80 kilo. at a time) were 
distilled with superheated steam, 120 litres of distillate generally 
proving sufficient for complete extraction. The aqueous layer was 
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siphoned from the underlying layer of oil, and was then extracted 
twice with light petroleum. The yields ranged from 0-12% to 
0:30%, varying with season and sample. The oil was cooled to 
90° and the solid that separated (yield 0-01% of the crude oil) 
was recrystallised six times from hot absolute alcohol; m. p. 62— 
63° (Found: C, 85-4; H, 14:9; M, cryoscopic and ebullioscopic 
in benzene, 470. Cg,.H,, requires C, 85:2; H, 14:8%; M, 450. 
Ca,H 7 requires C, 85:3; H, 14.7%; M, 479). The substance is 
therefore a paraffin hydrocarbon of probable formula Cz,H¢, or 
C,H,» The literature records the isolation of several similar 
compounds from essential oils (compare especially rose oil, Bull. 
Soc. chim., 1904, 34, 934). 

The crystals were easily soluble in benzene, ether, chloroform, 
etc., slightly soluble in hot alcohol, but practically insoluble in cold 
alcohol. They were unaflected by bromine water or bromine in 
ether and were stable towards permanganate. 

The clear oil, after removal of stearoptene, was of a reddish- 
brown colour and had a sweet malt-like odour; ds; 1-:0203; [a]p 
__96-54°, n2®” 1-4823, saponification value, by direct titration after 
2 hours’ heating with alcoholic potash, 17-9. It was soluble in 
half its volume of 90% alcohol and in 44 volumes of 70% alcohol. 
No seasonal variation was observed in the values of the constants. 
No nitrogen- or sulphur-containing substances were present (Found 
for crude oil: C, 71:5; H, 9:5%). The high density and high 
oxygen content seemed to indicate the presence of phenolic com- 
pounds, but treatment with caustic soda gave a yield of only 0-41% 
of phenols, and a methoxyl determination showed the absence of 
methylated phenols. From the low saponification value it was 
evident that lactones or esters were not present to any appreciable 
extent. The oil yielded no trace of aldehyde or ketone sodium 
bisulphite compound. 

Repeated distillation of 850 g. gave the following fractions : up 
to 200°, 2 g.; 200—268° (in seven fractions), 22 g.; 160—166°/27 
mm., 6 g.; 166—176°/27 mm., 8 g.; 176—182°/27 mm., 8 g.; 
182—183° /27 mm., 730 g.; 183—189°/27 mm., 20 g.; non-volatile 
residue, 30 g.; loss, 24 g. 

Ngaione—The main fraction, b. p. 182—183°/27 mm., con- 
stituting 86% of the oil, is the only one so far examined. It was 
divided into three portions by repeated distillation, the refractive 
index of the last drop of liquid issuing from the condenser being 
used as a means of division in the absence of a boiling-point range. 
The middle portion (600 g.) was a lemon-yellow oil with a faint 
odour, d° 1-0276, [«]»—26-20°, n® 1:-4804. The substance is pro- 
foundly altered by distillation at ordinary pressures; b. p. 300°, 
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n, of distillate, 1-4900. Duplicate analyses indicated very con- 
_ sistently the formula C,,H,,0, (see, however, analyses of crystalline 
derivatives and of purified ketone, which agree closely with C,;H,.03) 
(Found for three separate samples: C, 72-6, 72:3, 72-6; H, 9-3, 
_ 9-3, 9-0; M, cryoscopic in benzene and ethylene bromide, 250. 
. C,,H,,03 requires C, 72-7; H, 9-2%; M, 264. C,,H,,0, requires 
eC, 71:9; H, 89%; M, 250). 
_ The p-niirophenylhydrazone was prepared by heating a filtered 
; solution of 1 g. of p-nitrophenylhydrazine in 7 g. of alcohol and 
7 g. of glacial acetic acid with 1-8 g. of the substance for 1 hour 
_on the water-bath. After 24 hours, the emulsion produced on 
: addition of water was extracted with ether. The extract was 
washed with dilute sulphuric acid and with sodium carbonate 
solution, dried, and the solvent evaporated over sulphuric acid, 


_ The residue of large, bright yellow tablets was washed with cold 
alcohol and recrystallised from warm alcohol; m. p. 103° (Found : 
/C, 65-5, 65-4; H, 7-4, 7-1. C,,H,,0,N, requires C, 65-4; H, 7-1. 
= C..H..0,N, requires C, 66-1; -H, 7-:3%). 

_ The ketone (6 g.) and thiosemicarbazide (2:2 g.) were heated 
together in 30 c.c. of 63% alcohol on the water-bath for 12 hours; 
the alcohol was then evaporated, and the residue extracted with 
ether. From the extract a thick, reddish-brown oil, which could 
not be crystallised, was obtained (Found: S, 6-6. Ngaione thio- 
_ semicarbazone, C,,H,;O0,N,5, requires S, 9-9%). The substance 
was treated in alcoholic’ solution with silver nitrate (2 equivs. 
were necessary for complete precipitation), and the yellow silver 
salt was filtered, washed with alcohol and ether, and dried (Found : 
Ag, 32-7. C,,H,,0,N,SAg requires Ag, 25-0%. The double salt 
with silver nitrate requires Ag, 35-99%). The solid was therefore 
“probably an impure double salt. Ngaione thiosemicarbazone was 
recovered from the silver salt as a thick syrup which could not be 
erystallised. 

_ The silver compound (6-5 g.) was steam-distilled with excess of 
phthalic anhydride; the oil extracted from the distillate with 
light petroleum (yield 1-8 g.) had b. p. 185°/29 mm. (188° corr.), 
a 1-0273, “n® 1-4794, [Rz]p 69:10. C,;H.0,,/F, requires [Rz]p 
69-43 (Found: C, 71:9; H, 8-9. C©,;H,.0, requires C, 71-9; H, 
“$9%). This analysis and that of the p-nitrophenylhydrazone 
definitely establish the formula of ngaione as C,;H,.03. 

_ Ngaione slowly reduced ammoniacal silver nitrate and Fehling’s 
‘solution, more rapidly in presence of alcohol. It did not affect 
§ hiff’s reagent. In alcoholic solution it gave a bright green 
fluorescence with m-phenylenediamine hydrochloride, the colour 
being much more pronounced than that due to alcohol alone. It 
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did not, however, give a solid bisulphite compound under all con. 
ditions tried (compare kaempferia ketone, Joc. cit.). 

In an oximation experiment 63% of ngaione was converted. ir 
1 hour and 76% in 24 hours (Bennet, Analyst, 1909, 14). Ax 
alcoholic solution of ngaione (1 mol.) was heated with hydroxyl. 
amine hydrochloride (1} mols.) and sodium hydroxide (13 mols. 
on the water-bath for 5 hours. After removal of alcohol in a vacuun 
water was added, and the heavy oil extracted with ether. By 
distillation under reduced pressure the oxime was isolated as ¢ 
lemon-yellow, viscous oil which could not be crystallised ; b. p 
201°/27 mm., di; 1-0640, [«]p (in 10% solution in chloroform 
—13-51°, n° 1-5008, [Rz]p 73°37. Ngaione oxime, C,5;H.303N,/¢ 
requires [Rz]p 73°74 (Found: CO, 67-6; H, 8-6; N, 5:5. C,;H.,0,) 
requires C, 67:9; H, 8:7; N, 53%). The earbanilide of the oxim« 
is a syrup. 

The semicarbazone was prepared in aqueous alcoholic solution 
After the mixture had been allowed to stand for a fortnight, wate: 
was added, and the precipitated solid dried on porous tile. N« 
suitable crystallising medium could be found, the substance bein; 
extremely soluble in all solvents. Purified by reprecipitatior 
several times from alcohol by the addition of water, it melted a 
120—122° (decomp.). (Found: C, 62:9; H, 8-5. Cy, gH,,;O;N 
requires C, 62:5; H, 8-2%). ; 

The phenylhydrazone and p-bromophenylhydrazone are liquid 
The substance would not form a semioxamazone even in the un 
diluted state at 170°; and under the conditions laid down. b) 
Doebner (Ber., 1894, 27, 852) as applicable to all aldehydes, i 
failed to yield a B-naphthacinchoninic acid. It also did not combin 
with freshly distilled pyruvic acid in presence of caustic sod: 
(Lubrzynska and MacLean, Chem. Zentr., 1914, 561), neither dic 
it give a cyanoacetic acid compound. The failure to react with thes 
aldehyde reagents, the slow nature of its combination with hydroxy] 
amine, thiosemicarbazide, etc., the inertness towards sodiun 
bisulphite and semioxamazide, all lead to the conclusion that th 
substance is a ketone. This conclusion is supported by the fac 
that an acid of the same number of carbon atoms cannot*be obtained 
either by the use of oxidising agents or through dehydration of th 
oxime and subsequent hydrolysis. The reducing action toward 
Fehling’s solution and silver nitrate is very sluggish, and, more 
over, it does not appear to be due to the presence of the carbony 
group alone, since the purified alcohol (see below) also is slow], 
oxidised. ; 

With boiling acetic anhydride ngaione is partially converted int 
the enolic acetate (saponification value 73. C,;H,,0,,0°-CO-CH 
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requires 192). Ngaione decolorised bromine water very slowly; 
bromine in ether was rapidly absorbed, but the product was 
tarry. 

_ Ngaiol.—With sodium (8 times the theoretical quantity) and 
absolute alcohol, ngaione formed an alcohol, ngaiol (yield 86%), 
which was purified through the acid phthalate, the usual propor- 
tions of benzene and phthalic anhydride being heated with the oil 
p a water-bath for 120 hours. The slowness of the reaction 
indicates the presence of a secondary alcohol, confirming the con- 
clusion that the original substance is a ketone (combination takes 
place more rapidly without solvent at 130—140°, but is accompanied 
by a certain amount of racemisation). Ngaiol was thus obtained 
as a lemon-yellow oil with a faint sweet odour, b. p. 191—192°/29 
mm. (195—196° corr.), d3}; 1-0163, [«]) —25-00°, n%” 1-4784, [Rz]p 
70-28. C,;H.,03,/3, requires 70-94 (Found: C, 71:3; H, 9:8; 
M, cryoscopic in benzene, 260. C,;H,,0, requires C, 71-4; H, 
9-69%; M, 252). These figures further check the formula suggested 
for the ketone. No trace of a pinacol was observed. 

Treatment with the calculated quantity of chromic oxide in 
glacial acetic acid, instead of regenerating the ketone, completely 
disrupts a small proportion of the ngaiol, leaving the remainder 
intact. 

All attempts to obtain a crystalline derivative of ngaiol have 
been unsuccessful (compare farnesol, which gives no crystalline 
derivatives). The acid phthalate and its p-nitrobenzyl ester (Reid, 
J. Amer. Chem. Soc., 1917, 34, 1249) are viscous syrups, and the 
phenyl- and «-naphthyl-urethanes are non-crystalline. The methyl 
aanthate (Tschugaev, Ber., 1899, 32, 213, 3332, etc.), purified from 
volatile products by steam distillation, is a mobile, light-yellow 
liquid (Found: S, 19-2. C,,H,,0,S, requires 8, 18-7%). 

_ Ngaiol acetate, which is easily prepared in the usual way with acetic 
anhydride and sodium acetate, is a yellow oil, b. p. 190—192°/29 
mm., d: 10337, n° 1-4720, [Rr]p 79°60. C,;H,,0,°0°CO-CH3,|5; 
requires 80-31. Saponification value, 192. Theory for mono- 
acetate, 185. The acetate decomposes slightly on distillation and 
for this reason always contains a small amount of free acetic acid. 
Heating with acetic anhydride in a sealed tube at 170—180° for 
8 hours caused much resinification, but a small amount of oil was 
isolated, the saponification value of which was 204. Analysis 
showed that no water had been removed. By saponification with 
alcoholic potash and distillation in steam, ngaiol can be recovered 
om the acetate with unchanged physical constants. 

The remaining two oxygen atoms are not attacked by acetic 
anhydride in presence of a drop of sulphuric acid at 0°. In order 
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as far as possible to avoid any hydrolysis of a sensitive ester group 
the product was isolated by distillation, after removal of sulphuric 
acid with calcium carbonate and decomposition of the excess of| 
acetic anhydride by digestion with absolute alcohol. The saponific- 
ation value of the product was 186. 

Negaiol benzoate cannot be prepared by the Schotten—Baumann 
method. By the pyridine method it is obtained as an oil which 
decomposes on distillation (compare daucol, loc. cit.). A quantit-: 
ative experiment with benzoic anhydride according to Gascard | 
(J. Pharm. Chim., 1906, 24, 97) showed that only one hydroxyl 
group was esterified. Ngaiol does not form a p-nitrobenzoate 
either by the Schotten—Baumann or the pyridine method. : 

Ngaiol monomethyl ether is a light yellow, almost inodorous oil. 
Three grams of potassium (2 mols.) were dissolved in 8 g. of pure 
tertiary amyl alcohol and 50 c.c. of dry toluene, and 10 g. of ngaiol 
were added to the hot solution. The mixture was cooled in running 
water while being gradually treated during 2 hours with excess 
(12 g.) of methyl iodide. After 12 hours, the mixture was warmed 
on the water-bath till neutral (4 hour), treated with water, and 
the toluene layer dried and distilled: b. p. 178—179°/29 mm. 
(182° corr.), d: 0-9913, [«]y —16-82°, nj’ 14701, [Arh 74-89. 
Calculated for |, 75-68 (Found: OMe, 11-1. © ;H,,0,-OMe 
requires OMe, 11:6%). In the Zeisel determination ngaiol is con- 
verted into a resinous substance which dissolves completely in organic 
solvents. No deposit of carbon was formed, showing that a methyl. 
enedioxy-group is not present in the molecule. 

Ngaiol methyl ether (3-30 g.) in dry boiling toluene dissolved onc¢ 
atom. of potassium in 6 hours and a second atom. in another 2( 
hours. The solution of potassium salt reacted slowly with methy 
iodide in the cold. After 12 hours, the mixture was heated or 
the water-bath till neutral, and worked up in the usual way (Founc 
for distilled product: OMe, 11-8%). It is noteworthy that cal 
ameone (loc. cit.) is regenerated unchanged when methyl iodide is 
allowed to act on its sodium salt. . 

The above experiments show that ngaiol contains probably only 
one hydroxyl group, and therefore that ngaione and ngaiol contair 
two internal ether groupings. 

The work is being continued. 


Part of this research was carried out at Otago University 
Dunedin, New Zealand, while the author was holder of the Johi 
Edmond Research Fellowship. The still used in the extraction of thi 
oil was obtained by aid of a grant from the New Zealand Institute 
The author desires to express his thanks to the New Zealanc 
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Professor Inglis, Professor Collie, and Dr. Brady for their interest 
in the work. 
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OCXCIX. —An X-Ray Examination of Maleic and 
| Fumaric Acids. 


By KaTHLEEN YARDLEY. 


‘Tue following investigation was undertaken primarily to determine 
whether the planosymmetry and centrosymmetry usually ascribed 
‘to maleic and fumaric acids respectively have any actual existence 
‘in the crystalline state. Maleic acid crystallises in the monoclinic 
‘system, and fumaric acid (as will be shown later) in the triclinic. 

_ The crystallographic data for maleic acid (JJ = 116) are given 
by Groth (‘‘Chemische Krystallographie,” Part III, p. 286) as 
follows: Density p= 1-590 g./ce.c.; m. p. 130°; monoclinic 
prismatic, a:b: c = 0°7386: 1: 0-7015, 8 = 117°7’. 

A preliminary investigation showed that the full (010) spacing 
: vas 10°11 A. Uz and substitution in the usual formula, abc sin 8. p = 


q Spac- Spac- Relative Spac- Spac- Relative 
Plane ings ings intensity of Plane ings ings intensity of 
(hkl). calc. obs. reflection. (Akl). cale. obs. reflection. 
: 6:67 3:31 Large. 310 2-17 2:16 Very small. 
| 10-14 5-05; Very large. 210 3:18 3-17 Small. 
6-33 3-16 Very large 320 2:03 2-03 Moderate. 
indeed. 110 5-57 5-56 Large IInd 
2:35 2:35 Mod. large. order only. 
3:96 3-92 Moderate. 230 2:37 2-36 Very large. - 
1:95 1-92 Very small. 120 4:04 4:04 Mod. small. 
1-85 1:85 Mod. small. 130 3:02 3-01 Mod. large. 
2-51 2-48 Mod. large. 140 2-37 2-35 Small. 
3°74 1-85 Moderate. 160 1:63 1-63- Small. 
2-41 1:19 Very small. 180 1:24 1:25 Small. 
3°81 3:76 Moderate IInd 113. 2-28 «62:27 =Small. 
order only. 111 3:57 3:57 Moderate. 
6-22 6-22 Mod. large IInd Ill 5:30 5:30*. Mod. large. 
order only. 221 2:96 3:02 Small. 
3°56 1:77 . Small. 121 3-93 3:93 Mod. large. 
1:64 1:64 Small. 131 2:97 2:95 Small: 


The crystals show a perfect cleavage parallel to the (001) plane, 
and twin on (100).so frequently that a single crystal could not at 
first be obtained and the spectrometer measurements were made 
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onatwin. This gave rather complicated results, but it was generally 
possible to detect which additional reflections were the result of 
the twinning. For example, since the crystal is monoclinic and — 


twins on (100), the {2£O} zone is entirely unaffected and the reflections — 
found are perfectly normal. The {Ol} zone, however, shows | 


doubling of its planes throughout. Fig. 1 represents the lattice 


of the twin (showing four unit cells) projected on the (010) plane. 


The reflections from the (101), (001), (102), (101), (201), etc., 


planes of one individual (A) of the twin are apparently doubled owing 
to reflections from planes (201), (101), (102), (001), (101), ete., 
belonging to the other individual (B). The (100) plane shows, of 
course, a single reflection, since it is common to both individuals ; 
the angular separation is greatest between the (102)A plane and the 
(102)B plane. Measurement of the angle (001)A : (001)B gave for 
the monoclinic angle, 8 = 117°10’. 


Ere. ih. Fig. 2. 
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The reflections from planes of the {Oxl}A zone may be confused 
with those from planes of the {hkh}B zone, since the two zone axes 
are nearly parallel, and if one is vertical the other will be approxi- 
mately vertical also. To eliminate all possibility of confusion 
of this kind, the measurements were repeated. on a single crystal, 
grown from acetone after many attempts ; several other planes 
also were measured. It was found, moreover, that, besides the 
perfect cleavage parallel to (001), there was an imperfect cleavage 
parallel to (010), and also that the crystals could be bent and twisted 
in certain directions without fracture. This interesting fact was 
verified both on single and on twinned crystals and will be described 
more fully in a separate paper. | 

The table of results shows that certain planes (marked *) have 
an observed spacing of only one-half of the calculated value. In 
other words, all odd-order reflections were absent from these planes. 
Apart from the (010) plane, all the marked planes have indices 
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:.. where (h + 1) is odd. Since full spacings were found for the 
. (301) (301) planes, the (101) (101) cannot really be halved, although 
_ only second-order reflections were found from these planes. The 
_ second-order reflection from the (010) plane was very strong, and 
_ moreover the planes for which k is odd gave much weaker reflections 
than those for which k& is even. Thus the reflections from (011) 
_ and (031) could not be found, but those from (021) and (041) were 
quite strong; also the (160)'and (180) reflections were easily 
_measurable, whereas the (150) and (170) were not. The crystals 
therefore belong to the space-group C,,°, for which the (010) plane is 
_ halved and also all planes {hOl} for which (4 + 1) is odd (Astbury 
_and Yardley, Phil. Trans., 1924, A, 224,221), Rotation photographs, 
kindly taken by Dr. Miiller, verified the spectrometer readings 
_and the above conclusions. A diagrammatic representation of the 
_ Space-group is shown in Fig. 2, in which the unit cell is projected 
on the glide-plane of symmetry, (010), and the positions of the 
_ centres of symmetry are marked by crosses. 
_ Since there are four molecules in the unit cell, the maleic acid 
molecule must be asymmetric. The planosymmetry usually 
ascribed to maleic acid from chemical considerations has therefore 
io existence in the crystalline state. (It is, of course, possible that 
_in solution the molecules do possess a plane of symmetry which is 
; Be ciroved by slight distortion in the process of crystallisation). 
; The absence of a plane of symmetry is perhaps surprising, as maleic 
_acid on oxidation forms the internally compensated mesotartaric 
acid. Itis, however, significant that, although maleic and succinic 
anhydrides are supposed to be isomorphous, the acids themselves 
“are certainly not. Succinic acid belongs to the space-group Cy? 
_ with two molecules per unit cell, and the molecule does, presumably, 
_ possess a plane of symmetry (Yardley, Proc. Roy. Soc., 1924, A, 
105, 451), but its crystals are quite unlike those of maleic acid 
"except in that they belong to the same class. The co-ordinates of 
equivalent points of the four molecules of maleic acid in the unit 
cell, relative to the crystallographic axes, are (000), (4v3), (u4w), 
(u + 4,v+4,w-+ 4). Exact consideration of the relative inten- 
_Sities of reflection from different planes is not likely to be very help- 
ful in deciding the values of the variable parameters, w, v, w, as the 
Positions of the atoms in the molecule are not known. There are, 
however, some general indications of their value. For instance, 
ce very large second-order but no first-order reflections were 
ena for the (101) (101) planes, it seems probable that w and w are 
“approximately equal to } and 0 or 0 and 3. Also the exceptionally 
_ large reflection from the (0 0 01) planes, parallel to which is an excellent 
Cleavage, indicates that most of the atoms lie in these planes and 
ae VOL. OXXVII. 45 
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very few between them. The following structure is suggested as 
being most probably near to the truth, though not by any means 
as being correct in every detail. In general, the actual measure- 
ments completely define the lattice and space-group, but the 
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assignment of a structure, however probable or plausible, is alway 
accompanied by a certain amount of conjecture. The suggester 
structure for maleic acid is based on the known space-group Cn)’ am 
therefore on the simple Bravais lattice T,. In order to explai 
the very large reflection from the cleavage plane (001) it is necessar, 
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to assume that the double bond lies along the @ axis and the two 
C-C-OH groups lie wholly in the (001) plane, linking between 
the (001) planes being effected by means of the ketonic oxygen 
atoms only. Since it is not probable that two ketonic oxygen atoms 
will attract each other with any great force (indeed, repulsion is more 
likely), the cleavage parallel to the (001) planes is readily explained. 
This is illustrated diagrammatically in Figs. 3 and 4. 

In Fig. 3 is shown the projection of the unit cell on the (010) plane 
of symmetry. The measurements show that the molecule at the 
point (3, v, $) is the reflection of that at the origin. The only satis- 
factory way of placing the remaining two molecules is for the 
molecule which is obtained by rotation of that at the origin to lie at 


(10°, AU) 
or very near the point (4, 4, 0) and for the molecule which is centro- 
symmetric with respect to that at the origin to lie at the point 
(0,v + 4,4). The ketonic oxygen atoms lie approximately parallel 
to the c axis when projected on to the (010) plane. In Fig. 4, the 
projection is on a plane normal to the a axis. Here both cleavages 
are clearly seen, and it will also be noticed that the hydrogen of the 
carboxyl group of one molecule links on to the unsaturated carbon 
of the next. The exact positions of the hydrogen atoms cannot, 
of course, be fixed, since their scattering power is too small seriously 
to affect the X-ray reflections. In Fig. 5, which shows just the 
atoms lying in the (001) plane and those directly connected to them, 
the asymmetry of the molecule is at once apparent, and a comparison 
of the various diagrams shows that such asymmetry is necessary 
to build up the monoclinic structure. It is essential that such a 
Structure should explain the almost invariable twinning on the 
(100) plane. Multiple twinning never appeared at all; in fact, 
examination of the crystals at various stages of their pail tended 
E 
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to prove that a crystal began to grow at the twin plane and then 
built itself up to equal amounts on either side of this. The material 
crystallised at first in long, fine needles, which afterwards increased 
+n thickness. However fine these needles might be, they were 
always perfect twins, and the smaller the crystal the more nearly 
exactly was it bisected parallel to its length by the twin plane. 
If these needles were broken across, a remarkably good re-entrant 
cleavage was observed, parallel to the (001) plane in each individual 
of the twin. In the case of a cluster of needle-like twins growing 
out from a complex nucleus, the apex of the re-entrant angle cleavage 
always pointed towards the nucleus, showing that the crystal growth 


had followed certain clearly defined lines in the case of each needle, 
When crystallisation had taken place fairly rapidly, none of the 
crystals were single, although by slowing down the rate of evapora- 
tion it was sometimes possible to obtain large crystals which had 
grown unevenly on either side of the twin plane. From these one 
or two single individuals could be detached. Now if we assume that 
the crystals start growing as single individuals and then suddenly 
change direction and form twins, it is not easy to explain either the 
absence of multiple twinning or the presence of twinning in the 
very smallest crystals. These facts are readily explained on the 
hypothesis that growth begins at the twin plane. In that case, 
since the twin plane is a plane of reflection, molecules lying in 
it would necessarily possess a plane of symmetry, and would 


MALEIC AND FUMARIC ACIDS. 2213 


therefore be slightly different from those in the main body of 
the crystal. This is not improbable, as a little consideration will 
show. The molecules in the suggested structure are distorted but 
very little out of their symmetrical form; in solution, these mole- 
cules probably do possess a plane of symmetry (or other two-fold 
symmetry), since there is no reason from a chemical point of view 
why one-half of the molecule should differ from the other. When, 
therefore, crystallisation first begins, it is probable that the molecules 
will form themselves into a sheet, retaining their original symmetry. 
On either side of this sheet the crystal would build itself up as shown 
in Fig. 6. 

The molecules on either side of the central twin plane would be 
pulled out by the next succeeding layer and thus would become 
asymmetric, but the molecules lying in the twin plane, being pulled 


Fic.) '7, 


(0) (c) 


equally on either side, would not lose their plane of symmetry. 
The re-entrant cleavage is also easily explained. It is to be 
expected that at the twin plane the structure would be somewhat 
strained; in fact, the two individuals can be separated at the twin 
plane, though there is no cleavage parallel to the (100) plane in any 
‘other part of the crystal. An asymmetric molecule and its reflec- 
tion are non-superposable and so, unless it is assumed that the 
asymmetry is merely distortion produced during the process of 
crystallisation, it is impossible to avoid the conclusion that the 
original solution contained two enantiomorphous kinds of mole- 
cules. This is most unlikely. 

In Fig. 7, (6) represents the undistorted carey) with its plane 
of symmetry, as it would occur at the twin plane; (a) and (c) show 
‘the molecule distorted in opposite directions, thus accounting for 
the asymmetric enantiomorphous forms. ‘The approximate atomic 
diameters in this structure are: C = 1-54 A.U., O: = 1:15, OH = 

2 +5,H = 1-15. Itis not possible to tell whether the atomic diameter 
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of the unsaturated carbon atom differs from that of the saturated, 
especially as in the suggested structure both carbon atoms are, in 
effect, saturated. 

The measurement of crystals of fumaric acid was much more 
difficult than that of maleic acid. No previous crystallographic 
data were available, as the crystals grown are utterly unsuited to 
the usual goniometric examination. They are small and copiously 
twinned in many directions, and most crystals show either no clear 
face at all or only one. Nearly all of the fumaric derivatives that 
have been measured belong to the triclinic system, and it seemed 
probable that that would prove to be the case for the acid also. 
Fortunately, by slow evaporation of an aqueous solution, one 
crystal was obtained that seemed to .be twinned in one direction 
only. Measurements were made on this crystal, the Bragg ionisation 
spectrometer being used (as before) together with a Coolidge tube 
of rhodium anticathode. The main planes were first localised by 
obtaining the “mirror” reflection of “ white” X-radiation, and 
the position of the actual reflection of the homogeneous X-ray beam 
could then be found quite easily. The crystal was almost shapeless, 
but it showed one bright, though by no means plane, face. By 
setting this face as nearly as possible vertical and then rotating the 
crystal about it very slowly, the main zone axes were found and 
planes in three principal zones were measured. The unit cell was 
triclinic. The face which actually grows on some crystals was 
taken as the (001). The crystal measured was twinned on this 
plane, which was also a good cleavage plane. Nearly at right angles 
to it was a second, less definite, cleavage plane which was taken as 
the (010). A third plane nearly normal to these two was taken as 
the (100). These planes having been arbitrarily selected as axial 
planes, the spacings of other planes in the axial zones were measured. 
By combining all the observations it was possible to determine the 
size of the minimum crystallographic cell. The unit cell taken is, 
of course, in the triclinic system, only one of an infinite number of 
minimum cells all having the same volume. The conditions that 
any such unit cell must fulfil are (1) that no calculated spacing should 
be a sub-multiple of the corresponding measured spacing, and (2) 

that no set of calculated spacings should be multiples of the measured 
spacings of those planes. If, for example, the measured spacing oj 
each plane with indices {hkl}, where h is odd, were one-half of the 
calculated value, it would mean that the unit cell adopted was 
twice as large as the true unit cell, the a axis of the latter being only 
one-half the length of the a axis formerly used. 

Considerations such as these showed that the arbitrarily selectec| 
axial planes did form the boundaries of one such possible minimun 
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cell. The angles between the axial planes and their spacings were 

‘measured; the lengths of the axes and the axial angles calculated 

therefrom are @ = 7:56, b = 15-00, c = 6-20 A.U., whencea:b:¢ = 
0-504 : 1: 0-413 and « = 90°40’, 8 = 88°30’, and y = 89°48’. 
! As these angles are all very nearly right angles, they are almost 
_ exact supplements of the measured Bplee between the axial planes. 
_ Also the differences between the lengths of the axes a, b, c, and the 
_ observed spacings d199, Io19, Ayo, are less than the probable errors 
of observation and are therefore negligible. From these axial 
_ spacings and angles the spacing, d, of any other plane (hk/) can be 
calculated by means of the formula 


‘eee eS sesh’ kl 
Zp = 5 51 & -F 55 Sin B+ asin Y + 2] F (cos 6 cos y — COS «) 
ote (cos y cos % — cos 6) + (cos «eos  — cos ”| 


=> sf fhe oa + Bos (cos B cos y — Cos «), 


where ye = 1 — cos? « — cos? 8 — cos? y + 2 cos « cos 6 cos y 
= 4sin3 («+8 + y)sin2(— « + B + y)sina(e — B+ ¥) 
sin 2(« + B — »). 
Also the angle 6 between two planes (h,4,/,) ee (hokolo) is given by 


cos6 = SO Le sin? 2 ie sin? p + “4 be sin? y 
i pees Bh (cos «cos 8 — cosy) + a as bls (cos 8 cos y — COs «) 


= wile ead i COS y COS % — COS 6) 


— a | ney 2% + yee (cos 8 cos y — COs 2) | 
d,, d, being the spacings of the two planes. 

The volume of the unit cell is abc. 

Comparison can thus be made between the spacings and angles 
calculated as above and those actually measured on the spectrometer. 


Spacings. 

‘Relative Relative 
Obs. _ intensity. Plane. Cale. Obs. intensity. 
7-56 Small IT. 301 2-36 2-36 Mod. large. 

15-00 Moderate VI. 101 4:73 4:74 Very small I, 

6-20 Small I, very ¥ small ITT. 

large IT. 101 4:86 4:83 Very small I, 
3:04 Mod. large. small IIT. 
3°03, Mod. large. 110 6-74 6-70 Mod. small II, III. 
3:89; Moderate. 110 6:76 6-75 Mod. small II, III. 
3°88, Moderate. 210 3-66 3-59 Moderate. 
— Not found. 210 3-67 3-60; Mod. large. 
3-20 Small. 140 3:36 3-35 Small. 


2-32 Mod. large. 140 3:37 3-37 Small. 
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Angles between planes. 


Planes Cale. Obs. Planes Calc Obs 
010: 001 — 89° 20’ 301 : 001 69° 10’ 68° 51’ 
001 : 100 — 91 30 101 : 001 141 17 141 » 20 
100 : 010 — 90 12 101 : 001 39 56 39 36 
012: 001 168° 24’ 168 12 110: 010 116 57 116 40 
012: 001 11h «B85 11. 37 110: 010 63 25 63 17 
031: 001 12S eek 128 32 210: 010 104 19 104 18 
031: 001 50 42 50 43 210: 010 Toros 76 8 
041: 001 58 21 68 32 140: 010 153 31 153 36 
301: 001 Lis gh25 113: 28 140: 010 26 34 26 50 


Allowance being made for the obvious difficulties in setting the 
crystal on the spectrometer table in the correct position, this agree- 
ment is quite good. . 

The density of fumaric acid is 1-625 g./c.c. and M = 116. Calling 
the number of molecules per unit cell n, we have abeNp = nM. 1-65, 
Substitution of the known values of a, b, c and N leads to the value 
n= 5:97, 

This shows that there are six molecules of formula C,H,(CO,H), 
in the unit cell, the minimum cell which, repeated through space, 
will build up the crystal structure. It is well-known, however, 
that the number of asymmetric units required to build up a triclinic 
cell is either one or two. A triclinic pedial (C,) crystal! is formed 
by the repetition through space of a single asymmetric unit, a 
triclinic pinakoidal (C,) crystal by the repetition through space of 
one centrosymmetric unit or of two asymmetric units arranged 
centrosymmetrically with respect to each other. Now it is 
impossible from the outward form of the fumaric acid crystals to 
tell whether they belong to the pedial or to the pinakoidal class, 
since all the crystals are practically shapeless, nor is it possible by 
any X-ray method to distinguish between the two classes. If the 
crystals belong to the pedial class, then it follows that six simple 
molecules of formula C,H,(CO,H), must, in the solid state, be 
associated together to form a single asymmetric unit, which is then 
repeated through space. If, on the other hand, the crystals are 
pinakoidal, then the six molecules in the unit cell are arranged in 
two groups of three, each group being asymmetric in itself, but 
centrosymmetric with respect to the other. It is important to 
know whether the simple chemical molecules in such a group are 
related to one another in a manner different from that in which 
they are related to all other molecules in the crystal. If this is so, 
then the group might be called a ‘“‘ crystal molecule,” its formula 
being [C,H,(CO,H),], in the first case or [C,H,(COH).], in the 
second. In the unit cell of any symmetrical crystal there exists 
an association of a given number of ultimate asymmetric parts 
which are so arranged about the elements of symmetry as to build 
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_ up a unit possessing the full symmetry of the class. This unit then 


repeats itself through space without change of character or orienta- 


tion. In general, the ultimate asymmetric parts are identical with 


the chemical molecule (or ions) or are sub-multiples of the chemical 
molecule. ‘Thus, in the case of naphthalene the molecule is centro- 
symmetric (that is, it contains two such parts) and two molecules 
arranged about an axis of screw symmetry build up the unit mono- 
clinic prismatic cell. There is certainly no reason why one should 


_ pair a given molecule in such a crystal with any of its four immediate 


neighbours and call such a pair a double molecule. The case of 
fumaric acid is, however, quite different. This is one of the few 
exceptional crystals where the ultimate asymmetric part is a multiple 
of the simple chemical molecule. Other examples which have been 
found include «-naphthylamine (Sir W. H. Bragg, Report of the 
Solway Conference, 1925), where the orthorhombic cell contains 
eight asymmetric groups of three chemical molecules; monoclinic 
carbon tetrabromide (Mark, JBer., 1924, 57, 1820), where the 
ultimate part is said to be C,Br,; and rhombic sulphur (Mark and 
Wigner, Z. physikal. Chem., 1924, 144, 398), in which the unit cell 
contains 128 atoms, the ultimate asymmetric group being either 
S,, Sg, or S,;,. As a rule, when two or more chemical molecules are 
associated together in the unit cell it is with the object of producing 
symmetry. When, as in these exceptional cases, there is also an 
association of a type which does not produce symmetry, we are 
perhaps justified in assuming that this association is closer than a 
mere crystallographic connexion and partakes more of the nature 
of an actual polymerisation in the solid state. In the case of 


sulphur it is most probable that the different crystalline forms are 


_ polymerised to different extents; the polymerisation is known to 


persist to a certain extent even in the vapour. This point has not 


been tested in the case of fumaric acid. Very little is known about 


matter in the solid state, apart from what can be directly deduced 


from the crystal structure. The fact that fumaric acid sublimes 


~ at 200° and melts in a closed tube only at 286—287° may perhaps 


be taken as evidence of a closer association between the chemical 


molecules than that usually existing in crystals. The same possibly: 


applies to its insolubility in all ordinary solvents, and to its low heat 
of combustion (317-6 mol.-gm.-cals.) compared with that of maleic 


_ acid (331-3 mol.-gm.-cals.), since it may well be supposed that in the: 


case of fumaric acid heat would be used up in separating the mole- 
cules before actual combustion could take place. It is doubtful, 
however, whether any reliance can at present be placed on con- 


_¢lusions drawn from differences in heats of combustion, heats of 


' 
] 


4 


solution or crystallisation, etc., since we have very little idea to 
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what extent these depend on the actual crystal structure and to 
what extent on the molecular structure (Garner and Randall, J., 
1924, 125, 881). Bruni and Gorni (Gazzetta, 1900, 30, i, 80), when 
determining the molecular weights of methyl maleate and fumarate 
cryoscopically in methyl succinate, found a normal value for the 
maleic ester (149-5 to 164; calc., 144), but the abnormal value of 
797 to 914 for the fumaric ester in dilute solution; a raising of the 
freezing point of more concentrated solutions (above 2%) probably 
indicated the formation of a solid solution of the fumaric with the 
succinic ester. The abnormal value obtained for the fumaric ester 
in dilute solution may possibly be due to molecular association of 
the same type as that now observed in the case of the acid. Deduc- 
tions drawn from the behaviour of the esters could not, however, 
be safely applied to the acids. That there is some difference between 
maleic and fumaric acids other than this association is obvious, 
since in solution they both act as if they 
had the simple formula and yet there 
are striking chemical differences to be 
accounted for. Probably there is a differ- 
ence in the spatial arrangements of the 
atoms in the simple molecules in solution, 
but in neither case does the molecule 
possess symmetry in the crystalline state. 

The complex twinning mentioned above 
as characteristic of fumaric acid is worth 
describing in some detail. Cruciform 
crowths are very frequent (as shown in Fig. 8). The only distinct face 
on such a twin is the flat surface, from which a small reflection has been 


Fig. 8. 


-* obtained showing it to be the {001' plane. The twin planes therefore 


have indices {hkO}. The angles between the arms of the twin are 
almost exact right angles and the b axis runs parallel to the length 
of the arms. Hence the twin planes must be the {120} and {120}, 
which make angles of 44°42’ and 44°55’ respectively with the {010} 


plane. Some crystals are twinned in the above manner and then — 
again each arm is twinned on a plane nearly at right angles to both — 


{001} and {010}, presumably therefore the {100}. Such interpene- 
trating twins obey at least two twin laws. Other interpenetrating 


twins have not merely four arms, but six. Some have only four | 
arms, but these are not at right angles. The laws obeyed by such 


twins have not yet been elucidated. 

More recent X-ray examination of some of the derivatives 
of maleic and fumaric acids has shown that in no other case yet 
investigated does association take place in the solid state. The sub- 
stances examined were monopotassium chloromaleate, C,H,O,CIK, 
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diammonium chlorofumarate, C,HO,Cl(NH,),, and ammonium 
hydrogen fumarate, C,H,0,NH,; the X-ray data obtained have 
been published elsewhere (Yardley, Phil. Mag., 1925, 50, 864). 
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F.R.S., most heartily for his constant encouragement and advice. 
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CCC.— Purification of Phosphoric Oxide.* 
By Henry WHITAKER. 


_Frycu and Pero purified phosphoric oxide from traces of lower 
oxides by subliming it in a current of oxygen in an iron tube, heated 
to redness, and collecting the sublimate in a cooled glass tube (J., 
1922, 121, 692). On repeating the experiment, the chief difficulties 
“encountered were the blocking of the glass tube with a solid crust of 
oxide and its frequent fracture at the glass-to-iron junction. Better 
results were obtained by employing a special form of receiver. 
_ The receiver shown in Fig. 1 consists of a T-piece of wide glass 
tubing, the lower end, b, of which is fitted by means of a cork to 
‘the wide-necked bottle, c; transference of the sublimate from the 
‘receiver to a bottle for storage is thus avoided. 
_ The receiver shown in Fig. 2 was made by sealing the wide tube, 
6, close to the end of a (broken) Liebig’s condenser jacket, which 
was drawn out at e to fit into the end of the iron tube. The glass 
‘Tam, a, served to rake down into the bottle any deposit which 
collected at f, and the tube 6 was kept clear by occasional raking 
‘with a glass rod, applied through d, which was normally closed with 
acork. In the glass-to-iron junctions at e, a packing consisting of 
a collar of thin asbestos paper was found preferable to cementing 
with phosphoric acid. The chief drawback of either form of receiver, 
however, was fracture, which invariably occurred sooner or later 
‘in the course of the experiment. An iron T-piece was next tried, 
which proved more satisfactory. 
__* The work now described was completed in 1922. The peculiar difficulties 


attending the distillation of phosphoric oxide are disclosed by the work of 
Smits and Rutgers (J., 1924, 125, 2573). 
45% 2 
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The bent glass tube, with rake, employed by Finch and Peto for 
admitting small quantities of phosphoric oxide at a time into the 
iron tube was found to be inconvenient, and a simple form of 
feeding apparatus was substituted, which proved entirely successful. 
It consists of a wide glass tube, drawn out and sealed to the end of a 
thinner glass tube and provided with an ordinary cork, through 
which passes a glass rod flattened at the end into a circular disk. 
The glass rod should slide easily through the cork and the circular 
disk should loosely fit the narrow tube. The dropping tube is 
charged by raising the cork, keeping the glass rod in position with 


Fig } Fig 2 


asbestos asbestos 


cooling 
device 


the disk closing the narrow tube; the cork is then slid back into 
position. The crude phosphoric oxide contained in the dropping 
tube can be admitted as required, by slightly raising the glass rod 


and tapping the tube. This form of apparatus can be repeatedly 


recharged with fresh phosphoric oxide without interrupting the 


experiment. 


Blockages tended to occur in the vertical limb of the central iron ) 
T-piece; these were eliminated by using a vertical tube of wider | 


diameter than the horizontal portion. The final form of the 
apparatus is shown in Fig. 3. 

The current of oxygen (dried by passage through sulphuric acid, 
stick caustic potash, and crude phosphoric oxide) enters the iron 
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tube ate. It was found unnecessary to have an exit tube for the 


escaping oxygen. By properly adjusting the “ fit’ of the bottle ¢ 
(receiver for the sublimed phosphoric oxide) to the cork b, fitted 


over the iron tube, a, the oxygen escaped vid b. During the progress 


of an experiment, the plug, d, is unscrewed occasionally and the 
iron T-piece raked with an iron rake. 
In one experiment, from approximately 200 g. of impure phos- 


-phoric oxide, 70 g. of pure pentoxide were obtained in 2 hours. 


This product, tested with silver nitrate in the manner suggested 
by Finch and Peto, was found to be free from lower oxides. 

The use of mercuric chloride as a reagent for detecting the presence 
of lower oxides of phosphorus (suggested by Sir Richard Threlfall 
in a private communication to Professor A. Smithells) was found to 
be more convenient than silver nitrate, as neutralisation of the 
phosphoric acid with sodium hydroxide is unnecessary. A small 
quantity of the phosphoric oxide to be tested, dissolved in water, 
is boiled with mercuric chloride solution; if traces of phosphorous 
acid are present, a white turbidity or precipitate of mercurous 
chloride appears. All the samples of phosphoric oxide prepared 
by the method described above, when thus tested, were found to be 
free from lower oxides. 
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CCCI.—Determination of Metals Dissolved in Mercury. 
Rapid Method of Purifying Mercury. 


By ALEXANDER SmitH RusseLtt and DEREK CurRTIS Evans. 


Tuer work to be described is dependent on two observations, both 
of which, we think, are new: (1) that all metals more electro- 
positive than mercury except cobalt go rapidly into solution as 
sulphates without the accompaniment of mercury when amalgams 
of them are shaken with potassium permanganate or certain other 
oxidising agents in dilute sulphuric acid, and (2) that the point 
at which the last trace of the metal in the mercury has gone into 
solution is shown by the breaking of the surface of the mercury 
into bubbles. For the determination of single metals in mercury 
by the method to be described it is necessary that the reducing 
power of the metal be 100%, that is to say, that the metal go 
into solution only in so far as it reduces the permanganate or other 
oxidising solution. For purifying mercury, on the other hand, 
Tapidity of action between the metals to be removed and the 
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oxidising solution is more necessary than efficiency of reducing 
power. : 

We find * that the order in which metals when dissolved in 
mercury are removed from it by oxidising solutions is not the same 
as that of the electrode potentials of the metals in the free state. 
This order in mercury is (proceeding from electropositive to noble 
metals and including only those with which we have experimented) : 
zinc, manganese, cadmium, thallium, tin, lead, copper, chromium 
and iron, bismuth, cobalt, mercury, and nickel. It was found by 
obtaining the metals two at a time in mercury and finding out 
which went first into solution when ferric sulphate, or potassium 
permanganate or uranyl sulphate in sulphuric acid was reduced. 
The order seems quite definite; it appears to be the same what- 
ever oxidising solution be reduced, whether the solution be hot or 
cold, whether sulphuric or hydrochloric acid be employed, and 
whatever other metals be present in the amalgam. The order in 
mercury differs from the order of the electrode potentials of metals 
in the free state only in the absolute positions of chromium, man- 
ganese, iron, cobalt, and nickel (atomic numbers 24 to 28). This 
is ascribed to passivity (Russell, loc. cit.). The relative order of 
these elements in both series is the same. 


ExPERIMENTAL. 


The reducing efficiency of a metal in mercury was investigated 
as follows : an amalgam containing from 0-2 to 0-4 g. of the metal 
in 200 g. of mercury was prepared either by direct solution, or by 
electrolysing solutions of sulphate in sulphuric acid the concen- 
trations of which before and after electrolysis had been determined ; 
the amalgam was shaken in a 300 c.c. stoppered bottle with 80 c.c. 
of 2N-sulphuric acid and a volume of accurately N/10-potassium 
permanganate until the pink colour was just discharged; further 
volumes of permanganate were run into the bottle and the colour 
discharged until a point was reached such that on further shaking 
the surface of the mercury became a mass of small bubbles. This 
point could be accurately judged with experience to about 0-2 or 
0-3 c.c. and was taken as the point at which the whole of the 
metal had left the mercury. The mass of the metal theoretically 
necessary to oxidise the volume of reduced permanganate was then 
compared: with the known weight contained originally in the 
mercury. 


* This experimental work with discussion will be published elsewhere 
In Nature, 1925, 115, 455, one of us (A.S.R.) gave this order slight]; 
differently. By a slip chromium read manganese. The position of manganes 
had not then been investigated. 
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The results obtained for seven metals and potassium perman- 
ganate are in the table below. 


Gram Gram % Gram Gram % 
taken. found. efficiency. taken. found. efficiency. 
Zine. Lead. 
0-210 0-193 91-9 0-100 0-101 101 
0-210 0-192 91-4 0-202 0-200 99 
0-219 0-200 91°3 0-205 0-206 100-5 
0-929 0-865 93-1 0-206 0-206 100 
0-406 0-410 101 
Cadmium. C 
0-222 0-222 100 eat 
0-281 0-279 99-3 Tron. 
Tin 0-1791 0:1722 96:1 
: 0-3658 *3515 . 
0-400 0-400 100 . , Nae 
0-401 0-402 100-2 Bismuth. 
0-403 0-400 99-2 0-302 0-302 100 
0-403 0-401 99-5 0-367 0-365 99-5 


It is seen that the results obtained by this rapid method (an 
experiment could be easiky completed in 5 minutes) are fairly 
consistent and that each metal tried, with the exception of zinc 
and iron, is 100% efficient as oxidiser of potassium permanganate. 
These results contrast remarkably with the reducing efficiencies, 
and also the rate of oxidation, of some of these metals in the free 
state as investigated by Thorpe (J., 1882, 41, 287) and Sugden 

(321921, 119, 233). 
‘The results obtained in a similar manner when the metals reduced 
a N/10-solution of ferric sulphate in 2N-sulphuric acid were 

approximately 100% for cadmium, tin, lead, copper, and bismuth, 
as with permanganate. Zinc, however, was now also 100% 
efficient, the actual values obtained being 100, 100-9, and 100-1. 
The reducing efficiency of iron was, however, again less than 100%, 
the values obtained varying from 94 to 97. Ferric sulphate was 
found to oxidise the metal of the amalgam much more rapidly 
than permanganate, and shaking had to be carefully done to avoid 
over-running the end-point and bringing some of the mercury 
itself into solution. 

When uranyl sulphate was reduced, none of the metals showed 
reducing efficiencies of 100%. Of the seven metals mentioned 
above, only zinc, cadmium, tin, and lead could be investigated, 
because these alone were found to reduce uranium quantitatively 
from the sexavalent to the quadrivalent form. The mean values 
of their efficiencies decreased in decreasing order of potential, the 
mean values found being 91, 88, 82, and 74 for zinc, cadmium, tin, 
_ and lead, respectively. 
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It is obvious that the reducing efficiency of a metal may be 
investigated in this way only when it is completely removed from 
the mercury without being accompanied by mercury. It was 
found that mercury invariably accompanied cobalt and nickel when 
amalgams of these elements were shaken with oxidising solutions. 
The number of atoms of cobalt oxidised by the permanganate was 


found to be greater than that of mercury, and the number of atoms 


of nickel less. Cobalt appears, therefore, to act like a more electro- 
positive and nickel like a more electronegative metal than mercury. 
It was found possible by sacrificing some mercury to remove the 
whole of the cobalt, but not the whole of the nickel from the 
mercury by shaking with oxidising solutions. These are the only 
metals which lie in potential between zinc and mercury in the free 
state which cannot be determined quantitatively by the method 
described in this paper. 

The whole of these results receive a ready explanation with 
the help of present knowledge of the phenomenon of over-voltage. 
When a metal dissolved in, and more reactive than, mercury is 
shaken with sulphuric acid, it goes to some extent into solution and 
the equivalent amount of ionic hydrogen is discharged at the surface 
of tLe mercury. This has been proved to occur whether or not 
the metal is more electropositive than hydrogen in the potential 
series (S. W. J. Smith, Phil. Mag., 1909, 17, 834). Two extreme 
courses are open to this atomic hydrogen: it may wholly combine 
with the oxidising solution present (in which case the reducing 
efficiency of the metal is 100%), or it may wholly combine to form 
molecular hydrogen at the surface of the metal. The former course, 
it is expected, would be favoured by the presence of ions which are 
quickly reduced, and by a metal the power of which for catalysing 
the formation of molecular from atomic hydrogen is small; the 
latter course would be favoured by the presence of ions that are 
reduced slowly, and by a metal which catalyses the formation of 
molecular hydrogen. Of the three solutions tried, ferric sulphate 
was found by a series of comparative tests to be reduced most 
quickly, and uranyl sulphate most slowly, by amalgams of each 
of the metals investigated. Of these metals, mercury has the 
highest, and iron the lowest, hydrogen over-voltage, and, if this 
phenomenon be interpreted as the inability of the metal to catalyse 
the reaction 2H —>H,, it follows that, of the metals under dis- 
cussion, mercury does this most slowly and iron most quickly. 

The experiments described above may now be explained. When 
potassium permanganate is reduced in acid solution, only the very 
reactive zinc can generate more hydrogen (or more reactive 
hydrogen) than can be retained at the surface of the metal until it 
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reacts with the permanganate. When ferric sulphate is reduced, 
_ the increased rate of reaction between it and the atomic hydrogen 
is sufficient to prevent any formation of molecular hydrogen; zinc 
is consequently, like the other metals, 100% efficient as a reducer. 
When uranyl sulphate is reduced, the slower rate of reaction between 
it and atomic hydrogen explains the smaller reducing efficiency of 
zinc. Comparative tests which we have made on the rate of 
reduction of uranyl sulphate in acid solution by amalgams of different 
metals, show that as the metal becomes more and more electro- 
negative the rate at which it reduces uranyl sulphate relative to 
that at which it reduces permanganate decreases rapidly. Zinc, 
for example, reduces permanganate about 20°, more rapidly than 
the less reactive lead under similar conditions; it reduces uranyl 
sulphate, however, about ten times more rapidly. These observ- 
ations explain the low efficiencies of metals and their decrease with 
decrease in electrode potential when they reduce uranyl! sulphate. 
Since iron falls in the potential series of metals in mercury 
between copper and bismuth, it is to be expected from the results 
above that it would show a 100% reducing efficiency both with 
‘potassium permanganate and with ferric sulphate. The lower 
values found cannot be explained by supposing that the iron, 
which appears to be in the passive state in mercury, has become 
active, because there is no other evidence that iron when reducing 
permanganate or ferric sulphate becomes active, and further, zinc, 
which is 100% efficient as a reducer of ferric sulphate, is more 
-electropositive than active iron. The explanation of the low 
values is that iron is the only metal in the amalgams investigated 
which so catalyses the reaction 2H —-> H, that not all of the atomic 
hydrogen is used in reducing the oxidising solution. ‘This is con- 
firmed by the results of experiments on the reducing efficiency of 
zinc on permanganate in amalgams containing one other metal. 
We find that cadmium, tin, and lead do not lower the reducing 
efficiency of zinc, that iron lowers it a little, and that tungsten, 
molybdenum, and platinum, which have very small hydrogen 
over-voltages, reduce it considerably. These experiments will be 
detailed in a separate communication. The following experiments 
lead more simply to the same result: (1) When a c.c. of N/10- 
permanganate are shaken in sulphuric acid solution with iron 
amalgam the permanganate is first reduced and the resulting ferric 
‘sulphate is then quantitatively reduced by more iron to the ferrous 
condition. When this solution is titrated with the same perman- 
-ganate, it requires theoretically a/2 c.c., if iron has a reducing 
“efficiency of 100%. Experimentally it requires usually from 0-2 
to 0-5 c.c. in excess of this amount, showing that some of the iron 
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present in the amalgam has gone into solution without performing 
any reduction of either the permanganate or the ferric solutions 
present. (2) When a c.c. of N/10-ferric sulphate are shaken in 
sulphuric acid solution with iron amalgam a solution of ferrous 
sulphate results. This solution should theoretically require 3a/2 c.c. 
of N/10-permanganate when titrated. Experimentally it requires 
from 0:2 to 0-5 c.c. in excess of this amount for the reason explained 
above. (3) When the same volume of the solution in (2) is shaken 
with a tin- instead of an iron-amalgam, ferrous sulphate and 
stannous sulphate but no stannic sulphate are found to form. This 
solution should theoretically require 2a c.c. of N/10-permanganate, 
since stannous sulphate and ferrous sulphate are formed in equivalent 
amounts. Experimentally this value is found, which shows that 
tin is 100% efficient in these circumstances. 

From this survey it follows that, of the metals considered, iron 
alone cannot be directly determined in mercury by measuring the 
volume of potassium permanganate or ferric sulphate reduced by 
the metal. Owing to the rapidity of the reaction between the metal 
and the ferric sulphate and consequent danger of over-running the 
end-point, it is better to use potassium permanganate in presence of 
2N-sulphuric acid as oxidiser except when zinc is being determined. 
Iron may be determined easily and quantitatively by the following 
modification of the method. The iron amalgam is shaken with the 
permanganate until the end-point is obviously passed. The reduced 
solution is transferred to a bottle and shaken for one minute with 
1% zinc amalgam. Mercury salts are thereby reduced to the 
metal, which dissolves in the amalgam, and iron salts are wholly 
reduced to the ferrous state. The liquid is then decanted from 
the amalgam, which is washed by decantation with two volumes 
of 50 c.c. of water containing dilute sulphuric acid and the whole 
titrated with N /10-permanganate. 

The method described above should be a rapid and useful altern- 
ative to several more accurate but tedious processes. Three 
readily suggest themselves and we have carried out a few experi- 
ments on each: (1) the determination of the solubilities of metals 
in mercury, (2) the determination of tin and lead in solder, (3) the 
determination of metals electrolytically using a cathode of mercury. 

Determination of Solubilities of Tin and Iron in Mercury at 15°.—_ 
To 800 g. of mercury were added 15 g. of pure tin. The solid 
phase was obviously present. The mixture was kept for an hour 
at 15° and then pressed through chamois leather three times to 
remove the whole of the solid phase. The amalgam was shaken — 
with acidified permanganate in the usual way until the end-point — 
was reached; the whole of the tin was then in solution in the : 
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stannic form, since tin amalgam was found not to reduce stannic 
sulphate in measurable amount. The mass of tin in the known 
weight of the amalgam was then calculated from the volume and 
strength of the permanganate. The percentage of tin in solution 
in mercury at 15° was found in this way in two experiments to 
be 0-61 and 0-60. 

A similar experiment was carried out with iron. This metal 
was obtained in solution by electrolysing a normal solution of 
ferrous sulphate containing sulphuric acid with a current of 
3 amperes with a mercury cathode until the solid phase was 
obviously present. The solid phase was removed at 15° as with 
tin. Owing to the very small solubility of iron in mercury, as well 
as to its not being 100% efficient, the permanganate was used 
merely to remove the iron quantitatively from the mercury. The 
solution containing the iron was then treated as mentioned above 
and titrated with permanganate. In three experiments the 
solubility of iron in mercury at 15° was found to be 0-00138, 
0-00140, and 0:00140%. Richards and Garrod Thomas (Z. physikal. 
Chem., 1910, 56, 758) found by other methods the value 0-00134 
at 20°. 

Determination of Tin and Lead in Solder.—The conditions neces- 
sary for success in these determinations are (a) that the alloy 
dissolves without difficulty in warm mercury, (6) that it has two 
constituents only, each of which is 100% efficient in reducing the 
oxidising solution used, and (c) that the equivalents of the metals 
be as widely different as possible. Solder fulfils these conditions 
_ well. A table was compiled showing the quantities of decinormal 
permanganate theoretically required by a gram of solder (con- 
taining lead and tin only) of varying tin composition when it is 
oxidised to stannic and lead sulphates. It showed that a difference 
in percentage composition of tin or lead of 0-1 corresponded to 0-24 
e.c. of V’/10-potassium permanganate. Since the end-point in our 
method can be judged with practice to about 0-2 to 0-3 c.c. of 
permanganate, the error of a single determination need not exceed 
0-1. In practice, however, this accuracy was not always attained. 
In the table below, the percentage compositions of three solders 
obtained by the new method are compared with those determined 


gravimetrically. 
Average % determined 


Percentages determined by new method. values. gravimetrically. 
Sn 46-4 46-3 46-5 46-3 46-4 46-4 46-4 
Pb 53-6 53-7 53-5 53-7 53-6 53-6 53-6 
Sn 36-4 36-3 36-1 36-3 36-1 
Pb 63-6 63-7 63-9 63-7 63-9 
Sn 50-7 49-8 50-0 50-2 50-5 


Pb 49-3 50-2 50-0 49-8 49-5 
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It is seen that in the three cases the agreement is fair. A deter- 
mination by the new method which includes the time taken to 
weigh the solder may be made in 15 minutes. We usually weighed 
out about 0-2 g. and this required about 60 c.c. of N/10-perman- 
ganate. As is to be expected from its position in the potential series, 
tin in the solder oxidises the permanganate before lead. ‘This is 
inferred because the discoloured solution is at first clear. Later 
the white precipitate of lead sulphate makes its appearance. ‘The 
precipitate does not obscure the end-point. | 

Modification of E. F. Smith’s Method of Determining Metals 
with a Mercury Cathode-—The following metals have been found 
by Smith and others to be rapidly and quantitatively precipitated 
from solution with the use of a rotating anode and a mercury 
cathode: bismuth, cadmium, chromium, cobalt, copper, gold, 
iron, lead, manganese, mercury, nickel, silver, tin, and zine (H. F. 
Smith, “‘ Electroanalysis,’ 6th edition, 1919). These metals are 
determined by Smith’s method as the difference in the weight of 
pure mercury before electrolysis and that of the amalgam after. 
With our method neither the pure mercury nor the amalgam need 
be weighed, so that the errors involved, especially in the second 
of these weighings, are avoided. On the other hand, the error of 
determination is greater with our method (about 0-5%) than with 
Smith’s method when properly carried out (0-1 to 0-2%). More- 
over, our method is confined to the determination of bismuth, 
cadmium, copper, iron, lead, manganese, tin, and zinc. The other 
metals named above, except chromium and cobalt, cannot be 
determined because they are more electronegative than mercury. 
Chromium cannot be determined by our method because instead | 
of forming chromium sulphate, as is to be expected, in presence of 
an oxidising agent, it leaves the mercury in a finely divided state 
and becomes oxidised to chromous oxide. The case of cobalt has 
already been considered. 


Rapid Method of Purifying Mercury. 


A rapid method of purifying mercury from other metals may be 
founded on the quantitative determinations described above and 
is indeed obvious. It cannot be used for removing nickel or metals 
more electronegative than mercury, and cobalt presents some 
difficulty. The remaining metals more electropositive than mercury, 
even when in the passive state, may be removed quickly, completely, 
and without any loss of mercury. 

If the amalgam is a concentrated one, it should be pressed twice 
through chamois leather to withdraw the whole of the metals in 
the solid phase. This lowers the concentrations of cadmium, 
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indium, thallium, lead, zinc, and tin to approximately 3, 2, 2, 1, 1, 
and 0-5%, respectively, and leaves those of copper and iron less 
than 0-003°% (Richards and Wilson, Z. physikal. Chem., 1910, 56, 
729; Richards and Garrod Thomas, ibid., p. 758). The amalgam 
may then be placed in a stout reagent bottle and shaken vigorously 
with a mixture of equal volumes of 9 -sulphuric acid and saturated 
aqueous solution of potassium permanganate till it becomes dis- 
coloured. More of the oxidising solution is then added and the 
shaking continued till bubbles of mercury appear on the surface. 
The amalgam is then washed from impurities by a stream of water, 
and the removal of the last traces of the impure metal completed 
by shaking with N/10-permanganate acidified with 2N-sulphuric 
acid till the end-point, at which the mercury when shaken becomes 
a mass of small bubbles, is reached. The mercury should then be 
again washed by a stream of running water, shaken with 2 -sulph- 
uric acid to destroy the bubbles, and pressed through chamois 
leather. 

If N/10-potassium permanganate in sulphuric acid solution be 
usec instead of the more concentrated solution the rate at which 
the metallic impurities are removed is slower. For small con- 
centrations of impurities, however, this rate is not unduly slow 
(the removal of 0-2 g. of zinc, for example, would require about 
2 minutes’ shaking), and whenever the reduced solution is intended 
to be subsequently analysed this rate is recommended because it 
ensures that the end-point is not over-stepped. When the amalgam 
is shaken with a concentrated solution of ferric sulphate in sulphuric 
acid or with a mixture of this solution with permanganate, the rate 
at which the impurities are removed is very greatly increased. This 
is due to the observed fact that ferric sulphate is reduced much 
more rapidly than permanganate, and the greater the concen- 

tration of the ferric sulphate the more rapid is the reduction. 
Ferric sulphate thus catalyses the reduction of potassium per- 
manganate and other oxidising solutions by amalgams because the 
former after reduction to ferrous sulphate reacts almost instant- 
aneously with the latter and the ferric sulphate regenerated is then 
reduced by more of the metal of the amalgam. Using a normal 
solution of ferric sulphate in 2N-sulphuric acid, we were able, by 
vigorous shaking, to remove 1 g. of lead from 200 g. of amalgam 
in 10 seconds, and 7 g. of zinc in 4 minute. With a concentrated 
solution of permanganate in 6N-sulphuric acid and 20 c.c. of NV /10- 
ferric sulphate we removed completely, by shaking in a large 
reagent bottle, 14 g. of a mixture of zinc, cadmium, tin, lead, solder, 
and bismuth from 480 g. of pure mercury, to which it had been 
added, without the loss of any mercury except a little removed 


; 
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mechanically in washing. This fact is of interest because in the 
literature on the purification of mercury it is stated that when an 
amalgam is passed through, or shaken with, the oxidising solutions 
in general use, either the mercury is not completely freed from the 
more electropositive metals or, if it is, a considerable proportion 
of mercury accompanies the other metals into solution (Harries, 
Z. angew. Chem., 1921, 34, 359; Harries and Evers, zbid., p. 541; 
Hulett and Manchin Physical Rev., 1905, 21, 396). 


Summary. 


1. The order in which metals are removed from mercury by 
oxidising solutions has been determined, and is given but not 
discussed. 

2. The reducing efficiency of amalgams of zinc, cadmium, tin, 
lead, copper, iron, and bismuth has been determined in solutions 
of ferric sulphate, potassium permanganate, and uranyl sulphate 
containing dilute sulphuric acid. The results are interpreted in 
terms of the hydrogen over-voltages of these metals. 

3. The results are applied to rapid, approximate methods of 
determining (a) the solubilities of metals in mercury, (b) tin and 
lead in solder, (c) metals deposited by electrolysis with a rotating 
anode and a mercury cathode. 

4. A rapid method of purifying mercury from more electro- 
positive metals by shaking the amalgam with an oxidising agent is 
described. It removes such metals completely without necessarily 
the loss of mercury. The rate at which this purification is done 
may be regulated. 


We wish to thank the Government Grant Committee of the 
Royal Society for providing us with the materials employed in 
this work. 


Dr. LEE’s LABORATORY, 
Curist CHURCH, OXFORD. [ Received, July 10th, 1925.] 


CCCII.—The Alcoholysis of Trinitroanisole and 
Trinitrophenetole. 
By Oscar L. Brapy and Harotp V. Horton. 


In connexion with other investigations it had been found that when — 
2:4: 6-trinitro-m-tolyl methyl ether was crystallised from alcohol, 
partial conversion into the corresponding ethyl ether occurred — 
and that when 3: 5-dinitro-o-tolyl methyl ether was heated with 
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alcohol in the presence ©f alkali a similar change took place. The 

behaviour of 2:4: 6-trinitroanisole and trinitrophenetole has 
now been investigated. Meisenheimer (Annalen, 1902, 323, 205) 
has shown that the same compound is obtained by the action of 
sodium ethoxide on trinitroanisole and of sodium methoxide on 
trinitrophenetole and that this compound on decomposition with 
acids gives a mixture of trinitroanisole and trinitrophenetole; he 
proposed the following mechanism : 


MeO OEt 
ee a tag OEt 
a oN a € rae: 
BOs INO; N wick! NO;/ VNOz Sho Oy NO; 


ne A 


NO,Na 

Similarly, Loving, Jackson, and Boos (Amer. Chem. J., 1898, 
20, 444) found that when the compound obtained by the action of 
sodium methoxide on trinitroanisole was crystallised from ethyl 
alcohol, substitution of ethyl for methyl took place. Purdie and 
Marshall (J., 1888, 53, 391) observed that a change of groups 
occurred between esters of carboxylic acids and alcohol in the presence 
of a small amount of sodium. The conversion can, in some cases, 
be carried out without the addition of sodium (Shimomura and 
Cohen, J., 1922, 121, 883, 2051; see also Cohn, Monatsh., 1900, 
21, 200; Lapworth and Havin, J., 1902, 81, 1501). 

When 2:4: 6-trinitroanisole (m. p. 68°) is crystallised from 
ethyl alcohol, a mixture, m. p. 58°, of trinitroanisole and trinitro- 
phenetole separates, whilst trinitrophenetole crystallised from 
‘methyl alcohol gives a mixture, m. p. 52°. These observations 
probably account for the different values given for the melting 
‘point of trinitroanisole, namely, 48° to 64°. We have found that 
trinitroanisole, crystallised from dry methyl alcohol, melts in a 
capillary tube at 68° and freezes in bulk at 67-0°. For the purpose 
of analysis the binary fusion diagram of trinitroanisole and trinitro- 
phenetole has been constructed (Fig. 1). 

The two substances apparently form an unstable addition com- 
pound consisting of 3 mols. of trinitroanisole and 2 mols. of trinitro- 
phenetole, corresponding with 58-7°% of trinitroanisole. This 
compound does not separate readily and it is possible to prolong 
the left and right branches of the curve for some distance into the 
Metastable region; in taking the time-—cooling curve of a mixture 
containing 60% of trinitroanisole, trinitrophenetole separates at 
38-0°, the temperature remains constant for some time and then 
‘Tises to 41:0°, when the additive compound separates. 

g 
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When a mixture of trinitroanisole (1 mol.) and absolute alcohol 
(10 mols.) was evaporated in an air-oven, and the residue dried at 
100°, irregular results were obtained, the product having a freezing 
point of from 38-4° to 42:3°; it was found that picric acid had been 
formed owing to absorption of water by the alcohol during working. 
An apparatus was therefore designed in which the alcohol was 
distilled from calcium oxide directly on to the trinitroanisole in the 
vessel in which the freezing point was ultimately to be determined, 
the whole apparatus being filled with dry air; the mixture was then 
heated in an oil-bath, finally to 150°, a current of dry air being passed 
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over it to remove alcohol vapour. Since two layers formed as the 
alcohol evaporated, the mixture was stirred continuously. By this 
means it was found that in mixtures of alcohol and trinitroanisole 
in the molecular proportions of 11 to 1 and 16 to 1 conversion 
occurred to the extent of 16% and 22% respectively; with Jarger 
amounts of alcohol, the results were irregular, but even with 68 mols. 
not more than 35% of the trinitroanisole was converted into 
trinitrophenetole. 


EXPERIMENTAL. 


Preparation of Materials. —2 : 4 : 6-Trinitroanisole was prepared by 
twomethods. 2:4-Dinitroanisole, prepared by the action of sodium : 
methoxide in methyl alcohol on 2: 4-dinitrochlorobenzene, was 
nitrated by Holleman’s method (Rec. trav. chim., 1903, 22, 263), the 
nitrating mixture being heated for 3 hours at 100° and the product 
crystallised from methylalcoho]. Picryl chloride was treated in boil- | 
ing methyl alcohol with sodium methoxide (1 equiv.) in the same 
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solvent, a fresh addition not being made until the colour produced by 
the last had almost faded. When all the sodium methoxide had been 
added, the mixture was diluted somewhat with water; the trinitro- 
anisole that separated on cooling was crystallised twice from dry 
methyl alcohol and thus obtained pure (m. p. 68°). 

Attempts to nitrate 2:4-dinitrophenetole to trinitrophenetole 
under various conditions were unsuccessful, hydrolysis occurring 
and picric acid being the only product isolated. Trinitrophenetole 
was therefore prepared from picryl chloride by the action of sodium 
ethoxide in a similar way to trinitroanisole (Austen, Ber., 1875, 
8, 666). After experiments with thionyl chloride had proved 
unsuccessful, picryl chloride was prepared by a modification of 
Pisani’s method (Annalen, 1854, 92, 326). Picric acid (50 g.; 
larger quantities cannot safely be employed) was mixed with 
phosphorus pentachloride (100 g.) and heated under reflux on the 
water-bath. After the violent reaction had subsided, the product 
was poured into water and rapidly collected. After air-drying, 
the crude material was purified in lots of 20 g. by heating at 100° 
for some time with a mixture of one part of nitric acid (d 1-4) and 
four parts of sulphuric acid (d 1-8), cooling, pouring into water, 
and crystallising from a mixture of benzene and alcohol (1:3). The 
yield of pure product was about 50% of that calculated. 

_ The freezing points of mixtures of trinitroanisole and trinitro- 
phenetole were determined from time-—cooling curves; the results 
are in Table I. 
TaBieE I. 
ee hoa os 0 10 20 30 40 50 55 56 «57-5 


Bae anaes CEE MAR. 77:6° 72:6° 67-9° 62-9° 56-4° 48-1° 43-0° 42-0° 40-1° 
% Trinitroanisole 60 62:5 65 67:5" 370 80 90 100 
Bete ph kate sn snalpies x5 41-0° 40-3° 39-4° 39:2° 41-7° 51-0° 59-3° 67-0° 
: (38-0°) (37-3°) 


The figures in brackets correspond to the first arrest, where the 
trinitroanisole or trinitrophenetole first separated and crystallisation 
of the compound followed. 


In conclusion, one of us (H. V. H.) wishes to thank the Depart- 
ment of Scientific and Industrial Research for a grant which has 
enabled him to take part in this work. 


THe Ratexu Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, July 21st, 1925.] 
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CCCIII.—The Supposed Formaiion of 1:2:4-Oxadi- 
imine Rings from Nitroso-compounds and M ethylene- 
arylamines. 


By GrorcE Norman Burxkyarpt, ARTHUR LAPWoRTH, and 
Epwin Brew Rosrnson. 


INGOLD prepared a number of compounds by the action of nitroso- 
benzenes on methyleneanilines (J., 1924, 125, 93 et seq.). He 


ascribed to the products a ring structure, ArN<CG2> Nar’, and. 


asserted that the facts were totally contrary to “the hypothesis 
by means of which so many obscure facts in chemistry are now- 
adays ‘explained’ ”’ (loc. cit., p. 93). 

He subsequently discovered that his products were not ring 
compounds at all, but N-hydroxyamidines. In a paper with 
Farrow (J., 1924, 125, 2543), he maintained, nevertheless, that 
cycloids are formed in the first instance and that these cycloids 
isomerise to hydroxyamidines at the moment of their formation 
(loc. cit., p. 2545) : 


CH, :NAr CH CH, N Ar’ 
Gnae} <>) BINS “ge Nar ae { O:NAr 


ArN(OH):-CH-NAr’ 

The proof given was that “the substances obtained in the two 
ways shown by the equation above are, in each case, identical with 
one of the pair of isomerides prepared by Comstock and Clapp’s 
reaction.” 

Only one such case, however, was described, namely, that where 
Ar = C,H,Br(p) and Ar’ = C,H,Cl(p) (Ingold, loc. cit., p. 101), an 
unsatisfactory pair in view of the close chemical relationship and 
likely isomorphism of their derivatives. 

Farrow and Ingold also referred to the case where Ar = C,H, 
and Ar’ = C,H,°CH,(p); but here the product was made in only > 
one of the ways indicated in the above scheme, namely, from 
CH,:-N-C,H,°CH,(p) and O-N-C,H,. It is most significant that the 
product was identified with N(C,H,°CH,)-CH-N(C,H;)-OH, which 
on alkaline hydrolysis gave azoxybenzene with no trace of azoxy- 
toluene (loc. cit., p. 2551—2552) and p-toluidine. Here, be it 
noted, the aromatic radical in the original mntroso-compound 
reappears in attachment to oxidised nitrogen and the other, originally 
as methyleneamine, as pure amine with wnoxidised nitrogen. 

Returning to the crucial case where Ar=C,H,Br and 
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_ Ar’ = ©,H,Cl: a product A, made from chloronitrosobenzene 


and methylenebromoaniline, was identified with another, B, made 

from bromonitrosobenzene and methylene-p-chloroaniline (Ingold, 

loc. cit.), and both with a third product, C, which was made in 

quite a different way and certainly had the structure 
C,H,Cl-N(OH)-CH:N-C,H,Br. 

The last-mentioned gave pure p- Pjipeicuaitay when hydrolysed by — 

alkali (Farrow and Ingold, loc. cit., 2551, 2552). 

The present authors had good aiearewen reasons for thinking 
it unlikely that such a ring would be formed at all in the addition 
process, and still more unlikely that such a ring, once formed, 
would break down exclusively in one direction. They therefore 
took up the re-examination of the product obtained by Ingold’s 
method from p-chloromethyleneaniline and p-bromonitrosobenzene, 
Observing that, even after recrystallisation from benzene, the 
product was not very well defined, and remembering that it might 
be isomorphous with its isomeride (from which it differs only in 
the interchange of place of chlorine and bromine), they decided to 
hydrolyse it with aqueous-alcoholic sodium hydroxide in the general 
way described by Farrow and Ingold (loc. cit., pp. 2547, 2548) and 
to examine the substituted aniline so formed. The resulting base 
solidified at once; even before recrystallisation it melted 67—69°, 
and after one crystallisation from light petroleum at 68-5—69°. 
(A sample of pure p-chloroaniline obtained from British Drug 


Houses Limited melted after similar treatment at 69:5—70°; and 
a sample of pure p-bromoaniline after similar treatment at 


62—62-5°.) 

We are indebted to Dr. E. Chapman, who has had much experience 
in the determination of halogen by Robertson’s method, for an 
analysis of the base. 0-1068 Gram of the compound gave halogen 


equivalent to 8-23 c.c. of N/10-AgNO,. Formula C,H,NCl requires 


8-37 c.c. and C,H,NBr requires 6-21 c.c. 

It is thus clear that the base was mainly p-chloroaniline; the 
authors thought they detected a very small quantity of bromine 
in a careful qualitative test, but this would not be very surprising, 
as some reduction of the bromoazo-compounds during the original 


_ hydrolysis seemed quite, possible. 


It is evident that a compound which yields mainly p-chloro- 
aniline cannot possibly be identical with one which, as Farrow and 
Ingold stated, yields p-bromoaniline with no trace of p-chloro- 


aniline. That such a mistake could ever have been made is proof 
_ that the evidence on which Ingold relied was not trustworthy and 


it cannot be admitted that there is any good reason to suppose 
that his cycloids are formed at any stage. 
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If Farrow and Ingold are disposed to maintain their original 
view, then the onus of proof rests with them. An obvious and 
acceptable line of proof would be for them to prepare their 
compounds by both the methods in the scheme on p. 2234 and to 
. show that these then give the same products in the same pro- 
portion when hydrolysed. 

In conclusion, the facts, so far as they have yet been fully 
established, are entirely consistent with polarity theories, all 
previous statements to the contrary notwithstanding (inter alia, 
Ingold, J., 1924, 125, 93; Ingold and Weaver, ibid., pp. 1457— 
1459). 


THE UNIVERSITY, MANCHESTER. [Received, June 18th, 1925.] 


CCCIV.—The Properties and Constitution of Coal 
Ulmins. Studies in the Composition of Coal. 


By WILFRID FRaNcIs and RicHARD VERNON WHEELER. 


We have demonstrated (this vol., p. 112) that bituminous coal 
consists essentially of a matrix of insoluble ulmins in which 
morphologically organised plant tissues and natural plant-substances 
devoid of morphological organisation, that have escaped ulmi- 
fication, are dispersed; * thereby confirming conclusions reached 
from other considerations (‘Tideswell and Wheeler, J., 1922, 421, 
2345; 1925, 127, 110). In some bituminous coals the proportion 
of plant entities, chiefly cuticles and spore exines, is as high as 
20% by weight, but in all bituminous coals the ulmins form the 
predominant material. Knowledge of their properties and con- 
stitution is therefore essential to an understanding of the composition 
of coal. We have sought to obtain this knowledge by both syn- 
thetic and analytical means. The present paper deals with the 
results of our analytical studies. 

The chief effect of mild oxidation on bituminous coal is to change 
the matrix of ulmins from a form insoluble in dilute alkalis to a 
soluble form, thereby allowing of their separation from the organised 
plant material associated with them and rendering possible their 
examination by the usual methods of organic analysis. Suitable 


* The matrix is not structureless, as was originally supposed, but close 
examination discloses, even in material selected as being a vitrain, a more or 
less pronounced structure, usually of woody tissue, such as a theoretically 
perfect vitrain should not possess. Such structures cannot, however, be 
separated from the coal mass intact, as can the cuticles and spore-exines, and 
they are ulmified. 
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mild oxidation can be effected by such reagents as hydrogen 
peroxide, or by exposure to air at 150°. 

No fundamental change in the structure of the ulmin molecule is 
made by such a mild oxidation, but the external groupings are 
modified, those most readily detached being eliminated as simple 
oxygenated compounds and their place being taken by carboxylic 
groupings. The internal or nuclear arrangement of the molecule 
of the soluble “ regenerated ”’ ulmin (loc. cit., p. 123) is thus identical 
with that of the insoluble matrix of unoxidised bituminous coal, 
and from a knowledge of the constitution of the former the essential 
structure of the main mass of bituminous coal can be deduced. 

The change from insoluble to soluble ulmins is a gradual one. 
A moderate degree of oxidation will produce sufficient change in 
the external groupings of the ulmin molecule to render the matrix 
of bituminous coal soluble with difficulty in alkalis. As oxidation 
proceeds, more groupings are eliminated and the ulmins become 
more acidic in character and more readily soluble in alkaline or 
neutral solvents. A limiting condition is, however, eventually 
reached when all suitable external groupings have been eliminated. 
(In this connexion, compare Pearson, J. Soc. Chem. Ind., 1923, 
42, 68T.) This stage is reached on oxidation by air at low tem- 
peratures. Further, carefully regulated, oxidation by hydrogen 
peroxide or nitric acid can cause a breakdown of the nuclear struc- 
ture of the ulmin molecule and it is by the identification of any 
simpler compounds resulting from such a breakdown that the 
character of the nucleus of the complicated ulmin molecule can be 
revealed. 

The Properties of Regenerated Ulmins.—Because the changes 
produced in bituminous coal by mild oxidation are gradual, the 
soluble ulmins produced are not homogeneous. They can be 
separated into a number of fractions by means of different solvents ; 
but all the fractions are compounds of the same type and differ 
but slightly one from another in their analysis. We have not con- 
sidered it necessary to effect a separation of them for the major 
portion of the work described in this paper. 

The carboxyl groups produced by oxidation give to the soluble 
ulmins a definite acidic character allowing of salt formation. 
Amongst the insoluble salts that we have prepared are those of 
barium, iron, silver and copper. From the last-named an average 
value of 170 for the equivalent of the ulmins has been obtained, a 
figure which should be compared with that given by Sven Odén, 
namely, 350, for soil ulmins (Proc. Faraday Soc., 1921). No con- 
Yenient method is at present available for determining the molecular 
Weight (if the colloidal character of the substances admits of such 


id 
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a determination), but from the value of the equivalent an expres- 
sion can be given of the contents of such determinable groupings 
as hydroxyl and carboxyl, and of nitrogen. The presence of 
_ hydroxyl groups has been proved by acetylation and benzoylation 
and by Grignard’s reaction. By hydrolysis of the acetyl derivatives 
the percentage of hydroxyl groups in the “‘ regenerated ”’ ulmins as 
an average has been found to be 2-5, or one hydroxyl group for 


each molecular unit of 680. Such a unit would contain four 


carboxyl groups, a supposition confirmed by a quantitative estim- 
ation of the methane evolved from the dry ulmin on treatment 
under suitable conditions, with Grignard’s reagent. 

It is significant that as the oxidation of coal proceeds, with the 
gradual formation of soluble ulmins, the nitrogen-content increases 
up to the point at which the whole of the coal matrix becomes 
soluble. Moreover, all the slightly modified types of regenerated 
ulmins that can be separated by means of organic solvents contain 
nitrogen in the same proportion. ‘This element must therefore be 
an essential constituent of the nucleus of the ulmin molecule.* 
The percentage of nitrogen found, 2-20—2-25, would indicate the 
presence of one nitrogen atom in the molecular unit suggested. 

The presence of nitrogen as an essential constituent of the 
molecule renders it necessary to take account of this element in 
any theory regarding the origin of the coal-ulmins and lends par- 
ticular interest to the reaction between amino-acids and sugars 
discovered by Maillard (Ann. Chim. Phys., 1916, 5, 258; 1917, 7, 
113) which results in the formation of ulmins. In the coal-forming 
process, from plant debris, the sugars may be derived from the 
celluloses of the cell-walls by enzyme or bacterial action and 


the amino-acids from the polypeptides in the protein matter of the 


cell contents. These reactions, whereby it is conceivable that the 
matrix of coal can be synthesised, are being studied by Mr. T. A. 
Buckley. 

Some information as to the character of the external groupings 
of the molecule of the regenerated ulmin is given by the results 
of regulated destructive distillation. On heating the ulmins in 
the manner described in the experimental portion of this paper, 
gas began to be evolved in small quantity at 160—170°. This gas 


consisted of the oxides of carbon in ratio CO,/CO of 12:1. This — 


ratio increased up to 300° and then rapidly decreased. Measurable 


quantities of hydrogen and saturated hydrocarbons were not 


evolved until about 450°. Water accompanied the oxides of 
carbon at the lower temperatures of distillation, but no other 


* A similar conclusion is to be drawn from the experiments of Monkhouse 
and Cobb (Trans. Inst. Gas. Eng., 1922) on the action of steam on coke. 
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liquid made its appearance until 550°, when a slight trace of oil 
could be detected. These results correspond in general character 
with those obtained with the peat ulmin, dopplerite (Tideswell and 
Wheeler, J., 1922, 121, 2345). The striking similarity of the 
curves relating the evolution of gases with temperature (Fig. 1), 
obtained with ulmins prepared from a vitrain and a durain respec- 
tively, confirms the deductions previously made (loc. cit.) that the 
matrix of a durain is essentially the same as that of a vitrain (or a 
clarain), differing from it only as regards the character of the less 
important external groupings of the molecules. 


GASES EVOLVED C.C. PER GRAM. 


50 150 250 350 450 550° 


Destructive distillation of regenerated ulmins. or each gas the upper curve 
relates to a vitrain ulmin and the lower to a durain ulmin, 


The Constitution of the Regenerated Ulmins.—By breaking down 
_the nucleus of the molecule, by the cautious use of hydrogen per- 
oxide or dilute nitric acid, simpler compounds can be obtained, the 

identification of which gives information as to the groupings within 
the nucleus. A number of such compounds have been identified. 
_ The extreme action of hydrogen peroxide on the regenerated 
ulmins results in the formation of water and the oxides of carbon, 
the nitrogen appearing quantitatively as ammonia. Intermediate 
action yields aliphatic dibasic acids, of which oxalic and succinic 
have been isolated in pure crystalline form, together with a number 
of acids having all the properties of benzene polycarboxylic acids. 


Wy 
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The isolation and identification of all these acids can, however, 
more readily be effected by the use of dilute nitric acid, which 
yields water-soluble products, amounting to about 25% of the 
regenerated ulmin, consisting of aliphatic dibasic acids, aromatic 
acids and nitrophenols. The products so far isolated and identified 
are oxalic, succinic, picric and pyromellitic acid (benzene-1 : 2 : 4: 5- 
tetracarboxylic acid), whilst there is evidence of the presence of 
trimellitic acid, (Fischer and Schrader, Brennstoff-Chem., 1921, 2, 
213, obtained traces of aromatic carboxylic acids by the pressure 
oxidation of a bituminous coal at 200—250°.) 

The identification of picric and pyromellitic acids proves beyond 
question the presence of benzenoid rings in the nucleus of the 
regenerated ulmin molecules, and hence in the matrix of bituminous 
coal, for no part of our treatment of the coal has been such as to 
cause ring formation where none previously existed. Since such 
aliphatic acids as oxalic and succinic have also been obtained, 
whilst the nitrogen is clearly present in stable ring formation, it 
can be concluded that the nuclei of the ulmin molecules—which 
form the bulk of all bituminous coals—consist of compact systems 
of benzenoid groupings connected together by heterocyclic ring 
structures, such as pyrrole and furan or their derivatives. 


EXPERIMENTAL. 


Preparation of Regenerated Ulmins from Bituminous Coal.—A 
vitrain was usually employed so as to avoid the complications 
introduced by the presence of plant debris and to obtain the maxi- 
mum yield of ulmins. The vitrain was finely ground and added to 
three times its weight of 100 vol. hydrogen peroxide. After a 
few minutes the mixture began to rise in temperature and the 
reaction tended to become violent. To moderate it, cold distilled 
water was added. The mixture was then heated at about 90° 
during several hours. The soluble ulmins thus formed were 
extracted with dilute sodium hydroxide solution and the residue 
was re-treated with hydrogen peroxide, the processes being repented : 
until no residue remained. 

As thus prepared, soluble ulmins from the vitrain of East Kirkby, 
coal contained C 68-8 and H 3-9%. Successive treatments of this 
material with hydrogen peroxide caused a reduction in the carbon. 
and hydrogen contents until a limiting composition C 62-5 and 
H 2-8°% was reached, similar figures being obtained with all the | 
coals examined (whether vitrains, clarains, or durains). In obtain- | 
ing this limiting composition, however, some destruction of the 
ulmins occurred and, since for subsequent examination a large yield | 
rather than a homogeneous material was required, the i | 


a, Sl agate ate 
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procedure was to check the ariaation: as soon as solubility was 
attained. 

Solubility of the Regenerated Ulmins——The non-homogeneous 
ulmins so obtained were fractionated by means of solvents and each 
fraction was examined separately. The solvents used, at their 
respective boiling points, were : Chloroform, ethyl alcohol, acetone, 
methyl ethyl ketone, pyridine, pentane, light petroleum, benzene, 
ether, and carbon disulphide. Only the first five of these had any 
marked solvent action. In Table I the percentage amounts 
extracted by each solvent, in the order named, from a number of 
samples of regenerated ulmins are recorded. 


TABLE I. 


Solubility of Regenerated Ulmins. 


Source of Regenerated Ulmin. 


East Kirkby East Kirkby vitrain 
vitrain. . a-compounds.* 
——— East ——_————-. 
Sample Sample Kirkby Sample Sample Hamstead 
Solvent. A. B. durain. A. B. vitrain. 
Chloroform ...... 0-4 0-4 0-3 0-4 
Mlcohol ...i.c.d6550s 7:2 2-2+ 7:5 6°4 40-2 28-0 
Acetone ......++. 3-8 12<2+ 4-5 5-4 9-0 5-0 
Me Et ketone ... — 4-3 — — — at 
Pyridine ......... 33-0 42-0 38:5 36-0 23-0 19-5 


* The term a-compounds refers to that portion of the coal that was 
insoluble in pyridine. 
+ Order of extraction reversed. 


All the ulmins, except sample B from the East Kirkby vitrain 
«-compounds and the sample from the Hamstead vitrain, were 
obtained as soon as the treatment with hydrogen peroxide rendered 
the coals soluble in alkalis. The two exceptions were subjected 
to more prolonged oxidation. Analyses of many of these fractions 
are given in Table II. 


TaBLeE II. 
Analyses of Fractionated Ulmins. Per cent. on ash-free dry material. 
Oxygen and 
Fraction. nitrogen (by 
Ulmins prepared from : Carbon. Hydrogen. difference). 
East Kirkby vitrain, alcohol-sol. 64-4 5-1 30-5 
» a acetone-sol. 66-6 4-9 28-5 
” is pyridine-sol. 68-3 4-5 27-2 
” ” a-compounds 65-5 4:8 29:7 
alcohol-sol. 
” % a-compounds 65-6 4-6 29-8 
acetone-sol. 
Hamstead vitrain, alcohol-sol. 63-8 4-1 32:1 
” ” pyridine-sol. 65:5 3°7 30-8 
_ VOL. CXXVII. 4¥ 
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It will be seen that the compounds were all of the same type, ’ 
the different degrees of solubility being caused presumably by. 
slight modifications in the external groupings of the molecules. — 
The amount extracted by each solvent depended upon the order © 
of extraction and each fraction was to some extent soluble in the 
other solvents. In general it was found that’ the further oxidation 
with hydrogen peroxide had been carried the more soluble in such 
neutral solvents as alcohol and acetone were the products. 

The Preparation of Salts and Determination of the Hquivalent.— 
Well-defined salts of barium, calcium, silver and copper were 
formed by the addition of a soluble salt of the metal to an ammo- 
niacal solution of the ulmin. The copper salt was used to determine 
the equivalent. For its preparation, excess of a boiling ammoniacal 
solution of copper hydroxide was added to the boiling ulmin solu- 
tion, the mixture well stirred and allowed to cool. ‘The precipitate, 
which formed readily, was washed several times by decantation, 
filtered off and washed free from copper hydroxide with dilute 
ammonia and finally with distilled water. The equivalent was 
calculated from the analysis of the dried salt and found to be: 
East Kirkby vitrain ulmin, 171; East Kirkby vitrain ulmin, fraction 
insoluble in pyridine, 164; East Kirkby vitrain «-compound ulmin, 
165. 

Examination for Hydroxyl and Carboxyl Growps——The presence 
of these groups in the regenerated ulmins was proved by the 
formation of an acetyl derivative, using acetic anhydride and 
sodium acetate, and by the formation of a benzoyl derivative, 
using benzoyl chloride in pyridine solution. The acetyl derivative 
was used to estimate the content of hydroxyl by determining the 
amount of acetic acid liberated on hydrolysis and steam distillation _ 
with benzenesulphonic acid. The ulmin from Hamstead vitrain 
was found to contain hydroxyl equivalent to 2:6%; and that 
from the East Kirkby vitrain 2-4%. ; 

Estimation of the total hydroxyl, including that in carboxyl q 
groupings, was made by the use of Grignard’s reaction, 13-4% being | 
found; whence the number of carboxyl groups is four times that | 
of free hydroxyl groups. As was to be anticipated, methoxyl | 
groups were not present. | a 

Nitrogen Content—During the production of regenerated ulmins _ 
by atmospheric oxidation there was a gradual increase in the | 
nitrogen content of all the coals examined until a proportion of | 
2:25°% was reached. This figure was confirmed on analysis of the 
ulmins produced by the action of hydrogen peroxide. From — 
whichever coal they were formed, and whichever solvent fraction 
was taken, the nitrogen content was about 2:25%. From this it 


-_ 
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appears that most of the nitrogen of the ulmins (and of coal) resides 
in the nuclear groupings, which mild oxidation does not attack. 
Moreover, since there must be at least one nitrogen atom per 
molecule, it follows that the average molecular weight of the 
regenerated ulmin is not less than about 680. Suitable tests showed 
that the nitrogen was present in limited amount (not more than 
about 0-2%) as -NH, and —-N-CH;, but the greater proportion was 
inert, suggesting that its chief mode of occurrence is in a closed 
ring compound. On the complete breakdown of such a ring, by 
the extreme action of hydrogen peroxide, the nitrogen is evolved 
quantitatively as ammonia. 

Destructive Distillation—One gram of the regenerated ulmins 
prepared from the East Kirkby vitrain and durain respectively 
was destructively distilled in a horizontal glass tube attached to a 
Sprengel mercury pump. The temperature was raised by stages 
of 50°, each temperature being maintained constant during 24 hours 
or until all gas had ceased to be evolved. The results of examin- 
ation of the gaseous products are recorded in Tables III and IV. 

Explosion analysis in each instance showed the paraffin hydro- 
carbon present to be methane only. 

In Fig. 1 the volumes of the principal gases evolved per gram of 
material are plotted against temperatures of decomposition. These 
curves should be compared with that obtained by Tideswell and 
Wheeler (loc. cit.) on the destructive distillation of the peat ulmin, 
dopplerite. 

Oxidation of Regenerated Ulmins.—The action of hydrogen per- 
oxide on the regenerated ulmins was in some instances continued 
with the intention of breaking down the nucleus of the large ulmin- 
molecule, so as to obtain compounds of smaller molecular weight 
from which the internal structure of the ulmins could be deduced. 
The intense action of hydrogen peroxide was difficult to regulate, 
resulting most often in the production of water, ammonia and the 
oxides of carbon, many compounds, the isolation of which would 
have been of value, having only a transient existence. Never- 
theless, good yields of oxalic and succinic acids were obtained and 
separated by fractional crystallisation. Other crystalline products, 
apparently polybasic acids, await identification. In addition, small 
quantities of acids have been obtained having all the properties of 
benzene polycarboxylic acids. 

_ Amore satisfactory reagent with which to effect the breakdown of 
the regenerated ulmin molecule, since its action could more readily 
be controlled, was found to be 30% nitric acid. The reaction was 
carried out in a flask with reflux condenser, at first without external 
heat and later by boiling during 12 hours. The soluble products 
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were then distilled in steam, the distillate containing acetic acid, 
The residue was heated on a water-bath to remove the last traces 
of nitric acid, the product thus obtained being a pale yellow, spongy 
mass, completely soluble in ether and amounting to about 25% of 
the original ulmin. By benzene extraction, picric acid, 3°4 on the 
original ulmin, was obtained, its identification being effected by 
the method of mixed melting points and by the preparation of a 
naphthalene derivative, m. p. 149°. 

By means of their lead, silver and barium salts the remainder of 
the soluble products of the action of nitric acid on regenerated ulmins 
were separated. Oxalic acid was obtained in pure crystalline form, 
whilst other products; nearly pure but difficult to crystallise, were 
benzene tri- and tetra-carboxylic acid. Symmetrical benzene- 
tetracarboxylic acid (m. p. 264°, with decomposition) has been 
isolated in a pure form by slow crystallisation from acetic acid, 
and its methyl ester, m. p. 138°, formed. The tricarboxylic acid 
appears to be trimellitic acid, but it has not yet been obtained in 
sufficiently pure crystalline form to identify. 

The presence of picric acid and these benzene polycarboxylic 

acids in the products, whilst proving the existence of aromatic 
nuclei in coal, does not necessarily confirm the theory of Fischer 
and Schrader (Brenn. Chem., 1922, 3, 161) as to the origin of coal 
exclusively from lignin; for Marcusson’s explanation (Ber., 1921, 
54, 542) of the formation of ulmins from sugars through furfural 
as an intermediary equally allows of there being benzene nuclei in 
the products, the condensation of the furfural derivative to a 
peridifuran compound resulting in a substance containing both 
turan and six-membered rings. 
_ The work of isolating further compounds resulting from the 
breakdown of regenerated ulmins from bituminous coal is being 
continued. Our thanks are due to the Safety in Mines Research 
Board for permission to publish these results. 


_ Sarery min Mryzes ResearcH Boarp LABORATORIES, 
f SHEFFIELD. [Received, July 25th, 1925.] 


OCCV.—The Coagulation of a Colloidal Solution by 
Hydrogen fons. 


By Auan B. WEIR. 


INVESTIGATIONS have been recently carried out in America into 
one of the chief problems met with in the study of the precipitation 
‘of suspensions, emulsions, and colloidal solutions by electrolytes ; 


j 
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namely, whether the active agent is the ion carrying a charge of 
sign opposite to that of the colloid particles, or whether there is a 
peptising or stabilising effect due to the other electrolyte ion, the © 
charge of which is of the same sign as that carried by the colloid. 

Tartar and Gailey (J. Amer. Chem. Soc., 1922, 44, 2212) studied 
the precipitation of gamboge and mastic suspensions, in the first 
case by acids. These are negative suspensions, and the active 
agent should therefore be the hydrogen ion. The minimum con- 
centration of acid for complete precipitation of the suspensions — 
was found in the case of five acids: hydrochloric, sulphuric, oxalic, 4 
acetic, and phosphoric. The amounts of acid required differed 
considerably from acid to acid, but the hydrogen-ion concentration 
of the supernatant liquid, 7.e., of the medium from which coagul- 
ation had just taken place was, ‘‘ within the limits of experimental 
error,’ the same in each case. The conclusion drawn from these 
and further experiments described in the same paper was that the © 
““ so-called stabilising effect ’’ of the anion (on negative suspensions) 
could not be detected, and, further, that the irregularities often — 
attributed to this effect were due, even in the case of coagulation — 
by neutral salts, to the important factor of hydrogen-ion con- 
centration. 

Bradfield (J. Amer. Chem. Soc., 1923, 45, 1243), using a clay) 
suspension, confirmed these results for several acids, which pre- 
cipitated at an almost uniform pg of 3-8, but found that citric. 
acid«was consistently abnormal, requiring a py of 3-2. | 
‘The author has therefore investigated the applicability of this 
rule to a true colloidal solution of negative sign, noting whether 
the abnormality of citric acid recurred. 


HX PERIMENTAL. 


The sol chosen was one of Prussian blue, as preliminary work on 
various arsenious sulphide sols showed that they could not be 
completely precipitated either with citric or acetic acid. | 

The sol was prepared by slowly adding 0-4 g. of potassium ferro- 
cyanide, dissolved in 20 c.c. of water, to 0:4 g. of ferric chloride 
in 20 c.c. of water, filtering off the dye, washing, peptising with a 
solution of oxalic acid (16 g. in 300 c.c. of water), and dialysing 
till free from oxalic acid. ‘The sol was then diluted to 700 c.c. 

Procedure.—The precipitation of the sol by four acids, hydro- 
-chloric, sulphuric, acetic, and citric, was examined. The minimum 
concentration of each acid required for complete coagulation of 
the sol was found in the usual manner. Graded amounts of the 
stock acid solutions were placed in test-tubes and accurately diluted — 
to 10 c.c., then 10 ¢.c. of the sol were added, the whole was mixed 


{ 


y 
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by pouring, and kept for 48 hours (for this sol flocculates slowly). 
The amounts of the acids required (per 20 c.c. of mixture) were 
thus found with an accuracy of 0-1 c.c. 

In the case of the four critical concentrations, the supernatant 
liquid, after the dye had been precipitated, was poured off, and 
its hydrogen-ion concentration ascertained by means of a Clark 
hydrogen electrode. For standards, saturated and N/10-calomel 


_ electrodes were used. ‘ 


In order to see whether any pronounced adsorption of the acid 
on the colloid had taken place, identical acid mixtures were simi- 
larly examined in absence of any colloid, ¢.e., with 10 c.c. of water 
substituted in each case for the 10 c.c. of sol used previously. 


Cone. in Dp of medium 
milli-equivs. after Dy of 
Acid. per litre. precipitation. acids alone. 
PAVOrochlaric!, .i,....+.s00s«< 17-1 1-88 1-80 
BTU DULIG 3. claws psnegesemenesns 26-0 1-80 1:73 
aOR PAN d mstts wah boce a, os. 1800 2:27 2-17 
BR aks eu vb i'ek 3 Sais 642 1-9) 1-83 


The results show: 1. An agreement in pg values, in the case 
of three of the acids, which is as good as has yet been attained 


by this method. Such discrepancy as exists the author believes 


to be due to the difficulty of deciding whether ‘“‘ complete pre- 
cipitation ”’ has taken place or not, which might be overcome by 


.the use of some form of colorimeter. 


2. That citric acid appears to behave normally, contrary to what 
was-found by Bradfield. 

3. That some adsorption, either of hydrogen ions or acid mole- 
cules, on the precipitating colloid has taken place (compare third 


and fourth columns). 


4. That acetic acid precipitates at a py distinctly lower than 


that of the other acids. This may be due either to a specific adsorp- 


tion of the anion, or to the action of the undissociated acid molecules 


present at such a relatively high concentration. 


Effect of the Oxalic Anion.—In the usual preparation of Prussian 


_ blue sols the dye is peptised by a solution of oxalic acid. A strong 


specific adsorption of the oxalic ion is inferred. Consequently, 


precipitation of such sols by means of oxalic acid solutions would 


not be expected. The sol already studied was not affected at all 


by concentrations of oxalic acid up to 100 milli-equivs. per litre. 
With the object of investigating the effect of the oxalic ion, a 


Prussian blue sol was prepared without the aid of oxalic acid, 


and its precipitation carried out. The dye was prepared exactly 


-as before, thoroughly washed, and a sol obtained by repeatedly 
‘grinding the solid with water and filtering. The sol was dilute, 


4 


ia 
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but perfectly stable after standing for 3 weeks. Analysis showed 
it to contain 0-072 g. of solid per litre. The stock solutions were 
N-oxalic and 0:11N-hydrochloric acid, and the technique was the 
same as that described above. Precipitation by oxalic acid occurred 
at a high, but quite definite concentration, whereas only a very 
small amount of hydrochloric acid was required. The pg of the 
precipitating medium was observed as before. | 


Cone. in Yu of medium 
Acid. milli-equivs. per litre. after precipitation. 
Hy drochlon Gi es decipwssas sees 1-1 2-63 
CPS Wem vie en taies paneu tices Sis 303 to 404 0-91 to 0-79 


In the case of oxalic acid, precipitation was partial at the lower, 
but compiete at the higher, concentration. ‘The critical concen- 
tration lies between these two values. At a concentration of 202 
milli-equivs. of oxalic acid per litre the sol showed no signs of 
precipitation after several days. 

In view of the peptising effect of this acid, already referred to, the 
possibility of its use as a precipitant is interesting. Once precipitated 
by this acid, the dye could not be peptised by shaking with the 
precipitating mixture, whereas precipitates produced by other acids 
were readily peptised by adding a solution of oxalic acid and shaking. 

In the high concentration and pg, values which oxalic acid 
demands for flocculation of the dilute sol, a strong protective 
adsorption of the anion is indicated. 


My thanks are due to Mr. A. E. Clarence Smith for his advice 
and assistance. 


UNIVERSITY COLLEGE, SOUTHAMPTON. [ Received, July 25th, 1925.] 


CCCVI.—The Constitution of the Thionic Acids. 
By IsraEL VOGEL. 


AuttTHoUGH the problem of the constitution of the thionic acids 
has occupied the attention of many investigators (compare Fordos 
and Gelis, Compt. rend., 1842, 15, 920; Blomstrand, ‘‘ Chemie der 
Jetztzeit,”’ p. 157; Mendeléev, Ber., 1870, 3, 870; Michaelis, 
Annalen, 1873, 4170, 37; Spring, Ber., 1874, 7, 1161; Debus, 
J., 1888, 53, 280; Hertlein, Z. physikal. Chem., 1896, 49, 286; 
Riesenfeld and Feld, Z. anorg. Chem., 1921, 119, 225; Martin and 
Metz, zbid., 1923, 127, 82; Benrath, Z. angew. Chem., 1922, 35, 33; 
Raschig, “‘ Schwefel und Stickstoffstudien,’ 1924, p. 305; Vogel, 
Chem. News, 1924, 128, 325, 343, 361; Vogel, Thesis, 1925, Uni- 
versity of London; the last-named contains a complete review of 
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the literature), it cannot be said that a final or even a satisfactory 
solution has yet been attained. 

In the course of an investigation of sulphur sesquioxide (Vogel 
and Partington, this vol., p. 1514) it became evident that none of 
the formule hitherto proposed could give a rational explanation of 
the experimental facts recorded therein. For example, the gradual 
inerease with time of the relative quantities of tetra- and penta- 
thionates in the products obtained by the interaction of sulphur 
-sesquioxide with water, with sodium ethoxide, and with the blue 
solution obtained by the dissolution of sulphur in 65° oleum, 
respectively, and also the almost exclusive formation of trithionate 
in the reaction between concentrated potassium acetate solution 
and a solution of sulphur sesquioxide in oleum, were some of the 
facts for which an explanation had to be found. In addition to 
these, the liberation of two atoms of sulphur from pentathionates 
by bromine and by mercuric cyanide (Debus, loc. cit.), and by 
mercuric chloride (Sander, Z. angew. Chem., 1916, 29, 11; compare 
Riesenfeld and Feld, loc. cit.), the separation of one atom of sulphur 
from pentathionates on treatment with cold sodium carbonate 
solution (Raschig, op. cit., p. 273), the conversion of tetrathionates 
into pentathionates by acidified sodium thiosulphate solution and 
the formation of dithionates by the action of acid potassium per- 
manganate solution on trithionates (Raschig, op. cit.), the strong 
acidity of the thionic acids and the non-formation of complex-ions 
with mercury or silver salts (Hertlein, loc. cit.), the difference in 
refractivity corresponding to bivalent sulphur between two con- 
secutive thionates, e.g., between K,S,O, and K,8,0,, are some of 
the chief experimental facts the interpretation of which is not 
possible on any one set of formule. 

The following formule, which are in agreement with experiment, 
are proposed for the thionic acids : 


SO,-OH SO,OH — SO,;OH SO,-OH 
S: 

é9,0H  °<so,-0H S8<S 0, -OH Bs S50. -OH 

Dithionic acid. Trithionie acid. Teienthionie acid, Pabuiaiee acid. 


It might be of interest, in view of the controversy as to the 
relative stabilities of the thionic acids (compare Riesenfeld and 
Feld, loc. cit.; Foerster and Hornig, Z. anorg. Chem., 1922, 125, 
86), to point out that according to the above formule the relative 
stabilities should decrease in the order di-, tri-, tetra-, and penta- 
thionic acid. This is in accord with the thermochemical measure- 
_ments of Martin and Metz (ibid., 1923, 127, 83). 


East LONDON COLLEGE, 
UNIVERSITY OF LONDON. [Received, August 5th, 1925.] 
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CCCVII.—meso-Thioanthracene Derivatives. Part II. 
Dianthranyl Disulphide and Dianthranyl Tetra- 
sulphide. 


By Wiiu1amM Hersert Cooks, Istpor Morris HEmsron, and 
GEORGE HucH WALKER. 


THE action of the equivalent amount of sodium hydrosulphide 
(2 mols.) upon 9: 10-dibromoanthracene in amyl-alcoholic solution 
has been shown (Heilbron and Heaton, J., 1923, 123, 173) to give 
rise to a complex series of meso-thioanthracene derivatives, but 
the conditions attending the production of any particular com- 
pound were obscure, as successive precisely similar experiments 
did not invariably lead to the same substances. In continuing this 
investigation, the effect of employing a large excess of sodium 
hydrosulphide (4 mols.) was first studied, as it was hoped thus to 
be able to isolate the disodium salt of the hypothetical 9 : 10-dithiol- 
anthracene (I), which, as previously stated, is to be regarded as 
the initial product. Actually, however, the reaction proceeded in 
a wholly different direction, the product containing 30—40% of 
dianthranyl disulphide (III) (Friedlander and Simon, Ber., 1922, 
55, 3969). 


SH SH H 

C C C 
CoH > CoH, OH > CoH, CoH h >CoHy 
(1) on (I1.) 4h (III.) 4— 


2 


The presence of this compound in such large quantities harmonises © 
well with the view that 9 : 10-dithiolanthracene truly represents the 
first stage in the reactions. Its formation is doubtless the result 
of reduction of the dithiolanthracene to 9-anthranyl mercaptan (II) 
during the course of the reaction, followed by oxidation of the 
latter substance to the disulphide during the working-up process 
(see experimental part). In addition to dianthranyl disulphide a 
-compound containing neither sulphur nor halogen was isolated 
and to this the structure (IV) has been assigned on the grounds © 
that on reduction it yields both anthranol and anthracene. It is 
probably formed from 9-anthranyl mercaptan by hydrolysis and 
iis the oxygen analogue of the dianthranyl sulphide (loc. cit.). 

The effect of employing less than one equivalent of sodium 
hydrosulphide was the production of a large quantity of dithio-— 
heptacyclene (V) (80—90% yield); which is invariably produced 
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in 10% yield when equivalent quantities of sodium hydrosulphide 
and 9: 10-dibromoanthracene are employed (loc. cit. é 
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The effect of sodium sulphide, sodium disulphide, and sodium 
polysulphides upon dibromoanthracene has also been examined. 

Sodium sulphide. When the equivalent quantity of this salt 
was used, the dibromoanthracene ceased to separate from the amyl- 
alcoholic solution after 3 days’ continuous boiling; the products 
were unchanged material and small quantities’ of dianthranyl 
disulphide and anthracene. Even when a considerable excess of 
sodium sulphide was present, very little change was noted on 
simply boiling the reactants under reflux, but on heating in an 
autoclave for 2 hours at 150°, the dibromoanthracene was com- 
pletely converted into dithioheptacyclene. 

Sodium disulphide. On refluxing a solution of the reactants in’ 
amyl or butyl alcohol the dibromoanthracene rapidly disappeared ; 
after 8 hours, the solution was deep red and addition of small 
quantities of water precipitated practically pure dianthranyl 
disulphide (average yield: 60%). When ethyl alcohol was used 


as solvent, dibromoanthracene was recovered even after 3 days’ 


boiling. On the other hand, by heating the reactants with amyl 
alcohol in an autoclave for 4 hours at 200° a yellow, amorphous 
compound (insoluble in all media) was formed to which the con- 
stitution (VI) has been tentatively assigned. Its formation may 
be attributed to a fusion of the anthracene molecules with loss of 
hydrogen bromide in an analogous manner to that leading to 
dithioheptacyclene. 

Sodium polysulphides. On treatment of 9 : 10-dibromoanthracene 
in boiling amyl-alcoholic solution with this mixture of salts, in 
which the tetrasulphide is probably the main constituent, a good 
yield was obtained of the substance to which Heilbron and Heaton 
(loc. cit.) had assigned the dithiodianthrone disulphide structure 
(VII) on the grounds that it was soluble in boiling alcoholic potash, 


(VII.) | So<e qt > CH: Sate alkali 4 | HS: O<GE et >CS: | (VIIL.) 
472 
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supposedly existing in the solution as the potassium salt of the 
tautomeric dithiodianthranol derivative (VIII). Owing to the ease 


with which this substance can now be obtained, it has been possible 


* to make a more detailed examination of its properties. The action 
of boiling alcoholic potash has been confirmed in so far as the 
substance dissolves completely on boiling, forming a blood-red solu- 
tion. Inno case, however, could the original compound be recovered, 


_for on acidification by means either of dilute acetic acid or of 
carbon dioxide in ice-cold solution, hydrogen sulphide was evolved © 


and dianthranyl disulphide produced. It is impossible to reconcile 
the ready formation of the disulphide in this way with the structure 
(VIII), and it would appear that the true constitution of this com- 
pound is that of an organic tetrasulphide the structure of which 
could be expressed by one or other of the following formule : 
CyHo'S*S-C,,H, CygH'S-S-S-C,,H, CyyHy'SS*S:S-Cy,H, 
DP OstEX | Ske) (XI.) 

Holmberg (Annalen, 1907, 359, 81), in a critical review of the 
structure of organic tetrasulphides, comes to the conclusion that 
the straight-chain type is the most probable, and in the case of 
the compound under review, (XI) is wholly in keeping both with 
its method of formation and with its ease of decomposition. Again, 
an attempt to form a methiodide by boiling the dianthranyl tetra- 
sulphide with methyl iodide failed, and this is in agreement with 
the results obtained by Smythe and Foster (J., 1910, 97, 1197) 
in their work on benzyl tetrasulphide. 


EXPERIMENTAL. 


Treatment of 9:10-Dibromoanthracene with Hxcess of Sodium 
Hydrosulphide.-—Dianthranyl disulphide (II1). A solution of sodium 


amyloxide (sodium 9 g., amyl alcohol 1000 c.c.) was saturated — 
with dry hydrogen sulphide with precautions against clogging. _ 
9 : 10-Dibromoanthracene (30 g.) was then added and the mixture 


heated to boiling, the stream of hydrogen sulphide being main- 
tained throughout the whole reaction. The solution became light 
red and then dark brown; after 12 hours, no 9 : 10-dibromoanthra- 
cene separated on cooling. No dithioheptacyclene was thrown out 
of solution, as was invariably the case when the equivalent quantity 
of sodium hydrosulphide was employed (Heilbron and Heaton, 


loc. cit.). The cold amyl-alcoholic solution was shaken with water | 
to remove inorganic salts, and the brown precipitate thereby | 
produced was removed, dried, and repeatedly crystallised from | 
benzene, dianthranyl disulphide being obtained in orange prisms, _ 
m. p. 223°. On treatment with zinc dust and glacial acetic acid, | 
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it was readily reduced to 9-anthranyl mercaptan, m. p. 90° (Fried- 
lander and Simon, loc. cit.) (Found: C, 80-1; H, 4:3; 8S, 15-0. 
Calc., C, 80-4; H, 4:3; 8, 15-3%). In later experiments, it was 
found that the yield of dianthranyl disulphide could be considerably 
increased (40% calculated on the dibromoanthracene) by cutting 
off the current of hydrogen sulphide during the heating process. 
Experiments were carried out substituting 9 : 10-dichloroanthracene 
for the bromo-derivative, potassium for sodium, and butyl alcohol 
for amyl alcohol, but with none of these variations was the yield 
of disulphide so satisfactory. 

Dianthranyl oxide (IV). The amyl-alcoholic mother-liquors from 
the above experiment were dried over anhydrous sodium sulphate 
and concentrated; the yellow substance that slowly separated from 
the cold solution proved extremely troublesome to crystallise, but 
was ultimately obtained in long, straw-coloured needles from 
alcohol, m. p. 213° (Found: C, 90-6; H, 5-0. C,,H,,.O requires 
C, 90-8; H, 4:9%). Dianthranyl oxide was not affected by alkalis 
alone, but on reduction with zinc dust and hot sodium hydroxide 
solution it yielded anthracene (identified as the picrate) and 
anthranol, m. p. 120° (not sharp) (compare Meyer, Annalen, 1910, 
379, 37). Like so many of these derivatives, dianthranyl oxide 
was not invariably obtained in all the experiments carried out 
and it has been impossible to ascertain the exact conditions of 
formation. 

Treatment of 9 : 10-Dibromoanthracene with less than one Equivalent 
of Sodium Hydrosulphide-—When less than 1 equivalent of sodium 
(2 g. Na: 20g. dibromoanthracene) was used under the conditions 
described in the first experiment, dithioheptacyclene began to 
separate after 6 hours; the reaction was completed after 9 hours’ 
boiling. The product was purified as described in Part I (yield 
80—90%). 

Action of Sodium Sulphide—9 :10-Dibromoanthracene (15 g.) 
was added to a solution (300 c.c.) of sodium sulphide (16 g.) pre- 
pared by mixing solutions of equivalent quantities of sodium 
hydrosulphide and sodium amyloxide in amyl alcohol. Very little 
change occurred on heating at 140°, and even after 2 days’ boiling 
the bulk of the dibromoanthracene separated on cooling. The 
mixture was therefore heated in an autoclave at 150° for 2 hours. 
On cooling, dithioheptacyclene separated in almost quantitative 
yield (Found: C, 80-8; H, 3-9; 8, 15-2. Cale., C,; 80-8; H, 3:8; 
§, 15-4%). Using only the equivalent quantity of sodium sulphide 
had very little effect, a small quantity of dianthranyl disulphide, 
together with anthracene and unchanged dibromoanthracene, being 
obtained after 3 days’ boiling. 


; 
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Treatment of 9: 10-Dibromoanthracene with Sodium Disulphide.— 
Dianthranyl disulphide. A solution of sodium amyloxide (300 c.c.) 
containing 6 g. of sodium was converted into sodium sulphide as 
described above, and the theoretical quantity of powdered sulphur 
(4 g.) added. The mixture was gently boiled for 3 hours together 
with dibromoanthracene (15 g.), the colour becoming light red 
and finally dark brown. The solution was filtered from a small 
residue of unchanged 9 : 10-dibromoanthracene, the filtrate distilled 


to remove as much amyl alcohol as possible, and then steam-dis- — 


tilled. The residual light red alkaline solution contained a deep 
brown semi-solid mass which quickly solidified. After six crystal- 
lisations from benzene in presence of animal charcoal, orange crystals 
(m. p. 223°) of dianthranyl disulphide were obtained (weight of 
crude product: 10 g.). 

By employing butyl alcohol (b. p. 116°) in place of amyl alcohol 
and heating for 8 hours, the whole of the dibromoanthracene was 


utilised and a dark red solution resulted from which the dianthranyl — 
disulphide was completely precipitated by treatment with small — 


quantities of water. By adopting this method, resin formation 
was prevented and an average yield of 60% of dianthranyl 
disulphide, calculated on the weight of the dibromoanthracene 
used, resulted (Found: C, 80-3, 80-1; H, 4:5, 4.6; 8, 15-0. Calc., 
CO, 80-4; H, 4:3; 8, 15:3%). 

ms-Dibromodtheptacyclene disulphide (VI) was obtained by heating 
a mixture of 9: 10-dibromoanthracene (15 g.), crystallised sodium 
disulphide (5 g.), and amyl alcohol (1000 c.c.) in the autoclave for 
4 hours at 200°. The yellow, amorphous product was boiled with 
water to remove inorganic matter and again, after drying, with 
xylene to remove unchanged dibromoanthracene. It was insoluble 
in all organic solvents and resisted reduction and the action of 


boiling alcoholic potash (Found: C, 72:5; H, 3-5; 8, 6-7; Br, 


17-4. C;,HogBr,S, requires C, 72-7; H, 3-0; 8, 6-9; Br, 17-49%). 
Dianthranyl Tetrasulphide (X1).—A sodium polysulphide mixture 
was prepared by slowly heating hydrated sodium sulphide 
(Na,S,9H,O; 60 g.) with finely powdered rock sulphur (24 g. 
for 2 hours at a maximum temperature of 150°. The fused orange 
melt was cooled and while still syrupy was added to 9 : 10-dibromo- 
anthracene (40 g.) dissolved in amyl alcohol (700 c.c.); after being 
heated under reflux for 2 days, the solution was deep red. On stand- 
ing over-night or longer, dianthranyl tetrasulphide separated. After 


boiling with water to dissolve inorganic matter, it was crystallised | 
from benzene, separating in yellow spangles, m. p. 190° (Heil- | 
bron and Heaton, loc. cit., give m. p. 194°) (yield: 33%). If the | 


amyl alcohol is impure or if the crude polysulphide is allowed to 
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solidify before addition to the amyl-alcoholic solution, a quantity 
of free sulphur is deposited with the dianthranyl tetrasulphide, 
rendering purification extremely difficult. The identity of this 
compound with Heaton and Heilbron’s dithiodianthrone disulphide 
(VIII) was proved by mixed melting-point determinations and by 
analysis (Found: C, 69-9, 69:9; H, 4:2, 40; S, 26-2. Calc., 
C, 69-7; H, 3-7; 8, 26-5%). 

Dianthranyl tetrasulphide was boiled with alcoholic sodium 
_ hydroxide for 3 hours, and the hot, deep red solution filtered and 
sét aside; dianthranyl disulphide was slowly deposited. A repeat 
experiment was carried out, but in this case the filtrate, which 
- was immersed in powdered ice, was acidified with dilute acetic 
acid; hydrogen sulphide was evolved and a buff-coloured pre- 
cipitate of dianthranyl disulphide separated. That the tetrasulphide 
is decomposed by the alkali to give in the first place 9-anthranyl 
mercaptan was proved by the actual isolation of this compound 
from the reaction mixture in which the heating was suspended 
immediately the dianthranyl tetrasulphide had gone into solution. 
The hot solution was rapidly saturated with carbon dioxide and 
the residue washed with hot water to remove sodium carbonate. 
After drying, it separated from light petroleum in yellow crystals, 
m. p. 90°, which were freely soluble in dilute aqueous sodium 
hydroxide oe readily oxidised by potassium ferricyanide solution 
to the disulphide. 


Tae University, LIVERPOOL. [Received, July 18th, 1925.] 


pbs aLLS. —The Reaction between Sodiwm Hypobromite 
and Carbamide. 


By MaxweEtt Bruce Dona.p. 


_ THE reaction between carbamide and sodium hypobromite may be 
represented as : 3 


CON,H, + 3NaOBr —> CO, + N, + 3NaBr + 2H,0, 


but in actual practice it is found that it never goes to completion. 
The course of the reaction can be followed by estimating (1) the 
amount of nitrogen evolved, (2) the amount of hypobromite decom- 
posed, or (3) the amount of carbonate formed. All these methods 
give substantially the same results and indicate that, with the 
usual methods of performing the experiment, the reaction goes only 
to about 90°% of completion. 

The incompleteness of the reaction has been attributed to various 
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causes, such as (1) the solubility of nitrogen in the hypobromite 
solution, (2) the formation of a compound of carbamide and bromous 
acid (Hiifner, J. pr. Chem., 1871, 3, 1), (3) the impurity of the 
nitrogen (Rayleigh and Ramsay, Phil. Trans., 1895, 186, A, 187; 
Rayleigh, Proc. Roy. Soc., 1898, 64, 95; Krogh, Z. physiol. Chem., 
1913, 84, 379; Hurtley, Biochem. J., 1921, 15, 11), (4) the formation 
of oxides of nitrogen in the solution (Fauconnier, Bull. Soc. chim., 
1880, 33, 102; Luther, Z. physiol. Chem., 1889, 13, 500; Krogh, 
loc. cit.). None of these explanations, however, is adequate (see, 
for example, Lescceur, J. Pharm. Chim., 1919, 20, 305; Werner, 
J., 1922, 121, 2318; Margosches and Rose, Biochem. Z., 1923, 137, 
542). ji 

The alternative suggestion (Fenton, J., 1878, 33, 300; P., 1895, 
138; see also Lescoour, loc. cit.; Margosches and Rose, loc. cit.) that 
the reaction does not go to completion because of the formation 
of sodium cyanate is supported by the evidence brought forward 
in the present communication. The work of Margosches and Rose, 
on which the view was based that the formation of sodium cyanate 
cannot be the chief cause of the nitrogen deficit, is inconclusive, 
since no account was taken of the composition of the hypobromite 
used. 

EXPERIMENTAL. 


The gasometric method was found to be unsatisfactory for two 
reasons. The usual solution (40% brominated 10N-sodium 
hydroxide)* was made by adding bromine to a sodium hydroxide 
solution cooled to below 0° and analysed for hypobromite by sodium 
arsenite and for total hypobromite and bromate by sodium thio- 
sulphate. The original solution was then kept for 20 hours and 
analysed again. Although there was no change in the thiosulphate 
titration, the hypobromite had been half converted into bromate 
over-night. The old hypobromite solution evolved about 3% more 
nitrogen from a carbamide solution than the freshly prepared 
hypobromite. This, as will be seen from subsequent results, is 
probably due to the decreased ratio of hypobromite to hydroxide. 

The other objection to this method is that the reaction between 
carbamide and hypobromite gives off a considerable amount of heat ; 
in fact, Smith (Chem. News, 1895, '71, 259) used such heat as a 
basis for determining the amount of carbamide in urine. Wagner 
(Z. anal. Chem., 1874, 13, 383) suggests keeping the reaction vessel 
under water; but the volume of gas only becomes constant 15 

* A hypobromite solution made by adding 25 c.c. of bromine (1 equiv.) 
to 100 g. of sodium hydroxide (2:5 equivs.) dissolved in water, and making 


up to 250 c.c. is described as a 40% brominated 10N-sodium hydroxide 
solution. 


FE 
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minutes after the reaction, even when it is kept in a well-stirred 


thermostat. The factor generally given in text-books for 40% 
brominated 10N-sodium hydroxide is 0-92. Careful measurements 
with thermostat control, using freshly prepared cool hypobromite 
and applying all corrections to the volume of gas evolved, gave 
0-90, whereas the titration method shows that the factor should be 
0-87. 

More trustworthy results were obtained by estimating the hypo- 
bromite decomposed. The procedure was to add the carbamide 
solution slowly to the hypobromite, allow the reaction to proceed 
with occasional shaking for 5 minutes, dilute the reaction mixture 
to 500 c.c., and add about 20 c.c. of 3N-hydrochloric acid and a 
solution containing about 5 g. of potassium iodide. The solution 
was kept for 2 minutes and then titrated with thiosulphate, with 
starch as an indicator. There was a certain tendency to “ reblue ”’ 
on standing. The difference between the amounts of thiosulphate 
required for this titration and for the hypobromite alone gives the 
equivalent amount of hypobromite which has been used up in the 
reaction. The carbamide was recrystallised three times from alcohol 
and dried at 100°. 

A number of experiments were undertaken to determine the 
chief factors which influenced this reaction at room temperature. 
Excess of hypobromite had no effect, confirming previous observa- 
tions on a similar reaction with ammonia (Andlyst, 1924, 49, 375). 
The actual concentration of the hypobromite had no effect at 
moderate concentrations. Thus a 40% brominated 4N-sodium 
hydroxide solution was diluted in steps down to 0-25N without any 
effect on the reaction. In stronger solutions of hypobromite, there 
are secondary effects due to time changes in the hypobromite— 
hydroxide ratio to be allowed for. The chief factor at room tem- 


perature was the extent to which the sodium hydroxide had been 


brominated. 
Some of the experimental results obtained with carbamide and 


various hypobromite solutions are in Table I. The expression 


“e.c. thio. required” indicates the difference in thiosulphate 
required for a blank and that required after the carbamide has been 
added to the hypobromite. 

Similar results are obtained with hypobromite solutions prepared 
from sodium hydroxide as strong as 2N. Both titration and gaso- 
metric methods show that the nitrogen deficit becomes greater as the 
percentage bromination increases until the hydroxide is 75% bromin- 
ated. At this point a sudden change occurs, the amount of gas 
evolved still decreases, but a slow oxidation setsin. After 30 minutes, 
an amount of hypobromite is used up which is about equivalent to the 
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TABLE I. 


Sodium thiosulphate 0-1963N. Sodium hydroxide 0:496N. 5 C.c. of carb- 
amide solution contain 0-075 g., which is equivalent to 38:3 c.c. of 


thiosulphate. 
C.c. of thio. required after Carbamide 
No. of ous a can x summa eee nae a or decomposed 
sol. Brominated. 5 mins. 15 mins. 30 mins. ois 
1 15 34-2 —_ — 89-3 
2 30 33:8 — — 88-4 
3 45 33-1 — — 86-4 — 
a 60 31-0 31-1 30-9 81-0 
5 75 29°7 29-1 29-4 77-6 
6 80 29-2 37-5 38-7 
7 85 33°5 38-6 37-8 
8 90 35:1 37-7 38-7 
9 95 36-5 37-9 38-5 
10 OTB hit —- 4-2 4-0 


quantity of carbamide taken (7.e., 38:3 ¢.c. of thio.). When the 
sodium hydroxide is completely brominated, there is no gas evolution 
and no hypobromite is used up. 

Sodium cyanate was prepared by the method of Leuchs and 
Geserick (Ber., 1908, 41, 4171) from urethane and sodium in boiling 
benzene and was twice recrystallised from pure alcohol. With 
it and with the same hypobromite solutions as before, the following 
results were obtained. 


Tasxe II. 
5 C.c. of sodium cyanate taken contain 0-075 g., equiv. to 17-7 c.c. of 
0-196N-thio. 
C.c. of thio. after 
oon — ——a—~=S oe, 
No. of solution. % Bromination. 5 mins. 15 mins. 
5 75 — be — 
6 80 0-4 0-3 
| 85 0-4 0-3 
8 90 1-0 0-7 
9 95 17-9 18-0 


There is no action of hypobromite on sodium cyanate below the 
composition 75% brominated. Above this value the hypobromite 
reacts slowly with the sodium cyanate, but with 100% brominated 
solutions there is a vigorous gas evolution from the mixture. 

The figures for sodium cyanate (Nos. 7 and 8) do not show com- 
plete oxidation, as would be expected from the figures in Table I. 
Another series of experiments was therefore made with the same 
hypobromite solutions, using a mixture of carbamide and sodium 
cyanate. 

These figures point to the fact that the deficit of nitrogen is due to 
the formation of sodium cyanate and that with hypobromite solu- 
tions brominated to more than 75% and less than 95% a secondary 
oxidation of the sodium cyanate is induced only if carbamide is 
present. They also show that the rate of this secondary oxidation 
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TABLE III. 


5 C.c. of the solution contain 0-0375 g. each of carbamide and sodium cyanate, 
which are equivalent to 19:15 and 17-7 c.c. of 0-196N-thiosulphate 


respectively. 
C.c. of thio. required after 
— 
No. of solution. % Bromination. 5 mins. 15 mins. 
4 60 16-2 16-1 carbamide alone 
7 85 15-8 28-5 
8 90 28-2 28-4 


is greater with increase in the amount of bromination of the sodium 
hydroxide. Carbamide is not acted upon by 100% sodium hypo- 
bromite, as there is no excess of sodium hydroxide to decompose 
the compound which it probably forms with the bromine. 

The potential of a platinum electrode dipping into the various 
solutions shows that there is no marked change in the oxidising 
power except in the neighbourhood of completely brominated 
solutions. 


TABLE IV. 
No. of solution...... 1 3 5 7 9 10 
eM TP volt... ..c ks. + 0-756 0-790 0-810 0-830 0-850 0:981 
Summary. 


The chief factor influencing the deficit of nitrogen in the reaction 
between carbamide and sodium hypobromite at room temperature 
is the extent to which the sodium hydroxide has been brominated. 
The effect of this variable has been studied for all brominations from 
0 to 100%. The reaction does not go to completion owing to the 
formation of sodium cyanate. The amount of sodium cyanate 
formed becomes greater as the ratio of hypobromite to hydroxide 
increases until it corresponds to 75% bromination, when it is 
oxidised in a secondary reaction. Sodium cyanate solutions are 
not appreciably oxidised by 75 to 90° hypobromite solutions except 
in the presence of carbamide. With pure hypobromite (7.e., without 
any excess of sodium hydroxide present) sodium cyanate solutions 
are vigorously decomposed. The experiments of Margosches and 
Rose proving that sodium cyanate is not formed in the reaction are 
inconclusive, since they do not take into account the effect of the 
composition of the hypobromite. The use of 10N-sodium hydroxide 
solutions for the estimation of carbamide gasometrically leads to 
inaccurate results. 


The author wishes to thank Professor J. C. Philip, F.R.S., for 
his kind advice and interest in this research. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, May 16th, 1925.] 
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CCCIX.—WNutrosation of Phenols. Part II. Nitrosation 
of 3-Bromo-, 2-Bromo-, 3-Iodo-, and 2-Iodo-phenol. 
Evidence for the Nitroso-formula of 4-Nitrosophenol. 


By Herspert Henry Hopeson and Francois Harry Moore. 


THE investigation now to be described, dealing mainly with the 
nitrosation of 3-bromo- and 3-iodo-phenol, supplements work on 
3-chlorophenol (J., 1923, 123, 2499). 

Unlike 3-chloro-4-nitrosophenol, 3-bromo-4-nitrosophenol is so 
sensitive to transformation that the quinoneoxime form is pro- 
duced in every solvent except ether. 3-lodo-4-nitrosophenol has 
been obtained only in the quinoneoxime modifications. Geometrical 
isomerides of both compounds have been isolated which exhibit 
differences in colour (see also Kehrmann and Wolff, Ber., 1900, 
33, 1539; Kehrmann and Denk, ibid., p. 3297). Oxidation to the 
corresponding halogenated nitrophenols has _ established the 
4-positions of the nitroso-groups, and molecular-weight determin- 
ations the unimolecular character of the isomerides. 

2-Chloro- and 2-bromo-4-nitrosophenol were readily obtained by 
the general process for nitrosating m-halogenated phenols (loc. cit.) ; 
but from 2-icodophenol a tar was produced, and the nitroso-compound 
was obtained only by working at great dilution and in the presence 
of acetic instead of sulphuric acid. These three nitroso-compounds 
could not be converted into the quinoneoxime forms, the immobility 
of the phenolic hydrogen in proximity to a halogen atom being 
thus made manifest. 

A very fine specimen of nitrosophenol free from resinous matter 
has been prepared from phenol by the general nitrosation method ; 
it melts at 133°, 2.e., 7° higher than the m. p. (126°) usually recorded. 
A specimen prepared 2 years ago is still in good condition. 

The data in the following table are claimed to support the view 
that 4-nitrosophenol is a genuine nitroso-compound and not a 
quinoneoxime. 

M. p. of nitroso- 


Substance. compound. M. p. of quinoneoximes. 
Phenol 133° (126° recorded) 126° (prepared from benzoquinone) 
2-Chlorophenol 148° with decomp. — 
2-Bromophenol 150° ip “fl — 
2-Iodophenol Decomp. 152° — 
3-Chlorophenol 135° with decomp. 172° and 178° 
3-Bromophenol OR A! hae tage oe a 189° and 190° 
3-lodophenol Decomp. 185—195° 
2:5-Dichlorophenol 146° Decomp. 155—160° 
-Cuminol * 134° (4-nitroso-2:3:5- 184° 

trimethylphenol) 


* Nietzki and Schneider, Ber., 1894, 27, 1426. 
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EXPERIMENTAL. 


Nitrosation of 3-Bromo-, 2-Bromo-, and 3-Iodo-phenol.—The 
method for preparing 3-chloro-4-nitrosophenol (J., 1923, 123, 
2502) was found generally applicable; the nitroso-compounds, 
however, formed gradually and separated, partly as pale yellow 
crystals (0-5—1 g.) and partly as tars, from which, after draining 
and washing with cold benzene, about 2 g. more of the products 


were obtained. 


3-Bromo-4-nitrosophenol dissolves readily in alcohol or ether and 
is moderately easily soluble in hot benzene or light petroleum, 
but almost insoluble in the cold solvent. It was obtained in 
yellow needles, m. p. 139° (decomp.), by addition of light petroleum 
to an ethereal solution (Found: Br, 39-5; N, 7:0. C,H,O,NBr 
requires Br, 39:6; N, 69%). 

3-Bromo-p-benzoquinone-4-oxime was obtained in red needles 
when the preceding compound was crystallised from benzene, 
dilute hydrochloric acid, and dilute alcohol; the three products 
melted and decomposed at 187°, 188°, and 186°. On recrystallis- 
ation from dilute hydrochloric acid, the quinoneoxime was obtained 
in orange needles, m. p. 188° (decomp.) (Found: Br, 39-6; N, 7-1; 
M, cryoscopic in phenol, 189. C,H,O,NBr requires Br, 39-6; 
N, 69%; M, 202). All the solvents tried except cold ether effected 
the conversion. 

Action of Alkalis on 3-Bromo-4-nitrosophenol.—The nitroso- 
compound dissolves in aqueous sodium hydroxide (10%) to a red 
solution which froths after afew seconds. If the solution is acidified 
immediately, a pale yellow almost colourless substance of m. p. 
189—190° (needles from benzene) is precipitated (Found: Br, 
39-55; N, 7-2), but if it is kept for some time a dark-coloured sub- 
stance of indefinite m. p. is produced on acidification. Sodium 
carbonate effects the same transformation unaccompanied by 
frothing, or decomposition on short standing. 

Interconversion of the Geometrical Isomerides.—Dissolution of the 
orange form of the quinoneoxime in alkalis (unaccompanied by 
frothing), followed by acidification in the cold, produces the colour- 
less form, and crystallisation of the latter from dilute hydrochloric 
acid converts it into the orange isomeride. 

Liebermann’s Nitroso-reaction.—All three products gave identical 
results owing to the ready conversion of two of them into the acid- 
stable form. To 0-05 g. of each isomeride, 0-1 g. of phenol and 
1 c.c. of concentrated sulphuric acid were added. The solutions 
were deep green and became brownish-red on dilution and then 
violet on addition of sodium hydroxide. 
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Oxidation of 3-Bromo-4-nitrosophenol and its Tautomerides to 
3-Bromo-4-nitrophenol.—Oxidation proceeds much more readily 
than in the case of 3-chloro-4-nitrosophenol. A solution of 0:5 g. 
of any one of the three isomerides in water (100 c.c.) containing 
potassium ferricyanide (5 g.) and sodium hydroxide (5 g.) was 
kept for 48 hours at room temperature and then acidified with 
dilute sulphuric acid (25%). The solution was filtered, shaken with 
ether, the solvent removed from the extract, the residue treated 
with a minimum of aqueous sodium hydroxide (10%), and the 
alkaline solution acidified in the cold with concentrated hydro- 
chloric acid; the brown precipitate thus obtained crystallised from 
benzene in almost colourless needles, m. p. 131° (Auwers and Deines, 
loc. cit., give m. p. 130—131°) (Found: Br, 36-75; N, 6-5. Cale. 
for C,H,O,NBr, Br, 36:7; N, 6-4%). 

2-Bromo-4-nitrosophenol.—This nitroso-compound is not trans- 
formed into a quinoneoxime by hot dilute mineral acids. It 
crystallises from benzene in light brown needles and from dilute 
alcohol in red needles, m. p. 150° (Found: Br, 39:4; N, 7-0. 
C,H,O,.NBr requires Br, 39-6; N, 69%). The colour produced 
in the Liebermann nitroso-reaction is deep green and changes to 
wine-red on dilution; it reverts to deep green in aqueous sodium 
hydroxide. Oxidation with ferricyanide as described above con- 
verts the nitroso-compound into 2-bromo-4-nitrophenol, m. p. 112° 
(Found: Br, 36-6; N, 6-5. Calc., Br, 36:7; N, 6-4%). 

3-Lodo-p-benzoquinone-4-oxime.—The nitrosation product of 
3-iodophenol has no m. p.; it darkens at 170—180°, begins to 
decompose at 185°, and a deep reddish-brown vapour is evolved 
at 200°. The compound is readily soluble in alcohol or ether, 
moderately easily soluble in hot benzene but very sparingly soluble 
in the cold solvent, and insoluble in light petroleum. The yellow 
needles obtained from its solution in benzene or hot dilute hydro- 
chloric acid decompose at 185—195°; if the latter solution is 
boiled for a few minutes, iodine is liberated and no crystallisation 
ensues. Light petroleum added to an ethereal solution of the 
quinoneoxime produces small, deep yellow prisms. This isomeride, 
which is tentatively assumed to be the syn-form (compare J., 1923, 
423, 2499), has a normal molecular weight in phenol solution 
(Found: N, 5-8; I, 50-9; M&M, cryoscopic in phenol, 254. 
C,H,O,NI requires N, 5-6; I, 51:0%; MU, 249). 

The syn-modification dissolves in 10% aqueous sodium hydr- 
oxide without frothing. From the red solution, on acidification, 
a very pale straw-coloured substance is precipitated. This, the anti- 
form, decomposes at about 185° and is highly dissociated in phenol 
solution (Found : N, 5-7; I, 50-99%; M, eryoscopic in phenol, 160). 


. 
The Liebermann reaction produced a yellowish-brown colour, 
which changed to reddish-brown when the solution was diluted 
or made alkaline. Decomposition appears to have taken place. 

Oxidation with alkaline ferricyanide as described above gave 

3-iodo-4-nttrophenol, which crystallised from alcohol in long, slender, 
almost colourless needles, m. p. 123° (Found: N, 5:5. C,H,O,NI 
requires N, 5-3%), and was identified by comparison with a 
specimen prepared by nitrating 3-iodophenol. 
_ Preparation of 2-Iodophenol—2-lodonitrobenzene was obtained 
in 91% yield from o-nitroaniline by the usual procedure; only a 
slight excess of potassium iodide, however, was employed. It 
melted at 50—51° (Nolting and Wrzesinski, Ber., 1875, 8, 820, 
give m. p. 43°). Its reduction with tin and hydrochloric acid 
produced a mixture of 2-iodo- and 2-chloro-aniline, and the yield 
of the former obtained by means of ferrous sulphate and ammonia 
was poor (compare Kérner and Wender, Gazzetta, 1887, 17, 486). 
2-lodonitrobenzene (28 g.), iron filings (28 g.), glacial acetic acid 
(70 c.c.), and water (70 c.c.) were mixed together and the mild 
reaction was completed by heating on the water-bath. The 
product was made alkaline with sodium bicarbonate and distilled 
with steam. The 2-iodoaniline thus obtained (22 g. or 89-5%;_ 
m. p. 57°. Ké6rner and Wender, loc. cit., give m. p. 56:5°) was 
converted, by rapidly cooling a hot solution in concentrated sulph- 
uric acid (20 c.c.) and water (50 c.c.), into small crystals of the 
sulphate, which was diazotised and the excess of nitrous acid 
destroyed by carbamide; the diazo-solution was added drop by 
drop to a boiling solution of sulphuric acid (50 c.c.) and water 
(50 c.c.) through which a current of steam was passing. The 
2-iodophenol thus obtained (yield 20 g. or 91%) melted at 40° after 
crystallisation from ether (Schall, Ber., 1883, 16, 1897; 1887, 20, 
3363, gives m. p. 39—40°). 

Nitrosation of 2-Iodophenol.—The general method was useless 
in this case, tarry matter only being formed. The main product 
of the action of amyl nitrite and glacial acetic acid on 2-iodophenol 
in benzene solution was 2-iodo-6-nitrophenol, which was isolated 
by means of its volatility in steam. This compound, which was 
also prepared by nitrating 2-iodophenol, crystallised from light 
petroleum in bright yellow, feathery needles, m. p. 109°, and 
formed a red sodium salt. 

‘A solution of 2-iodophenol (4 g.) and sodium nitrite (7 g.) in 
water (850 c.c.) was cooled to 10° and treated gradually with a 
mixture of glacial acetic acid (4:5 c.c.) and water (5 c.c.). After 
24 hours, the solution was filtered, and shaken with ether. The 
extract was treated with 10% sodium hydroxide, and the deep- 
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coloured aqueous layer very cautiously acidified in the cold. The 
yellow precipitate (1 g.) of 2-iodo-4-nitrosophenol crystallised from 
benzene or dilute hydrochloric acid in yellow needles, which decom- 
posed at 152°. No conversion into a quinoneoxime could be 
effected (Found: N, 5-7; I, 50:85; MM, cryoscopic in phenol, 255. 
C,H,O,NI requires N, 5-6; I, 51:0%; M, 249). The colour pro- 
duced in the Liebermann reaction was deep green; it changed to 
crimson on dilution and to blue when the solution was made alkaline, 
2-Iodo-4-nitrophenol, m. p. 86—87°, was obtained by oxidising 
2-iodo-4-nitrosophenol with ferricyanide and by nitrating 2-iodo- 
phenol (Found: N, 5-4. Calc., N, 5-3%). 


The authors desire to thank the British Dyestuffs Corporation 
for gifts of the chemicals used in this investigation. 
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CCCX.—WNutration of Phthal- and Succin-p-tolil. 


By Oscar L. Brapy, Witiiam G. E. Quick, and 
Water F. WELLING. 


THE nitration of aniline in the presence of a large quantity of con- 
centrated sulphuric acid has long been known to give m-nitroaniline 
' (Hiibner and Frericks, Annalen, 1881, 208, 299; Noelting and 
Collin, Ber., 1884, 17, 261; Bruns, Ber., 1895, 28, 1954; Tingle and 
Blanck, Amer. Chem. J., 1906, 36, 605), and of p-toluidine to give 
2-nitro-p-toluidine. Acylated amines, however, on nitration usually 
give compounds in which the nitro-group has entered in the o- or 
p-position to the acylamino-group, but in some cases, if a large 
quantity of concentrated sulphuric acid is present, meta-substitution 
occurs; for example, under these conditions Noelting and Collin 
(loc. cit.) obtained after hydrolysis a small quantity of m-nitro- 
aniline from acetanilide and a considerable quantity of 2-nitro-p- | 
toluidine from aceto-p-toluidide; with plain nitric acid, however, 
the group entered in the ortho- or para-position to the acylamino- 
group. Phthal-p-tolil on nitration with a mixture of sulphuric and 
nitric acids gives mainly 2-nitro-p-toluidine (D.R.-P. 141893). | 

Sulphuric acid was employed in all these nitrations, but Miolati, 
and. Lotti (Gazzetta, 1897, 27, i, 298) obtained 2-nitro-p-toluidine 
by nitrating succin-p-tolil with fuming nitric acid. (Compare 
also Cain and Micklethwait, J. Chem. Soc., 1914, 105, 1442, for the’ 
nitration of diphthalyltolidide.) This problem has now been! 
investigated on more quantitative lines, the succinyl-, phthalyl-, 
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3-nitrophthalyl-, and tetrachlorophthalyl-compounds being nitrated 
with fuming nitric acid alone. Under these conditions, the aniline 
derivatives gave almost exclusively p-nitroaniline, but the derivatives 
of p-toluidine all gave 2-nitro-p-toluidine as the main product. It 
appears, therefore, that the dibasic acyl group does not sufficiently 
influence the amino-group to enable meta-substitution to occur, but 
so reduces its directive influence in the case of p-toluidine as to enable 
the comparatively feebly directive methyl group to take control. 
Nitrophthal-, tetrachlorophthal-, and succin-p-tolil gave approxi- 
mately 84%, and phthal-p-tolil 76%, of 2-nitro-p-toluidine; the 
nature of the dibasic acid accordingly does not greatly influence 
the proportion of the isomerides formed. 

This investigation arose from the study of the isomerism of the 
dinitrobenzidines (compare Brady and McHugh, J., 1923, 123, 
2047, where the literature of these compounds is summarised) and 
the behaviour of phthal-p-tolil in giving 2-nitro-p-toluidine with 
fuming nitric acid is consistent with the possibility that one of the 
nitro-groups in Bandrowski’s dinitrobenzidine, obtained by the 
nitration of phthalylbenzidine, is in the meta-position to the amino- 
group, since one phthalylaminophenyl group can be regarded as — 
replacing methyl] in phthal-p-tolil. 


Me Me C,H,X C,H,X 
O20 6 - OF 
mes NU ROY WA 
xX Xx Xx 


X=-N<6e>C.Hs. 


EXPERIMENTAL. 


The System 2-Nitro-p-toluidine-3-Nitro-p-toluidine.—The fusion 
diagram was constructed in the usual way from cooling curves of 
mixtures of the pure compounds. The results are in Table 1. In 
the neighbourhood of the eutectic, crystallisation was very slow 
and the freezing point was easily missed if the rate of cooling 
exceeded 0-3° per minute; indeed with two mixtures. no definite 
arrest was obtained until the eutectic temperature was reached, the 
freezing point being indicated only by the change of slope of the 
cooling curve; these values are given in brackets. 

Nitration of Phthal-p-tolil—Two parts of p-toluidine were heated 
with one of phthalic anhydride for 2 hours on the water-bath. 
‘The product was extracted repeatedly with hot alcohol, and the 
sparingly soluble residue crystallised from benzene. The phthalyl 
compound so obtained was added in small portions to 10 times its 
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Tase I. 
% 3-Nitro- % 3-Nitro- 
p-toluidine. ens p-toluidine. bya Eutectic. 
0 74-8° 33:1 (60-9°) 56-1° 
10-5 69-0 38-7 (65-6) 56-2 
18-0 64-1 49-7 74-0 
23-5 60-3 55-0 78-4 
29-0 56:3 100 116-7 


weight of nitric acid (d 1-5) cooled in ice, the mixture kept on ice 
for 10 minutes and then poured on to crushed ice. When the ice 
had melted, the solid was collected, washed free from nitric acid, 
and hydrolysed by boiling with 2N-sodium hydroxide for 2 hours. 
After cooling, the mixture of nitrotoluidines which. separated was 
collected, washed with water, and dried thoroughly in a vacuum 
over concentrated sulphuric acid. The freezing point was 59-9%, 
corresponding to 76% or 67% of 2-nitro-p-toluidine; the former 
value was shown to be correct by obtaining the right rise in freezing 
point by the addition of a known amount of pure 2-nitro-p-toluidine. 
The eutectic of the nitration mixture separated at 55-1° as against 
56-2° for the synthetic mixture, indicating the presence of a small 
quantity of one or more other compounds, possibly 2: 3-, 2: 5+ 
2:6-, and 3 : 5-dinitro-p-toluidines, all of which might be formed in 
the nitration; the amount, however, must be small and cannot 
greatly influence the relative proportions of the 2- and 3-nitro-p- 
toluidines here given. The separation of the main constituents of 
the hydrolysis product was achieved by acetylating with acetic 
anhydride with the addition of a drop of concentrated sulphuric¢ 
acid, pouring into water, and crystallising the product three times 
from 50% alcohol, when pure 2-nitroaceto-p-toluidide was obtained. 
The mother-liquors from the crystallisation were hydrolysed by 
boiling with 2NV-sodium hydroxide, and the amine was crystallised 
three times from 50% alcohol, when a small quantity of pure 3- 
nitro-p-toluidine was obtained. The crude phthalyl compound on 
crystallisation from benzene yielded pure phthal-2-nitro-p-tolil 
(D.R.-P. 141893). | 

Nitration of Succin-p-tolil—Succin-p-tolil, prepared in an 
analogous way to the phthalyl derivative by means ‘of succinic 
anhydride and heating to 150°, was nitrated in a manner similar 
to the above. The yield of mixed amines was poor; the product 
froze at 65-2°, corresponding to 84% of 2-nitro-p-toluidine. : 

Phthal-2-nitro-p-toluudic and Succin-2-niiro-p-toluidic Acids.— 
When phthal-2-nitro-p-tolil was warmed with 2N-sodium ie | 
it dissolved completely; hydrochloric acid then precipitated the 
toluidic acid. This was purified by dissolving in cold dilute ammonia, 
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filtering off any amine, reprecipitating with hydrochloric acid, and 
erystallising from dilute alcohol, when phthal-2-nitro-p-toluidic acid 
was obtained as a cream-coloured, crystalline powder melting and 
decomposing indefinitely at about 160° (Found : N, 9-4. C,,H,,0;N, 
requires N, 9:3%). The succintoluidic acid underwent further 
hydrolysis with ease, and in its preparation in an analogous manner 
to the above the alkali must not be warmed above 50° and solution 
must be obtained as rapidly as possible by vigorous shaking. After 
purifying by solution in ammonia and reprecipitation, it was dried 
and crystallised from benzene to which a few drops of alcohol had 
been added. Succin-2-nitro-p-toluidic acid crystallises in almost 
colourless, feathery needles, m. p. 163° (Found: N, 11:3. 
C,,H,.0,N, requires N, 11-1%). 

Nitration of 3-Nitrophthal-p-tolil.—A mixture of p-toluidine (30 g.) 
and nitrophthalic anhydride (25 g.) was heated for an hour at 130° 
with stirring. After cooling, the mass was dissolved in acetone, 
reprecipitated by the cautious addition of water, and the product 
crystallised from alcohol, when 3-nitrophthal-p-tolil was obtained as 
a yellow powder, m. p. 149° (Found: N, 9-8. C,,H,,0O,N, requires 
N, 9-9%). This was nitrated and hydrolysed as above, and the 
amines were extracted from the alkaline solution with ether. After 
drying in a vacuum, they froze at 64-7° (a repetition of the whole 
of the operations gave 64-5°), corresponding to 83-5% of 2-nitro-p- 
toluidine. The eutectic froze at 54-8°. The yield of amine from 
the nitrated product was small owing apparently to partial decom- 
position by the alkali, but other agents such as concentrated hydro- 
chloric acid or 50% sulphuric acid did not bring about hydrolysis. 

Nitration of Tetrachlorophthal-p-tolil—Tetrachlorophthal-p-tolil 
‘prepared in a similar way to the nitrophthalyl compound con- 
sists.of a pale yellow, crystalline powder, m. p. 145° (Found : 
Cl, 37-4. C,,H,O,NCl, requires Cl, 37:8%). Nitration and 
hydrolysis were carried out as with the nitrophthalyl compound, the 
yield of amines being small. The freezing point of the product was 
65-1°, corresponding to 84:5% of 2-nitro-p-toluidine. ! 

Nitration of Succinanil and Phthalanil—These compounds were 
nitrated under identical conditions with the above. From the 
hydrolysed product pure p-nitroaniline was obtained by one crystal- 
lisation ; the mother-liquor from this crystallisation was investigated, 
but no m-nitroaniline could be obtained by fractional crystallisation 
of the amine or of its acetyl derivative. 

_ Tue Rates Forster LAsoratories oF ORGANIC CHEMISTRY, 
Universiry CoLLear, LonpoN. (Received, July 2) st, 1925.] 


ay 


: 


2268 RUBENSTEIN : SUBSTITUTION IN VICINAL 


CCCXI.—Substitution in Vicinal Trisubstituted Benzene 
Derivatives. Part IT. 


By Leon RUBENSTEIN. 


THE mixture of 5- and 6-nitro-3-methoxy-2-ethoxybenzaldehydes 
produced by nitrating 3-methoxy-2-ethoxybenzaldehyde (Davies 
and Rubenstein, J., 1923, 123, 2839) has now been separated into 
its constituents by the method employed by Perkin, Robinson, and 
Stoyle to separate the isomerides formed in the nitration of 
o-veratraldehyde (J., 1924, 125, 2355); it contains 60% of the 
5-nitro- and 40% of the 6-nitro-compound. 

The same method was applied in an attempt to separate the 
mixture of 5- and 6-nitro-2 : 3-diethoxybenzaldehydes obtained in 
the nitration of 2: 3-diethoxybenzaldehyde (Davies and Ruben- 
stein, loc. cit.); these were condensed with p-toluidine and with 
m-nitroaniline, but in neither case could a complete separation of 
the Schiff bases be effected by fractional crystallisation. 

Evidence was obtained, however, that both in the nitration of 
3-methoxy-2-ethoxybenzaldehyde and of 2 : 3-diethoxybenzaldehyde 
the 4-nitro-aldehyde is formed in small quantity. 


EXPERIMENTAL. 


Nitration of 3-Methoxy-2-ethoxybenzaldehyde and Separation of the 
Products —The following modified method of nitration (compare 
loc. cit.) renders the subsequent separation easier: 3-Methoxy-2- 
ethoxybenzaldehyde (12 g.) cooled to 0° is added drop by drop with 
vigorous stirring to nitric acid (30 c.c.; d 1-42), the temperature 
being maintained at 0°. The crystals of 5-nitro-3-methoxy-2- 
ethoxybenzaldehyde (7-4 g.) that separate after several hours are 
removed. The filtrate, on dilution with water, deposits a yellowish- 
white mixture of 5- and 6-nitro-3-methoxy-2-ethoxybenzaldehydes, 
which is collected and dried. This mixture (7-4 g.) is heated with 
p-toluidine (3-6 g.) on the steam-bath during 30 minutes, and 
alcohol is added until a boiling solution is obtained. 5-Nitro- 
3-methoxy-2-ethoxybenzylidene-p-toluidine separates on cooling, 
and the 6-nitro-isomeride from the filtrate after concentration. 
These substances can be almost completely separated by careful 
fractional crystallisation from alcohol. 

5-Nitro-3-methoxy-2-ethoxybenzylidene-p-toluidine crystallises in 
pale yellow, slender needles, m. p. 148° (Found : N, 9-1. C,,H,,0,N; 
requires N, 8-9%). It is readily hydrolysed by hot dilute hydro- 
chloric acid, giving 5-nitro-3-methoxy-2-ethoxybenzaldehyde, m. p. 
137°. 6-Nitro-3-methoxy-2-ethoxybenzylidene-p-toluidine crystallises 
in golden prisms, m. p. 88° (Found: N, 9-0%). 
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6-Nitro-3-methoxy-2-ethoxybenzaldehyde, readily obtained by 
_hydrolysing the pure p-toluidine derivative with hot dilute hydro- 
chloric acid, crystallises from aqueous alcohol in colourless, slender 
prisms, m. p. 57° (Found: N, 6-4. C,)H,,0,N requires N, 6-2%) ; 
the p-nitrophenylhydrazone consists of stout, brown needles, m. p. 
188—189°. ‘Treatment with acetone and alkali gives an indigotin 
derivative. 

6-Nitro-3-methoxy-2-ethoxybenzoic Acid.—A mixture of the 
aldehyde (1 g.), water (10 c.c.), and potassium bicarbonate (0-6 g.) 
is boiled during the addition of hot 10% potassium permanganate 
solution (10 c.c.). The filtered, cooled solution is separated from 
a little unchanged aldehyde and acidified with hydrochloric acid. 
The 6-nttro-3-methoxy-2-ethoxybenzoic acid thus precipitated melts at 
119—120° after crystallisation from hot water, in which it is fairly 
soluble (yield 50%) (Equiv., 240. C, jH,,0O,N requires equiv., 241). 

Nitration of 2: 3-Diethoxybenzaldehyde—This was carried out 
similarly to the nitration of 3-methoxy-2-ethoxybenzaldehyde. 
The material obtained (5-7 g.) was treated with p-toluidine (2:5 g.), 
and the product with alcohol, as described above; 5-nitro-2: 3- 
diethoxybenzylidene-p-toluidine (2-4 g.) crystallised in long, slender, 
cream needles, m. p. 105—106° (Found: N, 8-6. C,.H,.0,N, 
requires N, 8-5%); further fractionation yielded a small quantity 
of a substance, m. p. 100° (Found : N, 8-7%). 

5-Nitro-2 : 3-diethoxybenzaldehyde, which is readily obtained by 
hydrolysing the pure p-toluidine derivative, m. p. 105—106°, with 
hot dilute hydrochloric acid and recrystallising the product from 
aqueous alcohol, consists of white needles, m. p. 71°. It does not 
yield an indigotin derivative with acetone and alkali and gives no 
depression of m. p. when mixed with a sample of 5-nitro-2 : 3- 
diethoxybenzaldehyde obtained by nitrating 2-hydroxy-3-ethoxy- 
benzaldehyde and methylating the product. 

6-Nitro-2 : 3-diethoxybenzaldehyde, similarly obtained from the 
compound, m. p. 100°, crystallises from dilute alcohol in almost 
colourless needles, m. p. 75—76° (Found: N, 6-0. C,,H,,0,;N 
requires N, 5-8%). It turns green on exposure to the air, as do 
its solutions in all solvents. With acetone and alkali an indigotin 
derivative is obtained. The p-nitrophenylhydrazone consists of 
bright yellow, stout needles, m. p. 268—270°. 


The author is indebted to the Research Fund Committee of the 
Chemical Society which has defrayed some of the expenses of this 
investigation. 


THe Dyson PEerRRINS LABORATORY, 
OXFORD. [Received, August 14th, 1925.] 
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CCOXIL.—Aminobenzthiazoles. Part II. Naphthyl- 
aminonaphthathiazole Derivatives. 


By Ropert Fereus HUNTER. 


THE curious observations on the conversion of symmetrical diaryl- 
thiocarbamides into arylaminobenzthiazole bromides recorded in 
Part I (this vol., p. 2023) made it of interest to extend the investi- 
gation to the halogen derivatives of the naphthalene homologues 
of l-anilinobenzthiazole (I and II), and the bromination of the 
s-dinaphthylthiocarbamides in chloroform was therefore studied. 


N= O-NH-C,9H,(a)  (8)C gH, NE-O- 

pS eS N/ \v7as 

¥ yh y) Cio <Q pte CNE-CyoH, HBr Ks he 7 
(I.) oe (II) 


Under conditions analogous to those employed in the previous 
cases (loc. cét.), s-di-a-naphthylthiocarbamide readily passed into 
the tetrabromo-addition compound of 2-«-naphthylamino-8§-naphtha- 
thiazole (I), a substance having properties analogous to those of 
the tetrabromides described in Part I. On exposure to air it rapidly 
lost bromine, yielding a yellowish-orange tribromide; this, how- 
ever, was not so stable as the tribromides of the benzenoid series, — 
since it gradually lost bromine on exposure to the atmosphere. 
On treatment with sulphurous acid, the tetrabromide was rapidly 
reduced, the added bromine being eliminated as hydrogen bromide, © 
and the free base (I) formed. The tetrabromide was converted 
by boiling hydroxylic solvents and alkalis into a dzbromo-substi- 
tution derivative of the usual type (loc. cit.). The tetrabromide 
differs from those of the benzenoid series in that it is capable of 
uniting with hydrogen bromide and more bromine, yielding a 
heptabronide, which no doubt has the constitution (III), analogous 
to that of the m-toluthiazole heptabromide (loc. cit.). 

On one occasion, when bromine was added to a warm suspension 
of di-«-naphthylthiocarbamide in chloroform, a bright red, unstable 
tribromo-addition compound was isolated, which was probabiag | 
the hydrobromide of a dibromo-addition compound. 

Since the bromination of s-di-«-naphthylthiocarbamide vieldeim 
as many as three bromo-addition compounds and was complicated : 
by the tendency of the nascent thiazole to add on hydrogen 
bromide as well as bromine, the bromination of the naphthathiazole 
base itself was examined; as might have been anticipated, in 
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yresence of excess of halogen it yielded a well-defined hexabromide 
he most probable constitution of which is 
CH <NO >C-NHC,.H 
10°"6 NBr, 10°5°7° 

[This compound has the usual properties of losing bromine on 
xposure to air, being reduced by sulphurous acid, and passing 
nto the substitution product in presence of hydroxylic solvents 
nd alkalis. 

On bromination under similar conditions to those used in the 
ase of the «-compound, s-di-8-naphthylthiocarbamide readily 
yielded a dark purplish-red hexabromide of (II), which doubtless is 
imilar to the «-hexabromide in constitution. The 8-hexabromide 
was isolated in two forms having identical chemical properties 
put different melting points. It differs from the higher bromo- 
iddition compounds of the arylaminobenzthiazole series in being 
remarkably stable to air, in this respect resembling dehydrothio- 
joluidine dibromide (this vol., p. 1318); unlike this, however, it 
s decomposed by dilute alkalis and hydroxylic solvents. On 
reatment with sulphurous acid, the six bromine atoms are eliminated 
m the usual way with the liberation of (II). The direct elimin- 
ation of bromine by treatment with hydroxylic solvents and alkalis 
had previously been observed in the case of |: 1-bisbenzthiazole 
ietrabromide (this vol., p. 1319), but this is a highly unstable 
substance which completely loses the whole of its added bromine 
on exposure to the air for some hours. 

A iribromo-addition compound of 2-8-naphthylamino-«-naphtha- 
thiazole was also isolated, which resembled the hexabromide in its 
remarkable stability to air; on treatment with hydroxylic solvents 
md alkalis, however, the added bromine was eliminated (initially) 
us sodium hypobromite, with liberation of the thiazole base (II). 
rhe tribromide was reduced in the usual way by sulphurous acid, 
being no doubt the hydrobromide of the dibromo-addition com- 
pound of the thiazole. 

The bromination of 2-$-naphthylamino-«-naphthathiazole in 

shloroform yielded, as might have been anticipated, the hops mactscr 
Addition compound. 
_ The bromine addition compounds of §-naphthylamino-«-naphtha- 
Bazolo therefore differ from those of «-naphthylamino-$-naphtha- 
ihiazole and of the arylaminobenzthiazoles (1) in their stability 
nair, which is of the order of that of dehydrothiotoluidine dibromide, 
2) in losing their added halogen as hypobromite, with regeneration 
# the «-thiazole base, on treatment with hydroxylic solvents and 
dkalis, and (3) in being incapable of conversion into a stable, 
rellowish-orange tribromide by atmospheric oxidation. 
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EXPERIMENTAL. 


s-Di-«-naphthylthiocarbamide was prepared from «-naphthyl- 
amine by the usual method (Hofmann, Annalen, 1846, 57, mae | 
The crude product, after treatment with dilute acid, water, etc., 
was digested with boiling acetic acid and with boiling alcohol; 
the microcrystalline powder thus obtained had m. p. 196°; a further 
quantity slowly separated in prisms from the acetic acid filtrate. 

2-a-Naphthylamino-@-naphthathiazole Tetrabromide. — Di- oe 
naphthylthiocarbamide (2 g.) was suspended in 20 c.c. of chloro- 
form, and 2 c.c. of bromine were slowly added with continuous 
shaking; heat and hydrogen bromide were evolved towards the 
end of the bromination. The solution was refluxed for 2 minutes, 
on a steam-bath and cooled in a freezing mixture; the tetrabromide | 
then separated in minute, brilliant vermilion crystals, which were, 
dried in a vacuum over potassium hydroxide. The tetrabromide 
lightened in colour at 190°, became yellow at 200°, and colourless 
at 260° (Found: Br, 50-2. C,,H,,N,Br,8 requires Br, 49-6%). 

On exposure to air the tetrabromide lost bromine, yielding a 
yellowish-orange, crystalline mass of the tribromide, which after 
boiling with chloroform and drying in a vacuum was obtained 
in small, yellow prisms; these became pale at 200° and colourless, 
at 280° [Found: Br, 42-6. (C,,H,,N.Br,8), requires Br, 42-49%]. 
On treatment with sulphurous acid, the tribromide yielded the 
thiazole base in the usual way. 

2-a-Naphthylamino-8-naphthathiazole Heptabromide.—By using. 
1 g. of s-di-x-naphthylthiocarbamide, 6 c.c. of chloroform, and. 
1 c.c. of bromine diluted with a little chloroform, and proceeding] 
as in the previous bromination, bright red granules of a hepta-| 
bromide (IIL) were obtained which lost bromine and became yellow! 
at 160° (Found: Br, 62-6. C,,H,;N,Br,S requires Br, 62: 9%). 
This displayed the usual behaviour of the bromo-addition com-| 
pounds on exposure to air, on treatment with sulphurous acid | 
and on boiling with alcohol and subsequent treatment with a | 
hydroxide. 

Dibromo-2-«-naphthylamino-®-naphihathiazole. — Either of the 
above bromides (1 g.) was digested with 20 c.c. of boiling alcoho | 
for a short time, the crystalline hydrobromide so obtained wat 
treated with warm 2N-sodium hydroxide for a few minutes, the 
product washed, dried, and crystallised from benzene-ethyl acetatt 
(1:1); from this the dibromo-substitution product separated in 
small prisms which sintered at 180°, became yellow at 240°, anc 
melted at 270—272° (Found: Br, 35-9. C,,H,.N,Br.$ require!) 
Br, 35:6%). | 
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Red Tribromide of 2-«-Naphthylamino-8-naphthathiazole—A sus- 
pension of 1 g. of the dinaphthylthiocarbamide in 6 c.c. of warm 
chloroform was treated with 1 c.c. of bromine diluted with a little 
chloroform; the yellow, crystalline precipitate that formed at the 
half stage turned red when the addition of the bromine was com- 
pleted. The mixture was boiled for a minute, cooled, and’ the 
vermilion, microcrystalline precipitate dried in a vacuum over 
potassium hydroxide. The tribromide became orange at 180°, 
yellow at 190°, pale ochre-yellow at 215°, and showed signs of 
softening at 260°, but was still unmelted above 280° (Found: Br, 
41:8. C,,H,,N,.Br.$,HBr requires Br, 42-4%). This tribromide 
lost bromine on exposure to air and was reduced by sulphurous acid 
in the usual way. . 

2-a-Naphihylamino-B-naphthathiazole—Any one of the bromo- 
addition products obtained from the dinaphthylthiocarbamide by 
bromination in chloroform was suspended in sulphurous acid, and 
sulphur dioxide passed through the mixture until all solid matter 
was colourless. The reduction product was collected, digested 
with 2N-sodium hydroxide on a steam-bath for a few minutes, and 
the product washed, dried, and crystallised from ethyl acetate- 
toluene (1:1). The naphthathiazole, which separated in hard 
prisms, m. p. 217°, was recrystallised from benzene-—ethyl acetate 
and obtained in colourless prisms, m. p. 221° (Found: &, 9-6. 
C,,H,,N.8 requires S, 9°8%). 

_ Bromination. From a solution of the naphthathiazole (0:3 g.) 
and bromine (0-5 ¢.c.) in chloroform, bright red prisms of the hexa- 
bromide separated slowly; they were dried in the usual way (Found : 
Br, 60:3. C,,H,,N,Br,8 requires Br, 59-6%). The hexabromide 
showed colour change without melting at 238° and behaved as usual 
on exposure to air and on treatment with sulphurous acid and with 
alcohol and sodium hydroxide. 

_ s-Di-8-naphthylthiocarbamide was prepared from f-naphthyl- 
amine in the usual way. In the first experiments the thiocarb- 
amide was recrystallised from glacial acetic acid, from which it 
separated in small prisms, m. p. 194°; in later experiments the 
product was treated as in the previous case and obtained as a 
micro-crystalline, white powder, m. p. 198°. 

_ 2-8-Naphthylamino-«-naphthathiazole Hexabromide-—(A) s-Di-8- 
naphthylthiocarbamide (m. p. 194°) (1 g.) containing a trace of 
acetic acid was suspended in 6 c.c. of chloroform and treated with 
1 ¢.c. of bromine diluted with a small quantity of the same solvent 
as in the previous cases; the clear dark brown solution obtained 
became hot and evolved hydrogen bromide. The solution was 
refluxed for 2 minutes and cooled in a freezing mixture; the hexa- 
_ VOL. CXXVII. 46 
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bromide which then separated in fine, dark red crystals was dried © 
in a vacuum over potassium hydroxide. It became light yellow — 
at 190°, soft at 210°, and decomposed without melting at 216°9 
(Found: Br, 60:3. C,,H,,N,Br,S requires Br, 59-6%). 

(B) The above bromination was repeated and the solution shaken 
to induce sudden crystallisation. The product consisted of small, 
purplish-red plates, which were dried in’a vacuum as before. This 
hexabromide showed lightening in colour at 140°, further colour 
change at 194°, and melted to a clear red liquid at 196° (Found : 
Br, 59-8%). | . 

Both forms of the hexabromide were reduced by sulphurous acid 
in the usual way, and exhibited the remarkable stability in air 
already referred to. 

2-8-Naphthylamino-a-naphthathiazole.—The hexabromide was sus- - 
pended in sulphurous acid and treated with a current of sulphur 
dioxide as in the previous case. The product was warmed with 
2N-sodium hydroxide, washed, dried, and crystallised from toluene- 
ethyl acetate (1: 1), from which it separated in large, silky plates, 
m. p. 221°. After recrystallisation from ethyl acetate—benzene, 
it was obtained in plates, m. p. 223° (Found: 8, 8:9. C.,H NS 
requires S, 9-8°%). * 

Red Tribromide of 2-8-Naphthylamino-u-naphthathiazole—One g. 
of s-di-8-naphthylthiocarbamide (microcrystalline powder, m. Pp. 
198°) was suspended in 6 c.c. of chloroform and brominated in 
the usual way. The solution deposited the tribromide as a vermilion, 
microcrystalline powder which, after drying in a vacuum over 
potassium hydroxide, showed a colour change at about 170° and 
melted at 245° (Found: Br, 42-8. C,,H,,N,Br,S,HBr requires 
Br, 42:4%). 

Bromination of  2-8-Naphthylamino-«-naphthathiazole. — The 
naphthathiazole (0-5 g.) was treated with excess of bromine (1 c.¢.) 
as in the previous case: on scratching, the hexabromide separated 
in small, dark purple-red prisms, m. p. 198°, after drying (Found: 
Br, 60-2. Cale., Br, 59-6%). 


In conclusion, the author desires to express his gratitude to 
Prof. J. F. Thorpe, F.R.S., for the kind interest he has taken in 
the progress of these experiments. | 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [ Received, June 3rd, 1925.] 
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CCCXITI.—An Investigation of the Action of Halogens 
on 2:4-Dimethylbenzoyl Chloride. 


By Wii1am Henry Perxr, jun., and Jonn FREDERIC 
SMERDON STONE. 


IN a communication published a short time since (J., 1922, 121, 
2203), Davies and Perkin showed that w-derivatives of the toluic 
acids such as 
CH,X CHX 
CHa co7H CHSC. OH CO'n 

may be conveniently prepared from the corresponding toluoyl 
chlorides, CH,°C,H,°COCI, or bromides by treatment with chlorine 
or bromine at temperatures varying from 160—220°, according to 
the degree of substitution desired, and subsequent decomposition 
of the substituted acid chlorides or bromides by formic acid, methyl 
alcohol, amines, etc. This simple process has made it possible 
to prepare conveniently many mono- and di-substitution deriv- 
atives of benzoic acid, such, for example, as the aldehydo-acids 
CHO-C,H,°CO,H, which had previously been difficult of access. 

In developing this process, it became interesting to determine 
the course substitution would take in the case of the dimethyl- 
benzoic acids, (CH;),C,H,°CO,H, that is to say, to find out whether 
substitution would occur in both methyl groups or be confined to 
one, and whether it would be possible, by the selection of suitable 
conditions of temperature, exposure to light, etc., to prevent 
simultaneous substitution in the ring. In order to examine this 
problem, we selected in the first instance 2 : 4-dimethylbenzoic 
acid (m-xylene-o-carboxylic acid) for investigation, and, as no 
method was available for the preparation of the large quantities 
of this acid required for this research, we have worked out the 
conditions most favourable for its formation. As the result of a 
large number of comparative experiments, we find that this acid 
may be obtained from m-xylene in a yield of 65% of that theor- 
etically possible under the following conditions. m-Xylene is 
first converted, by acetyl chloride in the presence of anhydrous 
ferric chloride (compare Meissel, Ber., 1899, 32, 2420), into 2 : 4-di- 
methylacetophenone, C,H,Me,*CO-CH,, which, when treated with 
the calculated quantity of carefully prepared sodium hypobromite, 
is smoothly converted into practically pure 2 : 4-dimethylbenzoic 
acid. If, however, the hypobromite is present in excess or con- 
tains bromate, the acid is contaminated with a bromo-acid, m. p, 
#80", which is evidently the 6-bromo-2: sane enon acid, 

G 
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m. p. 183—184°, obtained by Noyes (Amer. Chem. J., 1898, 20, 
802) by the oxidation of 6-bromo-2 : 4-dimethylacetophenone. 

The method used for the direct substitution in the -positions 
in 2:4-dimethylbenzoic acid is essentially that worked out by 
Davies and Perkin (Joc. cit.) in the case of the toluic acids. The 
acid is first converted into the acid chloride, CgH;Me,-COCI, by 
the action of thionyl chloride, and this is then treated with chlorine 
or bromine at temperatures varying from 160—220° according to 
the degree of substitution desired. The formation of the lower 
halogen substitution products takes place readily in bright sun- 
light but, if several atoms of chlorine or bromine are to be intro- 
duced, the use of a quartz mercury lamp is essential. In some cases, 
the bromo-derivatives were more readily prepared and separated — 
than the corresponding chloro-derivatives. | 

Thus, for example, while we were unsuccessful in separating the 
w-chloro- and ww-dichloro-dimethylbenzoyl chlorides by fractional 
distillation, we found that the corresponding dibromo-derivatives, 
owing to greater difference in boiling point, could be comparatively 
easily separated. Careful treatment of the substituted acid chlor- 
ides with formic acid, alcohols or amines readily leads to the 
corresponding acids, esters, or amides. In this way we have 
prepared a large number of w-halogen derivatives of 2 : 4-dimethyl- 
benzoic acid, and the hydrolysis of these has yielded an interesting 
series of substances in which the methyl groups have been succes- 
sively oxidised with production of alcohols, aldehydes, and acids. — 


I. The w-Bromo-2 : 4-dimethylbenzoic Acids. 


When 2 : 4-dimethylbenzoyl chloride is brominated at 160° with 
the aid of a mercury lamp, the bromo-acid bromide, distilling at 
169—171°/15 mm., consists mainly of 2-bromomethyl-4-methyl- 
benzoyl bromide, CH,°CgH;(CH,Br)-COBr, but the fraction 160— 
180°/15 mm. contains this substance and 4-bromomethyl-2-methyl- 
benzoyl bromide, CH,Br-C,H;(CH;)-COBr, in the proportion of 
about 85 to 15%.* . 

On decomposing with formic acid, this mixture yields 2-bromo- 
methyl-4-methylbenzoic acid, m. p. 143—145°, the constitution of 
which is demonstrated by the fact that it yields 4-methyl-1 : 2 


phthalide, m. p. 118°, CHg'CgH3< ae O, at the melting point. 


* In order to economise space, the formulz in this communication are not 
written out hexagonally but the methyl-carbon atom to the left in the formula 
CH,-C,H,(CH;)-CO,H is numbered 4, whereas that to the right is numbered 2. 

When an acid chloride is treated with bromine, it is converted into the acid 
bromide as pointed out by Davies and Perkin (loc. cdt., p. 2203). 
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The crystalline methyl ester (m. p. 62—63°) obtained directly 
by decomposing the mixed acid bromides with methyl alcohol is 
methyl 2-bromomethyl-4-methylbenzoate, because it decomposes on 
boiling into methyl bromide and 4-methyl-1 : 2-phthalide. This 
phthalide, on hydrolysis with alkali yields 2-hydroxymethyl-4- 
methylbenzoic acid, which melts at 132—133° with regeneration of 
the phthalide. 

The methyl ester of 4-bromomethyl-2-methylbenzoic acid (m. p. 56°) 
is obtained by decomposing the mixed bromomethyl-methy]l- 
benzoyl bromides (see above) with methyl alcohol and boiling 
the mixed methyl esters, when methyl 2-bromomethy1-4-methyl- 
benzoate passes completely into the phthalide whereas methyl 
4-bromomethyl-2-methylbenzoate remains unchanged. On boiling 
with potassium hydroxide, the latter yields 4-hydroxymethyl-2- 
methylbenzoic acid, OH-CH,°C,H,(CH,)-CO,H, m. p. 142°, which 
does not lose water at its melting pot. During this hydrolysis, a 
dibasic acid, C,,H,,0;, m. p. 222°, is also obtained in small quantity 
and this is evidently 4: 4’-dicarboxy-3 : 3'-dimethyldibenzyl ether, 
CO,H-(CH;)C,H;°-CH,°O-CH,:C,H;(CH;)-CO,H, produced by the 
elimination of water from two molecules of the 4-hydroxymethyl 
acid. A somewhat similar observation was made by Giinther 
(Ber., 1890, 23, 1061), who found that, when p-cyanobenzy] chloride, 
CN-©,H,°CH,Cl, is hydrolysed with alkali, it yields 4 : 4’-dicarboxy- 
dibenzyl ether, CO,H-C,H,°CH,-O-CH,°C,H,°CO,H. 


Il. 2: 4-Di(bromomethyl)benzoic Acid, CH,Br-C,H,(CH,Br)-CO,H. 


The substitution of two atoms of bromine for hydrogen in 
2: 4-dimethylbenzoic acid leads mainly (compare p. 2286) to the 
formation of the sym-w-dibromo-acid. The acid bromide of this 
acid, b. p. 223—228°/15 mm., is obtained when 2: 4-dimethyl- 
benzoyl chloride is heated with the calculated amount of bromine at 
a temperature rising from 150—190°, with the aid of the mercury 
lamp. On treatment with formic acid, this yields 2 : 4-di(bromo- 
methyl)benzoic acid, m. p. 158°, the methyl ester of which, on dis- 
illation, loses methyl bromide with the formation of 4-bromomethyl- 


|: 2-phthalide, CH,Br-CgH,<Go.2->0, m. p. 159°, and this, on boiling 
with chalk and water, passes into 4-hydroxymethyl-1 : 2-phthalide, 
CH,~ 
OH-CH,'C,H3< 52-0, 


m. p. 125°. This substance is readily hydrolysed by warm sodium 
hydroxide to 2:4-di(hydroxymethyl)benzoic acid; m. p. 146°. 
t-Hydroxymethyl-1 : 2-phthalide condenses readily with oxalic ester 
nm the presence of potassium ethoxide, yielding 4-hydroxymethyl- 


~, 
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1 : 2-phthalide-oxalic ester, which gives a violet coloration with ferric 
chloride and probably consists essentially of the enolic modification, 

Gy ues 
OH-CHy CoH a . 
CO 


In order to determine whether both bromine atoms in 2: 4-di- 


(bromomethyl)benzoic acid are replaceable by cyanogen groups, 


the acid was digested with excess of potassium cyanide, but examin- 


ation of the product showed that only the 4-w-bromo-atom had © 


been replaced by cyanogen, the product being 4-cyanomethyl-1 : 2- 


phthalide, m. p. 124°, CN-CH,-C,H,<CH2>0. This on shakin 
2/643 ~CO Se 


with hydrogen peroxide and sodium hydroxide yields the amide, 
from which 1 : 2-phthalide-4-acetic acid, m. p. 162°, 


CO,H-CH yO <662>0, 


is obtained by the action of sodium nitrite. 


Ill. The Chlorination of 2: 4-Dimethylbenzoyl Chloride. 


The attempt to prepare in a pure condition higher brominated 
derivatives of 2:4-dimethylbenzoic acid than those described 
in the last Section failed, mainly for the reason that the higher 


brominated acid bromides suffered vigorous decomposition when 


the attempt was made to distil them even under low pressures. 
Attention was therefore directed to the corresponding chloro- 
derivatives and we have fortunately been able to isolate these even 


up to the stage of the hexachloro-acid chloride, CCl,°C,H(CCl,)*COCI. : 


This has enabled us to study the whole series of these interesting 
substances and to investigate thoroughly their decomposition 
products and especially the products of their hydrolysis. 

When 2:4-dimethylbenzoyl chloride is treated with the cal- 


culated amount of chlorine for the introduction of three atoms 


at a temperature rising from 180—210° and in ultra-violet light, 


and the product distilled, a fraction is obtained, b. p. 184— 


186°/16 mm., the chlorine content of which corresponds with 
that of the expected w-trichloro-2 : 4-dimethylbenzoyl chloride. 
The first suspicion that this fraction is in reality an almost con- 
stant-boiling mixture of the di- and tetra-chlorinated dimethyl- 
benzoyl chlorides, CH,Cl-C,H3(CH,Cl)-COCI and 
CHCI,°C,H;(CHCI,)-COCI, 

containing only small quantities of the trichlorinated derivative, 
arose on attempting to prepare the substituted chlorophthalides 
by boiling the corresponding methyl esters. When the methyl 


esters, prepared in the usual manner from the acid chloride 
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fraction and methyl alcohol, are distilled, the crystals which separ- 
ate from the distillate consist of 4-chloromethyl-1 : 2-phthalide, 


CH,Cl-C,H,< Soto: m. p. 144°, derived from the methyl ester, 


CH,Cl-C,H3(CH,Cl)-CO,Me, and corresponding with the 4-bromo- 
methyl-1 : 2-phthalide described on p. 2277, the yield being about 
30%. On the other hand, when the chloride fraction, b. p. 184— 
186°/16 mm., was digested with chalk and water, it gave a large 
yield of 2: 4-dialdehydobenzoic acid, CHO-C,H,(CHO)-CO,H, an 
interesting substance which had not previously been obtained 
and the properties of which are described on p. 2290. The form- 
ation of this dialdehydo-acid is clear evidence that the acid chloride 
must have contained considerable quantities of 2 : 4-di(dichloro- 
methyl)benzoyl chloride, CHCI,°C,H;(CHCI,)‘COCl. That the acid 
chloride fraction also contains 4-dichloromethy]-2-chloromethyl- 
benzoyl chloride, CHCl,-C,H,(CH,Cl)-COCI, was demonstrated in 
the following manner. The product of the action of chalk and 
water on this chloride fraction contains, besides 2 : 4-dialdehydo- 
benzoic acid, a small quantity of a substance, C,H,O3, melting 
at 159—160°, which, on investigation, proved to be 4-alde- 


hydo-1 : 2-phthalide, CHO-C,H,<(g2>0. and this must have been 


derived from the trichloro-acid chloride just mentioned. On the 
other hand, there is no evidence of the existence of the isomeric 
trichloro-acid chloride, CH,Cl-C,H,(CHCI,)-COCI, in the above 
chloride fraction, because careful examination of the products of 
hydrolysis with chalk and water failed to reveal the presence of 
any substance derived from this chloride. 

_ 4-Aldehydo-1 : 2-phthalide combines readily with phenylhydr- 
azine, yielding the yellow hydrazone, PhN,H:CH-C,H;<G62>0, 
but its most interesting property is the fact that, when heated on 
the steam-bath even with 2N-sodium hydroxide, it undergoes the 
Cannizzaro reaction and yields a mixture of 2: 4-di(h'ydroxy- 
methyl)benzoic acid, OH:CH,°C,H,(CH,°OH)-CO,H (m. p. 146°; 
compare p. 2290), and 2-hydroxymethylierephthalic acid, 

CO,H-C,H,(CH,-OH)-CO,H. 

On heating in the steam-oven, the latter acid is converted into 
4-carboxy-1 : 2-phthalide, CO,H-CpH3<662>0, m. p. 280°, a 


substance which is readily reconverted into 2-hydroxymethyl- 
terephthalic acid on hydrolysis. 
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IV. 2: 4-Di(dichloromethyl)benzoic Acid. 


When 2:4-dimethylbenzoyl chloride is chlorinated at 160— 
220° in ultra-violet light, until the increase of weight corresponds — 
with the introduction of 4 atoms of chlorine, and the product 
fractionated, 2 : 4-di(dichloromethyl)benzoyl chloride, 

CHCI,°C,H,(CHCI,)COCL, 

b. p. 192—193°/10 mm., is oheaiion in good yield. Unlike the 
lower chlorinated Aanaenuibeaeae chlorides, this substance is 
remarkably resistant to moisture and may be left exposed to air 
for some days without appreciable decomposition but it is de- 
composed by anhydrous formic acid under carefully regulated 
conditions to yield 2 : 4-di(dichloromethyl)benzoic acid, m. p. 160°. 
The methyl ester of this acid, CHCI,°C,H,(CHCI,)-CO,Me, distils at 
186—188°/12 mm. without decomposition, but, at higher tem- 
peratures, it loses methyl chloride with the formation of 4-dichloro- 
methyl-l : 2-chlorophthalide, CHClyCgHy< fy ->0, an oil distilling 
at 297°/763 mm. When 2: 4-di(dichloromethyl)benzoyl chloride is 
boiled with chalk and water, it is converted into 2 : 4-dialdehydo- 
benzoic acid, CHO-C,H,(CHO)-CO,H, m. p. 141° (compare p. 2292). 
The yield of this important new acid, which appears to be the | 
first of the dialdehydobenzoic acids to be prepared, calculated on 
the weight of the chloride employed in its preparation, is at least 
70% of the theoretical. On treatment with aniline, it yields a_ 
gadget derivative which, since it is insoluble in sodium carbonate, 


Vag cs ‘-NHPh 
Srobabty has the constitution NPh:CH-C,H, \ 66 , the 


acid. having acted in its hydroxy-phthalide ode much in 
the same way as m-opianic acid does in the same circumstances 
(Fargher and Perkin, J., 1921, 119, 1729). The disemicarbazone 
is colloidal and could not be crystallised. It decomposes at 335° 
and is soluble in sodium carbonate, consequently it appears to be 
directly derived from the dialdehydo-acid and to have the normal 
constitution. 

2:4-Dialdehydobenzoic acid reacts readily with phenylhydr- — 
azine to yield a yellow, crystalline derivative, m. p. 266°, insoluble — 
in sodium carbonate, which is evidently anhydro-2 : 4-dialdehydo-— 

CH:N 

benzoic acid diphenylhydrazone, PhN,H:CH:C,H,< CO. Ke Ph’ It is 
proposed to investigate carefully the action of alkalis on 2 : 4-di- 
aldehydobenzoic acid, in order to determine whether one or 
both of the aldehydo-groups are susceptible to the Cannizzaro 
reaction. 
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V. The Pentachloro-2 : 4-dimethylbenzoyl. Chlorides. 
An acid chloride fraction, b. p. 188—192°/14 mm., is obtained 


when chlorine is passed into 2: 4-dimethylbenzoyl chloride, in 


the presence of ultra-violet light, at 220° until the increase in 
weight corresponds with the absorption: of five atoms of chlorine. 
Investigation of this product has proved that it contains about 
equal quantities of the isomeric chlorides, CCl;°C,H,(CHCI,)*COCI 
and CHCl,°C,H;(CCl,)-COCI. On hydrolysis with chalk and water, 


this mixture yields a sparingly soluble, crystalline acid, m. p. 242°, 


which examination has proved to be 2-aldehydoterephthalic acid, 
CO,H-C,H;(CHO)-CO,H. This new acid reacts readily with 
phenylhydrazine with the formation of a colourless substance, 


ment with hydroxylamine, 2-aldehydoterephthalic acid yields the 
normal oxime, CO,H-C,H3(CH:N-OH)-CO,H, and, on heating, this 


- melts and decomposes at about 136° with evolution of heat, solidi- 


fies again, and then melts at about 242°, isomeric change into the 
wmide of trimellitic acid, a substance which does not appear to 
have been described, taking place. This characteristic change is 
analogous to the conversion by heat of the oximes of opianic acid 
and y-opianic acid into hemipinimide (Liebermann, Ber., 1886, 
19, 2926; Perkin, J., 1890, 57, 1071) and of the oxime of m-opianic 
acid into m-hemipinimide (Perkin, J., 1916, 109, 930). 2-Alde- 
hydoterephthalic acid does not undergo the Cannizzaro reaction so 
readily as 4-aldehydo-1 : 2-phthalide (p. 2279), but when boiled 
with sodium hydroxide (25%) it is converted into a mixture of 
‘2-hydroxymethylterephthalic acid, CO,H-C,H,(CH,°OH)-CO,H, and 
trimellitic acid, CO,H-C,H,(CO,H):CO,H. 

The mother-liquors from which the 2-aldehydoterephthalic acid 
had separated contain, besides this acid, varying quantities of 
trimellitic acid produced evidently by the air oxidation of the 
aldehydo-acid and probably also of the isomeric 4-aldehydophthalic 
acid, CHO-C,H,(CO,H)-CO,H. This latter acid is contained in 
these mother-liquors in considerable quantity, although, owing to 
its ready solubility and small facility for crystallising, it has not 
yet been found possible to isolate it in a pure condition. 

The presence of this interesting isomeride of 2-aldehydotere- 
phthalic acid was demonstrated in the first place by treating the 

“impure acid with phenylhydrazine, when a substance crystallising 
in yellow needles, m. p. 118°, was isolated in quantity; this is 
readily soluble in sodium carbonate and consists of the le yd of the 
qt 
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phenylhydrazone of 4-aldehydophthalic acid, C, 5H420,N,,H,O0. This 
characteristic substance becomes anhydrous in a vacuum desiccator 
over sulphuric acid, melts at 174° with elimination of water and 
formation of the anhydride, PhN,H:CH:C,H,(CO),0, m. p. 217, 
and this anhydride formation takes place quantitatively on heating 
in the air-oven at 115°. 


VI. 2: 4-Di(trichloromethyl)benzoic Acid. 


The chloride of this acid, CCl,*C,H,(CCl,)*COCI, b. p. 192— 
196°/15 mm., is obtained as a colourless oil which does not fume 
in moist air and in a yield of 70—80% when 2 : 4-dimethylbenzoyl 
chloride is chlorinated in ultra-violet light at 220° until six chlorine 
atoms have been absorbed. The stability of this chloride is also 
demonstrated by its behaviour with alkalis, since it may be boiled 
for a short time with dilute sodium carbonate without dissolving, 
although some chlorine is eliminated from the side chain during 
the process. 

However, on leaving with anhydrous formic acid for about 
2 weeks at the ordinary temperature, hydrolysis gradually takes 
place and 2 : 4-di(trichloromethyl)benzoic acid is obtained in colour- 
less needles, m. p. 171°. The methyl ester, CCl,°C,H,(CCl;)-CO,Me, 
obtained by mixing the hexachloro-acid chloride with methyl 
alcohol, does not crystallise and decomposes, on heating, with © 
elimination of methyl chloride and formation of 4-trichloromethyl- 


_ phthalyl chloride of the probable formula CClyC Hy < G92 >0- This 


interesting substance, b. p. 186—187°/12 mm., does not appear to 3 
be hydrolysed by anhydrous formic acid, but it reacts readily 
with aniline to yield a dianilide which crystallises in colourless _ 
needles, m. p. 220°, and appears to be 4.-trichloromethylphthaldt- 
anilide and to have the constitution CCl,-C,H,(CO-NHPh),. 
Although the hexachloride (see above) is so resistant to hydrolysis, it 
reacts readily with ammonia or with aniline and is gradually hydro- | 
lysed by chalk and water. Thus the amide, CCl,°C,H,(CCl,)-CO-NH,, 
is obtained in colourless needles when dry ammonia is passed into 
the solution of the acid chloride in benzene. This amide melts at 
176° with elimination of hydrogen chloride, due probably to the 
formation of the substance CClyC Hy Son gp > OH (compare 
Gabriel and Landsberger, Ber., 1898, 31, 2732). The addition of 
aniline to the solution of the hexachloro-acid chloride in benzene 
yields the anilide of 2 : 4-di(trichloromethyl)benzoic acid, 
CCl,°C,H,(CCl,)->CO-NHPh, 
m. p. 203°. When the hexachloro-acid chloride is boiled with 
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chalk and water, gradual hydrolysis takes place, each -CCl, group 
becoming —CO,H, and ultimately an almost quantitative yield of 
trimellitic acid, CO,H-C,H3(CO,H)-CO,H, is obtained. 


EXPERIMENTAL. 


2 : 4-Dimethylacetophenone, CH;°C,H3(CH;)-CO-CH;.—Anhydrous 
ferric chloride (100 g.) is just covered with dry carbon disulphide 
in a 2-litre flask, fitted with a reflux condenser and dropping funnel, 
and a mixture of m-xylene (100 g.) and a slight excess of acetyl 
chloride (84 g.) is slowly run in with occasional vigorous shaking, 
the operation taking about 2 hour. The whole is heated on the 
steam-bath until the evolution of hydrogen chloride ceases (approx. 
2 hours), the thick dark liquid poured into water, and after addition 
of ether, the black ether layer is well washed with water and dilute 
sodium hydroxide, dried over calcium chloride, and the ether 
removed. Meissel (Ber., 1899, 32, 2420) recommends distilling 
the dark oil in steam, but this is unnecessary, since ordinary dis- 
tillation suffices, the portion distilling at 220—230° being sufficiently 
pure for most purposes and on redistillation the pure ketone distils 
at 228°/760 mm. (Found: C, 81:0; H, 8-2. C,)H,,0 requires 
C, 81:0; H, 8-1%). 

2:4-Dimethylbenzoic Acid, CH,°C,H3(CH,)-CO,H.—After several 
comparative experiments, the best oxidising agent for converting 
2: 4-dimethylacetophenone into this acid was found to be sodium 
hypobromite, but unless the temperature is kept as near 0° as 
possible both in the preparation of the hypobromite and in the 
subsequent oxidation, a brominated 2 : 4-dimethylbenzoic acid is 
also obtained which melts at 180° and is apparently identical with 
the 6-bromo-2 : 4-dimethylbenzoic acid, m. p. 183—184°, described 
by Noyes (Amer. Chem. J., 1898, 20, 802) (Found: C, 47-1; H, 
4:1. C,H,O,Br requires C, 47:2; H, 39%). Sodium hydroxide 
(80 g.) is dissolved in water (1600 c.c.) cooled to 0°, and then bromine 
(160 g.) carefully run in in small quantities with vigorous shaking, 
2: 4-dimethylacetophenone (50 g.) is now added and the whole 
shaken continuously for 2 hours. The operation is seen to be at 
an end when the surface layer of the ketone gives place to a heavy 
layer of bromoform. After this has been run off, the aqueous 
solution is saturated with sulphur dioxide, when 2 : 4-dimethyl- 
benzoic acid is precipitated as a voluminous, crystalline precipitate ; 
after washing and drying, it is pure enough for most purposes. 
For the chlorination experiments it was, however, found better to 
recrystallise it from dilute alcohol, from which it separates in long 
needles, m. p. 126° (Found: C, 71:9; H, 6-8. C,H, 0, requires 
C, 72:0; H, 6-7%). 
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The methyl ester, CH,*C,H,(CH;)CO.Me, is readily prepared by 
adding the acid chloride (see below) to methyl alcohol and pre- 
cipitating with water. The ether extract 1s well washed with 
water and sodium carbonate, dried over calcium chloride, the 
ether removed, and the oil distilled, when the methyl ester passes 
over at 232—233°/762 mm. and melts at — 2° to — 1° (Found : 
C, 73:0; H, 7:3. C9H4.0, requires C, 73:2; Ha ae 


2-Bromomethyl-4-methylbenzoyl Bromide, CH,'C,H,(CH,Br)-COBr. ; | 
The 2: 4-dimethylbenzoyl chloride required in large quantities _ 


for this and the subsequent operations was obtained in a yield of 
90% by boiling the acid with 10% excess of thionyl chloride. The 
dark oil remaining after distilling off the excess distilled at 234— 
236°/760 mm. or at 113—115°/15 mm: and melted at about 25-5° 
(compare Ador and Meier, Ber., 1879, 18, 1970). The bromination 


of this chloride is carried out in a flask fitted with a reflux con- — 


denser and dropping funnel the end of which is well below the 
surface of the chloride (33-7 g.). At 160°, bromine (82 g.) is slowly 
run in and, provided the operation is done in plenty of sunlight, 


substitution rarely takes more than an hour and the temperature 


need not be raised above 180°. In ultra-violet light double this 


quantity of the chloride can be brominated in an hour at a tem- 


perature not exceeding 160°. The separation and purification 
of this acid bromide is rendered tedious owing to the presence of 


small quantities of its isomeride, 4-bromomethyl-2-methylbenzoyl — 


bromide, CH,Br-C,H,(CH;)-COBr, which has not been obtained in 
a pure condition, although certain derivatives are described later 


in this paper. After three or four fractionations under reduced — 


pressure, a yield of 50% of 2-bromomethyl-4-methylbenzoyl bromide, 


containing traces of the isomeride, is obtained as a slightly green 


oil distilling at 169—171°/15 mm. It is rapidly decomposed by 


moist air and should be used directly it has been prepared (Found + 


Br, 54:9. C,H,OBr, requires Br, 54-8%). In order to prove that 


this substance consisted entirely of bromo-acid bromide and did 
not contain any acid chloride, the silver halide (0-4386 g.) from 
the Carius determination was heated in a stream of chlorine 
at 200° for 2 hours, when 0-3496 AgCl resulted, whereas theory 
requires 0-:3508. This fully confirms the observation of Davies 
and Perkin (loc. cit.) that acid chlorides are completely converted 
into acid bromides on treatment with bromine. 
2-Bromomethyl-4-methylbenzoic Acid, CH,*C,H;(CH,Br)-CO,H.— 
This acid is readily obtained from the acid bromide by stirring 
with six times its weight of anhydrous formic acid, care being 
taken that the temperature does not rise above 15°, in order to 
avoid any hydrolysis of the side chain bromine atom. The operation 


9 
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is complete in a few minutes and the precipitate of the acid is 
collected and crystallised from petroleum (b. p. 80—100°), from 
which it separates in small, colourless needles, m. p. 143—145° 
(decomp.) (Found: Br, 34:1. C,H,O,Br requires Br, 34:9%). 
The methyl ester, CH;°C,H,(CH,Br)-CO,Me, is obtained by adding 
the acid bromide to well-cooied methyl alcohol and, after standing 
over-night, the mixture is poured into water, ether added, and 
the ethereal extract well washed with water and dilute sodium 
carbonate, dried over anhydrous sodium sulphate, and evaporated. 
The syrup gradually crystallises in colourless needles which are 
drained and crystallised from petroleum, in which the substance 
is very soluble and from which it separates in rectangular prisms, 
m. p. 62—63° (Found: Br, 33-0. C, H,,0,Br requires Br, 32-9%). 
The vapour of this methyl ester is very irritating and causes pro- 
longed sneezing. When boiled in a test tube for a few minutes, 
it readily loses methyl bromide with formation of 4-methyl-1 : 2- 
phithalide, CHyC.H,<G¢2>0, in theoretical yield. The melt 
solidifies, on cooling, and the phthalide is best recrystallised from 
petroleum, from which it separates in long, colourless needles, 
m. p. 117—118° (Found: C, 72-9; H, 5-5. C,H,O, requires 
C, 72:9; H, 54%). ‘This substance dissolves readily on boiling 
with dilute sodium hydroxide and, on the addition of hydrochloric 
acid to the cold solution, 2-hydroxymethyl-4-methylbenzoic acid 
separates in small needles (Found: C, 64:9; H, 5-9. C,H,0, 
requires C, 65-1; H, 6:0%). This acid melts at 132—133° with 
loss of water and regeneration of the phthalide. 

Methyl 4-Bromomethyl-2-methylbenzoate, CH, BreC,H;(CH3)*CO,Me. 
—Reference has already been made (p. 2276) to the presence in 
the acid bromide, prepared as explained above, of small quantities 
of 4-bromomethyl-2-methylbenzoyl bromide. Although it was 
found impossible to isolate this from the mixture, the methyl 
ster of the bromo-acid may be obtained pure in the following 
manner. ‘The bromo-acid bromide fraction, b. p. 160—180°/15 mm., 
S$ converted into the mixture of methyl esters in the way just 
lescribed, and the mixture boiled until all the methyl 2-bromo- 
methyl-4-methylbenzoate has been converted, by loss of methyl 
romide, into 4-methyl-1:2-phthalide. This separates almost 
completely on mixing with light petroleum, and the filtrate, on 
waporation, deposits methyl 4-bromomethyl-2-methylbenzoate as 
i crystalline mass which crystallises from methyl alcohol in needles, 
n. p. 55—56°, and is readily distinguished from its isomeride in 
hat, on boiling, it does not decompose with loss of methyl bromide 
Found: Br, 31-2. C,,H,,0,Br requires Br, 32-9%). 


~~ 


as 
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4-Hydroxymethyl-2-methylbenzoic Acid, OH-CH,-C,H,(CH,)*CO,H. 
—Complete hydrolysis of the above methyl ester (4:5 g.) is readily 
effected by boiling with potassium hydroxide (3 g. in 50 c.c. of 
water) for 2 hours. After filtering, the cold solution is acidified 
with concentrated hydrochloric acid, the voluminous crystalline 
precipitate collected and crystallised from boiling water, from 


which 4-hydroxymethyl-2-methylbenzoic acid separates in glistening, 
rectangular plates, m. p. 141—142° (Found: C, 65:3; H, 6 


C,H 903 requires C, 65-1; H, 6-0%). 

During the recrystallisation of this acid, a small quantity of a 
white substance remains undissolved and this separates from 
dilute alcohol as a microcrystalline powder, m. p. 221—222°. It 
is explained in the introduction (p. 2277) that this substance is 
4: 4'-dicarboxy-3 : 3'-dimethyldibenzyl ether (Found: ©, 68-1; H, 
5:7. C,sH,,0, requires C, 68-8; H, 5:7%). On titration, 0-0252 
required 1-6 c.c. of N/10-NaOH for neutralisation, whereas this 
amount of a dibasic acid, C,,H,,0; should neutralise 1-6 c.c. The 
molecular weight, determined by the method of Rast (Ber., 1922, 
55, 1051, 3727), when 0-0047, dissolved in 0-0859 of camphor, 
caused a depression in the m. p. of camphor of 6-9°, was found as 
317, whereas C,,H,,0; requires M, 314. 

-2:4-Di(bromomethyl)benzoyl Bromide, CH,Br-C,H,(CH,Br)-COBr. 
—The bromination of 2 : 4-dimethylbenzoyl bromide to this stage 
cannot be effected with good results in sunlight, but with the aid 
of a mercury lamp and careful regulation of the temperature a 
yield of 40—50% of the above bromide may be obtained. Starting 
with the temperature at 150°, bromine (106 g.) is slowly dropped 
into 2:4-dimethylbenzoyl chloride (56 g.), the operation being 
complete in 2 hours if the temperature at the end of the experi- 
ment is allowed to rise to 190°. Above this, considerable darkening 


of the liquid takes place and subsequent fractionation is rendered — 


difficult owing to the formation of much tar. The dark green 
liquid is distilled in small quantities under reduced pressure as 
quickly as possible and the fraction 215—230°/15 mm. again 
distilled, when the fraction 228—228°/15 mm. consists of almost 
pure 2: 4-di(bromomethyl)benzoyl bromide (Found: Br, 64:0. 
C,H,OBr, requires Br, 64:7%). This bromide is a viscid, green 
syrup which fumes in moist air and shows no signs of eryctallising 
even on long standing. 

2:4-Di(bromomethyl)benzoic Acid, CH,Br-C,H,(CH,Br)-CO,H.— 
This acid, prepared in the usual manner by stirring the acid bromide 
with anhydrous formic acid at as low a temperature as possible 
(p. 2284), crystallises from benzene in small, colourless prisms, 
m. p. 158° (Found: Br, 52-4. CjH,O,Br. requires Br, 520%): 


> es - 
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The methyl ester, obtained by adding the dibromo-acid bromide 
to well-cooled methyl alcohol, separates from the mixture and 
erystallises from methyl alcohol in long, colourless, feathery needles, 
m. p. 83—84° (Found: Br, 49-7. C,9H,)0,Br, requires Br, 49-7%). 
The vapour of this methyl ester is very pungent and produces 
prolonged sneezing, and solutions cause burns when brought in 
contact with the skin. When this methy] ester is boiled in a test- 
tube for a few minutes, it loses methyl bromide, and the melt, on 


cooling, crystallises in fan-shaped masses of needles. This piss 


of nearly pure 4-bromomethyl-1 : 2-phthalide, CH,Br-C, ri wth CO” HeS0. 


which separates from methyl] alcohol in small, glistening plates, 
m. p. 159°, and is very pungent when warmed (Found: Br, 34-9, 
C,H.,O,Br requires Br, 35-2°%). 


4-Hydroxymethyl-1 : 2-phthalide, OH-CH,-C,H;<6o2>0.— This 


substance may be obtained by boiling 2 : 4-di(bromomethyl)benzoyl 
bromide with precipitated chalk and water, but the method is 
unsatisfactory owing to the difficulty in purifying the product. 
Subsequently it was found that a much better yield of pure sub- 
stance can be obtained by boiling 4-bromomethyl-1 : 2-phthalide 
(5 g.) with chalk (2 g.) and water (50 c.c.). After cooling, the 
solution is acidified with hydrochloric acid and the whole quickly 
filtered, when the filtrate gradually deposits small, colourless prisms 
(2-5 g.). 4-Hydroxymethyl-1 :2-phthalide, m. p. 124—125°, is 
readily soluble in hot water or toluene but sparingly so in cold 
water or ether (Found: C, 66-1; H, 4:9. C,H,O, requires ©, 65-9; 
H, 4:9%). 
2: 4-Di(hydroxymethyl)benzoic Acid, 
OH-CH,°C,H,(CH,°OH)-CO,H. 
—This, the parent substance ‘of the above frdronymethyl iene 
is prepared by warming the latter with sodium hydroxide, cooling 
well, and acidifying with hydrochloric acid. After being quickly 
collected, washed with water, and left on porous porcelain exposed 
to air, the small, colourless, glistening plates melt at 145—146° 
(Found: ©, 59-2; H, 5-6. C,H, 0, requires C, 59:3; H, 5-5%). 
Ethyl 4-Hydroxymethyl-1 : 2-phthalideoxalate, 
C:C(OH):CO,Kt 
OH-CH,-C HC > SO 


—In preparing this substance, seastie alcohol (0:4 ¢.c.) is carefully 
added to molecular potassium (0-4 g.) under dry ether (30 c.c.) 
and after the evolution of hydrogen has ceased and a slight excess 
of potassium is present, oxalic ester (1-5 g.) is added. Combination 
follows at once, the potassium ethoxide passes into solution and 
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the colour changes to yellow. Hydroxymethylphthalide (1-7 g.) 
suspended in dry ether is now added and the whole left over-night. 
The voluminous, yellow precipitate is collected, dissolved in a 
little water, and the orange solution of the potassium derivative 
acidified. The viscid oil which gradually crystallises separates 
from dilute alcohol in small, colourless prisms, m. p. 169—170° 


(Found: C, 59-3; H, 4:6. C,3;H,.0, requires C, 59-1; H, 46%). 7 
The methyl-alcoholic solution gives, on the addition of ferric 


chloride, a deep violet coloration, and the substance is immediately 


soluble in sodium hydroxide to a yellow solution. 


4-Cyanomethyl-1 : 2-phthalide, CH,(CN)-C,H,< ra ihien y. 


Di(bromomethyl)benzoic acid (25 g.) was gradually added to 
potassium cyanide (14 g.) dissolved in alcohol (50 c.c.) and water 


(100 c.c.) and, after the somewhat vigorous reaction had subsided, ~ 


the whole was heated on the steam-bath for 10 minutes, cooled, 
and diluted with water (100 c.c.). The solution, acidified with 
hydrochloric acid, was extracted with ether, and the ethereal layer 
well washed with water and dried over calcium chloride, when a 
small quantity of ared gum separated. The ether was then removed 


from the filtered solution; the oil, which gradually solidified, separ-_ 


ated from benzene in small plates, m. p. 123—124° (Found: C, 69-5; 
H, 4:1; N, 8-0. C,,H,O,N requires C, 69-4; H, 4-0; N, 8-1%). 
1 : 2-Phthalide-4-acetamide is readily prepared by shaking the 


cyano-derivative (3 g.) with hydrogen peroxide (30 c.c. of 6%) 


and sodium hydroxide (1 c.c. of 10%) at 40°. When all has 
dissolved and the evolution of oxygen has ceased, the solution is 
acidified with concentrated hydrochloric acid and the small, white 
plates are collected. This amide separates from alcohol in feathery 
needles, m. p. 218—219° (slight decomp.) (Found: C, 62-7; H, 
4-8. C,,H,O,N requires C, 62:8; H, 4:7%). 
1:2-Phthalide-4-acetic Acid, CO,H-CH,-C,H;<pg2>0.—The 
hydrolysis of 4-cyanomethyl-1:2-phthalide by methyl-alcoholic 
potassium hydroxide yields a product which is difficult to purify, 
but the acid is readily obtained in a practically theoretical yield 
under the following conditions. The amide (0-24 g.) is dissolved 
in concentrated su!; huric acid and the whole heated on the steam- 
bath for a few minutes, cooled to 0°, and sodium nitrite (0-2 g.) 
dissolved in water (1 c.c.) added. After heating on the steam- 
bath for about 3 minutes, the product is poured into water (5 c.c.), 
when, on cooling, needles are deposited which are completely 
soluble in dilute sodium carbonate and, after recrystallisation from 


water, melt at 161—162° and consist of 1: 2-phthalide-4-acetic & 
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acid (Found: ©, 62:3; H, 4:3. Ci9H,0, requires C, 62°5; H 
4-2%). . | 

_ The only indication that an unsymmetrical dibromo-derivative 
is formed during the bromination of 2 : 4-dimethylbenzoyl chloride 
was obtained when a large quantity of the dibrominated bromide 
(b. p. 215—230°/15 mm.) was hydrolysed with chalk and water 
(compare p. 2287). 

On adding phenylhydrazine to the mother-liquor from which the 
4-hydroxymethyl-1 : 2-phthalide had separated, a small quantity of 
a condensation product was obtained which crystallised from 
benzene—petroleum in small, yellow prisms, m. p. 179—180° 
(Found: C, 70-7; H, 5-4. C,;H,,0,.N, requires C, 70-8; H, 
50%). This substance is evidently the phenylhydrazone either of 
CHO-C,H,(CH,):CO,H or of CH °C,H;(CHO)-CO,H, probably the 
former, but the amount available was too small for further 
investigation. 

Preparation of the Mixture of 2: 4-Di(chloromethyl)- and 2: 4- 
Di(dichloromethyl)benzoyl Chlorides, CH,Cl:C,H,(CH,Cl)-COC1 and 
CHCI,°C,H3(CHCI,)-COCl—The apparatus employed in the pre- 
paration of all the chlorinated 2: 4-dimethylbenzoyl chlorides 
described in this communication consisted of a quartz flask, of 
300 c.c. capacity, having a wide neck about 12 inches long in which 
was fitted a cork bored with three holes for carrying a thermometer, 
an adapter for attaching to a reflux condenser, and a tube, for 
introducing the chlorine, reaching nearly to the bottom of the 
flask. The.whole apparatus (without the condenser) with its 
contents could be weighed from time to time in order to determine 
the amount of chlorine absorbed, and chlorination was always carried 
out in close proximity to a powerful ultra-violet light mercury lamp. 

When 2:4-dimethylbenzoyl chloride (p. 2284; 60 g.) was 
chlorinated under these conditions at a temperature starting at 
180° and gradually rising to 210° until 3 atoms of chlorine had 
been absorbed, and the product fractionated, about 60°% passed 
Over at 184—186°/16 mm. as an almost colourless, fuming oil 
which gave analytical results corresponding with those required 
for a trichloro-dimethylbenzoyl chloride (Found: Cl, 51-7. C,H,OC1, 
equires Cl, 52-2%). As stated in the introduction (p. 2278), this 
il is in reality a constant-boiling mixture consisting essentially of 
li- and tetra-chloro-acid chlorides and containing only a small 
juantity of the trichlorinated chloride. From this mixture the 
‘ollowing derivatives were prepared. 


4-Chloromethyl-1 : 2-phthalide, CH,Cl-C,Hy<o¢.2>O.—The mixed 


+hlorides were converted into the mixed methyl esters by boiling with 
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methyl alcohol; these were isolated in the usual manner (p. 2285). 
When the resulting oil was heated to boiling in small quantities, 
the methyl ester, CH,Cl-C,H,(CH,Cl);CO.Me, readily decomposed * 
with elimination of methyl chloride and formation of solid 4-chloro- 


methyl-1 : 2-phthalide; this may be freed from the oily admixture 


by rubbing with methyl alcohol and subsequent recrystallisation 


from this solvent, from which it separates in glistening plates, 
m. p. 143—144° (Found : @; 58-5; HY) :3-9s Chie C,H,O0,Cl 


requires O, 59-2; H, 3:8; Cl, 19°:5%). 

2:4-Dialdehydobenzoic Acid, CHO-C,H,(CHO)-CO,H. — The 
chlorinated acid chloride (b. p. 184—186°/16 mm.; 47 g.) was 
boiled with chalk (50 g.) and water (300 c.c.) for 4 hours, precaution 
against access of air being taken by the use of a Bunsen valve 
attached to the top of the condenser. The product was cooled, 
acidified with concentrated hydrochloric acid, and, aiter remaining 
over-night, a gummy solid (A) was filtered off and the filtrate 
extracted three times with ether. The white solid obtained after 


drying and removing the ether separated from 50% acetic acid in 


nodules, m. p. 138—139°, and consisted of 2: 4-dialdehydobenzoi¢ 
acid. This was proved by mixing with a specimen of the di- 


aldehydo-acid prepared as described on p. 2292, when there was no — 
depression in m. p., and also by conversion into the characteristic — 
dianilino-derivative, m. p. 208°. The gummy solid (A) mentioned — 
above was again heated with chalk and water for 3 hours, and — 
the filtered solution acidified. The crystalline precipitate so | 
obtained was extracted with boiling water and filtered from gum | 
when, on cooling, a crystalline mass of impure 4-aldehydo-1 : 2- 
phthalide was deposited and this separated from water, in which — 
it was only sparingly soluble, in small plates, m. p. 159—160°, the — 


yield being about 10% of theory (Found: C, 66-4; H, 3-6. 


C,H,O0, requires C, 66-7; H, 3-7%). This substance is insoluble — 
in sodium bicarbonate but dissolves on warming with sodium 
hydroxide. The phenylhydrazone is obtained by adding phenyl-_ 


hydrazine to the solution of the substance in dilute acetic acid 


and separates from alcohol in lemon-yellow needles, m. p. 171 


172° (Found: N, 11-2. © ;H,,0,N, requires N, 11-23 


The Action of Alkali on 4-Aldehydo-1 : 2-phthalide—When this" 


phthalide (0-5 g.) was mixed with 2N -sodium hydroxide (5 ¢.c.) 


and warmed for about } minute on the steam-bath, complete 


solution took place. Addition of hydrochloric acid to the cooled 


solution precipitated a crystalline solid which, after drying m_ 


the vacuum desiccator, was found to be nearly pure 2-hydroxy- 


* The decomposition of the methyl ester, CHC1l,-C,H;(CHCl,)-CO,Me, into ; 


the syrupy 4-dichloromethyl-1 : 2-chlorophthalide is described on p. 2292. 
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methylterephthalic acid (see below) (Found: Canby Hy a-4, 
C,H,0; requires C, 55-1; H, 4-1°%). 

This acid was heated in the air-oven at 110° for an hour, 
extracted with cold sodium bicarbonate, filtered, and the filtrate 
acidified. The indefinite, crystalline powder so obtained melted 
at 279—280° and consisted of 4-carboxy-1 : 2-phthalide, 

COjH-C,H,<G¢2> 0 
(Found: C, 60-6; H, 3:3. CyH,O, requires C, 60-7; H, 33%). 

The lactone ring in this substance readily suffers hydrolysis 
when the substance is warmed with dilute sodium hydroxide, 
with the formation of the 2-hydroxymethylterephthalic acid, which 
apparently has no definite melting point but, on heating, gradually 
passes, with loss of water, into the lactone. ‘Titration: 0-0884 re- 
quired 8-9 c.c. of N/10-NaOH for neutralisation, whereas this 
amount of a dibasic acid, C,H,O;, should neutralise 9-0 c.c. 

2: 4-Di(dichloromethyl)benzoyl Chloride, CHC1,°CH,(CHCI,)COCI. 
—2 : 4-Dimethylbenzoyl chloride (p. 2284) was chlorinated in ultra- 
violet light at a temperature initially at 200° and rising to 220° 
in the apparatus described on p. 2289, until the amount of 
chlorine absorbed corresponded with the substitution of four 
atoms of hydrogen. 

On twice fractionating, 60—70% of the product distilled at 
192—193°/10 mm. as a nearly colourless oil which is not readily 
attacked by moist air (Found: Cl, 57-8. C,H;OCl, requires Cl, 
57-9%). When the benzene solution of this chloride was mixed 
with aniline, the anilide of 2: 4-di(dichloromethyl)benzoic acid 
was obtained which separated from alcohol in colourless needles, 
_m. p. 159° (Found: Cl, 38-7; N, 3:9. C,,;H,,ONCI, requires Cl, 
39:1; N, 39%). The fact that this derivative appeared to be a 
single substance may be taken as evidence that the chloride con- 
sists essentially, if not entirely, of 2 : 4-di(dichloromethyl)benzoyl 
chloride. 

2: 4-Di(dichloromethyl)benzoic Acid, CHCl,"C,H3(CHCI,)-CO,H.— 
Owing to its stability to hydrolytic agents, some difficulty was 
experienced in converting the above acid chloride into the corre- 
sponding acid. Boiling with anhydrous formic acid decomposes 
the chloride fairly readily but also attacks the w-chlorine atoms. 
Comparative experiments showed, however, that, if the tem- 
perature is not allowed to rise above 60°, hydrolysis is confined 
to the acid chloride group. The acid crystallises from the formic 
acid and is recrystallised from benzene—petroleum, separating in 
colourless needles, m. p. 159—160° (Found: Cl, 48:5. C,H,O.Cl, 
requires Cl, 49°3%). The methyl ester, prepared by mixing the acid 
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chloride with methyl] alcohol, is a colourless oil distilling at 186— 
188°/12 mm. (Found: Cl, 47-0. CyH,0,Cl, requires Cl, 47-0%). 
This methyl ester is remarkably stable and may be distilled in 
small quantities at ordinary pressures with little decomposition, 
but when it is kept boiling, it gradually loses methyl chloride 
with the formation of 4-dichloromethyl-1 : 2-chlorophihalde, 
CHCl CHy< OHS >, 
which distils at 297°/763 mm. and was not obtained crystalline 
(Found: Cl, 42-7. CyH;0,Cl, requires Cl, 42-9%). 
2:4-Dialdehydobenzoic Acid, CHO-C,H,(CHO)-CO,H (compare 
p. 2290).—The hydrolysis of 2 : 4-di(dichloromethyl)benzoy] chloride 
(30 g.) with precipitated chalk (40 g.) and water (300 c.c.) proceeds 
smoothly at the temperature of the boiling mixture if precautions 
are taken to exclude air during the process. After boiling for 
about 3 hours and until no oily drops of the chloride are left, 
the product is cooled, filtered, excess of hydrochloric acid added, 
and the whole left over-night. The crystalline solid is collected 
and the filtrate extracted several times with ether, as the aldehydo- 
acid is soluble in the acid solution. The solid so obtained is difficult 
to crystallise. It is very sparingly soluble in chloroform, benzene, 
or petroleum but readily so in acetone, alcohol or formic acid. 
It is also very soluble in water and does not crystallise on cooling. 


It may, however, be recrystallised from acetic acid (50%), separ- 


ating in small nodules, m. p. 140—141°, the yield, calculated on 
the chloride employed, being about 70% (Found: C, 60-6; H, 
3:5. CyH,O, requires C, 60-7; H, 33%). The dianilino-derivative 
is obtained when the alcoholic solution of the acid is warmed with 
aniline and separates from methyl alcohol in colourless needles, 
m. p. 208° (Found: C, 76-7; H, 5-0; N, 8-5. C,,;H,,0,N, requires — 
C, 76-8; H, 4:9; N, 85%). This derivative is insoluble in sodium 
carbonate and dissolves in concentrated sulphuric acid to a yellow 
solution the colour of which is discharged on adding water. 
Condensation with phenylhydrazine. When phenylhydrazine 
(2 mols.) is added to the solution of dialdehydobenzoic acid (1 mol.) 
in hot dilute glacial acetic acid, an orange oil is immediately pre- 
cipitated which solidifies at once to a mass of yellow needles in- — 
soluble in sodium carbonate. After recrystallisation from alcohol, 
in which it is sparingly soluble, this anhydro-2 : 4-dialdehydobenzoie 
acid diphenylhydrazone is obtained in canary-yellow prisms, m. Pp. 
264—266° (Found: C, 73:9; H, 4:6; N, 16-4. Cy,H,,ON, requires 
C, 74:1; H, 4:7; N, 165%). | f 
Condensation with p-nitrophenylhydrazine. When an alcoholic 
solution of dialdehydobenzoic acid was added to a hot dilute solu- 
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tion of p-nitrophenylhydrazine hydrochloride, a flocculent, orange 
precipitate separated which could not be recrystallised. It is 
insoluble in cold dilute sodium carbonate but dissolves with a 
dark claret colour on warming. It is immediately soluble in cold 
dilute sodium hydroxide. It seems probable that this substance 
is the p-nitrophenylhydrazone of -4-aldehydo-1 : 2-hydroxyphthalide 


and has the constitution NO,\C,HyNjH:CH-C,H,<CH(OH)s o 


(Found: C, 57-5; H, 3-8; N, 13-5. C,5H,,0;N, requires O, 
575; H, 3-5; N, 13-4%). This substance exhibits a curious 
behaviour in the melting-point tube, the reason for which is not 
clear. Having shrunk somewhat at 205—210°, it melts at 221— 
223°, solidifying almost at once and melting at 236—237°: after 
it has again solidified, its m. p. is about 180°. If p-nitropheny]l- 
hydrazine and dialdehydobenzoic acid, both dissolved in glacial 
acetic acid, are mixed, an orange powder separates which is only 
slowly hydrolysed by sodium hydroxide, melts at 235°, and appears 
to be an acetyl derivative of the above substance (Found: OC, 
97:5; H, 3-7; N, 11-8. C©,,H,,0,N, requires C, 57-5; H, 3-7; 
N, 118%). Lastly, if the condensation is performed in hot nitro- 
benzene solution, a substance is obtained in small, orange prisms, 
m. p. 295° (decomp.), which is evidently the dinitro-derivative 
of the anhydro-diphenylhydrazone, 
CH:N 


-CsH,'N,H:CH-C,H 
Dope e Re CHC, S60.24-C,H,-NO, 


(Found: N, 19-2. C,,H,,0;N, requires N, 19-5°). 

Pentachloro-2 : 4-dimethylbenzoyl Chlorides, CCl,*C,H3(CHCI,)-COCI 
and CHCl,°C,H,(CCl,)*COCl—The introduction of five atoms of 
chlorine into 2:4-dimethylbenzoyl chloride (61 g.) is complete 
in about 3} hours under the influence of ultra-violet light, the 
temperature towards the end of the process being raised to 220° 
and the chlorination being conducted in the apparatus described 
on p. 2289. On distillation, no fractionation was accomplished, 
as the whole boiled between 188° and 192°/14 mm. Redistillation 
yielded a viscid, colourless liquid, b. p. 191—192°/14 mm., in a 
yield of 60—70% (Found : Cl, 62:7. C,H,OCI, requires Cl, 62-5%). 
As it was expected that this fraction would prove to be a mixture 
of the chlorides figured above, it was decided that the best evidence 
on this point would probably be obtained by the study of the 
behaviour of the supposed mixture on hydrolysis with chalk and 
water. The pentachlorinated acid chloride (120 g.) was boiled | 
with excess of chalk and water in the usual manner for 12 hours, 
when, on cooling and acidifying, a crystalline mass separated 
immediately; this was filtered off and the filtrate (A) reserved for 
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further examination. The mass after two recrystallisations from 
acetic acid, in which it was only sparingly soluble in the cold, 
melted at 237° and consisted of 2-aldehydoterephthalic acid. The 
melting point was raised to 242° by dissolving in dilute sodium 
hydroxide and then adding excess of dilute hydrochloric acid ; 
the clear solution, on standing over-night, had deposited long, 
glistening needles of the pure dibasic aldehydo-acid (Found: 
C, 55-9; H, 3-2. C,H,O, requires C, 55:7; H, 3-1%). Titration: 
0-1636 required for neutralisation 16-8 c.c. of N/10-NaOH, 
whereas this amount of a dibasic acid, C,H,O;, should neutralise 
16-8 c.c. 

The conversion of 2-aldehydoterephthalic acid into the corre- 
sponding alcohol and acid by the action of alkalis does not proceed 
so readily as in the case of 4-aldehydo-1 : 2-phthalide (p. 2279), 
since it was found necessary to boil with 25% sodium hydroxide 
to complete the decomposition. On acidifying the cold solution, 
a colloidal mass separated which was difficult to filter and, on 
dissolving the mass in boiling alcohol and allowing to cool slowly, 
a crystalline mass separated which melted at 280° and consisted 
of 4-carboxy-1 : 2-phthalide, since a mixed melting point with a 
specimen of this substance obtained as described on iY 2291 showed 
no depression. 

Anhydro-2-aldehydoterephthalic acid phenylhydrazone, 


CO,H:C,H, 


is obtained by adding phenylhydrazine to the aqueous solution of 
the acid, and crystallises from alcohol in colourless clusters of 
prisms, m. p. 326—327°. This high melting point coupled with 
the absence of colour is in harmony with a derivative of tere- 
phthalic acid and the presence of the opiazone ring (Found : C, 68-1; 
H, 3-9; N, 10-4. C,,H,)0,N, requires C, 67-7; H, 3:8; N, 10-5%). 
On titration, 0-0730 required 2-8 c.c. of N/10-NaOH for neutral- 
isation, whereas this amount of a monobasic acid, C15H 1993 No, 
should neutralise 2-74 c.c. 

2-Aldehydoterephthalic Acid Oxime, CO,H:C,H,(CH:N:OH)-CO,H, 


and the Imide of Trimellitic Acid, CO,H-C,H,<¢)>NH.—When 


the aldehydo-acid (0-5 g.) is mixed with a concentrated aqueous 
solution of hydroxylamine hydrochloride (1 g.) and a little alcohol 
(3 ¢.c.), the crystals soon change into a thick precipitate of the 
oxime, which is difficult to recrystallise but separates from alcohol 
as a rather indefinitely crystalline powder (Found: C, 51-1; H, 
3-6; N, 6:3. C,H,O;N requires C, 51:7; H, 3:3; N, 67%). On 
titration: 0-0839 required 8-2 c.c. of NV /10-NaOH for neutral- 
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Risation, whereas this amount of a dibasic acid, CyH,O;N, should 
neutralise 8-03 c.c. 
_ This oxime decomposes at about 136° with a slight puff and 
the melt almost immediately solidifies and melts again at about 
242°. The substance so formed crystallises from water in needles, 
m. p. 248—249°, and has all the properties of the imide of trimellitic 
acid, a small specimen of which was prepared from trimellitic acid 
for comparison. 

4-Aldehydo-1 :2-phthalic Acid, CHO-C,H,(CO,H):CO,H.—The 
filtrate A (see above) from the 2-aldehydoterephthalic acid was 
extracted several times with ether and the ether removed, when 
a colourless, seemingly amorphous residue was obtained which 
contained 2 : 4-dialdehydobenzoic acid, trimellitic acid, and 4-alde- 
hydophthalic acid. We were unsuccessful in our efforts to obtain 
the last acid in a state of purity, but it was easily identified by 
means of the phenylhydrazone. Addition of phenylhydrazine to a 
dilute acetic acid solution of the mixed acids soon precipitates a 
mixture of phenylhydrazones, on warming, which are partly soluble 
in dilute ammonia. 

When the mixture was extracted with this reagent, anhydro- 
2 : 4-dialdehydobenzoic acid diphenylhydrazone (p. 2292) remained 
undissolved and was filtered off, and the weight of this showed 
that 2:4-dialdehydobenzoic acid must have been present to the 
extent of 25% of theory calculated on the original chlorinated 
chloride. The filtrate, on acidifying, deposited a gelatinous mass 
very difficult to filter and, when this was extracted with boiling 
water, the filtered extract deposited, on cooling, yellow nodules 
which melted at 118° and at the same time lost water and turned 
red. Analysis indicated that this substance is the hydrate of the 
_phenylhydrazone of 4-aldehydophthalic acid (Found: OC, 60-4; 
H, 4-7; N, 9-7. C,,;H,.0,N,,H,O requires C, 59-6; H, 4:6; N, 
93%). If this hydrate is exposed in a vacuum desiccator over 
sulphuric acid until the weight is constant, the mass melts at 174° 
with loss of water and is evidently the phenylhydrazone of 4-alde- 
hydophthalic acid (Found: C, 63-4; H, 4:7; N, 9-7. C,,H,,0,N, 
requires C, 63-4; H, 4:2; N, 9-9%). 
_ When this substance is heated in the air-oven at 115°, it loses 
a molecule of water and is converted into the corresponding phthalic 
anhydride, an orange-red powder, m. p. 216—217°, which is not 
soluble in sodium carbonate (Found : C, 67:1; H, 3-7. © ,;H,)03N, 
requires C, 67-7; H, 3-8%). 

2 : 4-Di(trichloromethyl)benzoyl Chloride, CCl,*C,H3(CCl,)*COCI, and 
2 : 4-Di(trichloromethyl)benzoic Acid.—The above ‘acid chloride is 
obtained from 2:4-dimethylbenzoyl chloride by introducing 6 


M 
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chlorine atoms in the usual manner (compare p. 2289) and is a 
colourless oil, b. p. 192—196°/15 mm., which does not fume in 
moist air (Found : Cl, 65-2. CyH,OCI, requires Cl, 65-9%). Formic 
acid does not react with this acid chloride at all readily and, in 
order to being about hydrolysis and ensure that the decomposition 
was confined to the acid chloride group, it was found necessary to 
leave the mixture of the chloride and anhydrous formic acid for 
about 2 weeks with occasional shaking and warming to, but not 
above 60°. The solid was collected and recrystallised from petrol- 
eum, from which 2 : 4-di(trichloromethyl)benzoic acid separated in 
colourless needles, m. p. 170—171° (Found: Cl, 58-8. C,H,O,Cl, 
requires Cl, 59-6%). 

The anilide, obtained from the acid chloride by adding aniline 
to the solution in benzene, separates from alcohol, in which it is 
sparingly soluble, in colourless prisms, m. p. 202—203° (decomp.) 
(Found: Cl, 48-9; N, 3-4. C,;H,ONCl, requires Cl, 49-3; Ne 
3°3%). 

The amide, obtained by passing dry ammonia through the acid 
chloride dissolved in dry benzene, at the laboratory temperature, 
was collected, washed free from ammonium chloride, and crystallised 
from benzene, from which it separated in colourless needles which 
shrank at 165° and melted at 175—176° with evolution of hydrogen 
chloride (Found: Cl, 59-3. -CsH;ONCI, requires Cl, 59-8%). 

The methyl ester, obtained by boiling the chloride with methyl 
alcohol, is a thick, colourless liquid, b. p. about 210°/15 mm. 
Although odourless when cold, it becomes pungent and lachrymatory 
on warming (Found: Cl, 56-7. CyH,O,Cl, requires Cl, 57-4%). 
The usual decomposition takes place on heating this ester to boiling 
and 4-trichloromethyl-1 : 2-phthalyl chloride is formed, a colourless 
liquid which distils at 186—187°/12 mm. and has a rather pleasant 
odour (Found: Cl, 55-6. C,H,0,Cl; requires Cl, 55:-4%). The 
fact that this substance does not fume in moist air and that i 
does not appear to be attacked by anhydrous formic acid to yield 
the corresponding substituted 4-trichloromethylphthalic acid, rather 
suggests the unsymmetrical formula. On the other hand, the 
addition of aniline to the solution in benzene causes the separation 
of a dianilide of the probable constitution CCl,C,H;(CO-NHPh),. 
This separates from alcohol, in which it is only sparingly soluble 
even on boiling, in minute colourless needles, m. p. 220° (Found : 
Cl, 24-8; N, 6-5. ©,,H,,0,N,Cl, requires Cl, 24-7; N, 65%). 
It is curious that, whilst 2 : 4-di(trichloromethyl)benzoyl chloride 
is so resistant to hydrolysis by formic acid, it is readily decom- 
posed by boiling with chalk and water under the usual conditions 
(p. 2290). On concentrating the solution of the calcium salt and 
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acidifying with a large excess of hydrochloric acid, trimellitic acid, 
“m. p. 226—227°, is obtained in almost theoretical] yield. On 
_ titration: 0-05 required 16-0 c.c. of 0-0444 N -Ba(OH), for neutral- | 
_isation, whereas this amount of a dibasic acid, C,H,O,, should 
_heutralise 16-06 c.c. The calcium salt. In one experiment, the 
| concentrated product of the hydrolysis of the hexachlorobenzoyl 
chloride with chalk was mixed with insufficient hydrochloric acid, 
_when, on standing, a highly characteristic calcium salt separated 
in feathery needles [Found: Ca, 22-4. (C5H,0,),Caz requires 
Ca, 22-4%). This salt, which does not appear to have been de- 
scribed, is very sparingly soluble in boiling and almost insoluble 
. in cold water. 
The authors desire to thank the Chemical Society for a grant 
which has partly covered the cost of this investigation. 
_ Tse Dyson Perrins Laporatory, 
OXFORD. [Recewed, July 20th, 1925.] 


CCCXIV.—Synithesis of Substituted 4-Keto-1:2:3:4- 

3 tetrahydroquinolines and an Alttemt to Synthesise 
4-Keto-1 :2:3:4-tetrahydroisoquinoline. 

‘By Grorcr Roger Cremo and Wi11aM Henry PERKIN, jun. 


In the first part of this research (J., 1924, 125, 1608) it was shown 
‘that toluene-p-sulphonanilide condenses with 6-chloropropionic 
acid to give the toluene-p-sulphony]l derivative of 6-anilinopropionic 
acid, NPh(SO,-O,H,Me)-CH,°CH,-CO,H (1) and that this, on treat- 
‘ment with phosphoric oxide, yields the toluene-p-sulphony]l derivative 
of 4-keto-1:2:3: 4-tetrahydroquinoline * (II), from which the 
base itself (IIT) is obtained on hydrolysis. When, however, (1) is 
digested with phosphoryl chloride, the toluene-p-sulphony] derivative 
of 3-chloro-4-ketotetrahydroquinoline (IV) is obtained as the result 
of combined ring closure and chlorination. 


N-SO, Xt NH N-SO,X 
va 4Nc CH. 

B cH, “YE Sng Dies A Pip oe, 
aN 2 \ 76 9 / CHCl 
CO (rz) CO (IIL) CO (IV.) 


_ The formation of the chlorinated derivative (LV) and the fact that 
this is reduced to (III) with elimination of the toluene-p-sulphonyl 


* Previously named 4-tetrahydroquinolone. 
t The abbreviation -SO,X is used throughout for ~SO,-C,H,Me. 
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group merely by heating with hydrochloric acid are very difficult to 
understand. It was mainly with the view of discovering some 
explanation for this remarkable decomposition that we decided to 
prepare other cases of a similar kind, and the result of this investi- 
gation is described in the present communication. In the first 
place, the three isomeric toluene-p-sulphonyl-8-toluidinopropionic 
acids of the type C,H,Me-N(SO,X)-CH,°CH,°CO,H were prepared 
without difficulty from o-, m-, and p-toluidine by a process similar 
to that described in detail in the former communication. When the 
o-methyl derivative (Ia) was treated with phosphoryl chloride under 
the conditions previously used in the case of toluene-p-sulphonyl- 
8-anilinopropionic acid (I), a complex mixture was obtained from 
which a small amount of 4-keto-8-methyl-1 : 2:3 : 4-tetrahydro- 
quinoline (V; m. p. 92°) was isolated directly, together with a 
considerable quantity of a substance (VI, m. p. 147°), the analysis 
of which indicates that it is the toluene-p-sulphonyl derivative 
of (V). 


Me N-SO,X 
(V.) vy Nou, os CAs (VI.) 
m4 CO” CH, Ne CH, 


(VII.) (0)C,H,Me-NH-CH,-CH,-CO-NH-C,H,Me(o) 


The substance (VI) exhibits very remarkable properties. When 
it is boiled with a mixture of acetic and hydrochloric acids, it is 
hydrolysed to o-toluidine and 6-o-toluidinopropionic acid, 

C,H,Me-NH-CH,°CH,:CO,H, 
and when treated with concentrated sulphuric acid, (VI) yields 
8-o-toluidinopropiono-o-toluidide (VII, m. p. 126°), formed evi- 
dently by the condensation of the substances just mentioned, and 
the constitution of which is demonstrated by the fact that it is 
produced when the acid chloride of (Ia) is condensed with o-toluidine 
and the product hydrolysed with concentrated sulphuric acid. 

If then (V1) represents the constitution of the substance of m. p. 
147°, it is clear that, for some reason difficult to understand, 
scission of the ketotetrahydroquinoline ring must have taken place 
during the hydrolysis to the substances mentioned above. 

The investigation of the behaviour of tolwene-p-sulphonyl-B-m- 
toluidinopropionic acid (VIIL), m-C,H,Me-N(SO,X)-CH,°CH,°CO,H, 
towards phosphoryl chloride has given results very different from 
those just decribed in the o-series. 

In these circumstances, this acid behaves like toluene-p-sulphonyl- 
8-anilinopropionic acid (I; see p. 2297), yielding 3-chloro-derivatives, 
and, as might be expected, ring formation takes place in two 
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directions with the formation of the substances (IX) and (X) melting 
at 138° and 100°. 


: y Wy aia N-SO,X 
: Ae 
mm (1X.) aoe , aie corm Af Ms OD dt i Nie, (X.) 
RN ACE 
Me CO 


These isomeric tolwene-p-sulphonyl-3-chloro-4-keto-5- and -7-methyl- 
(1:2:3:4-tetrahydroquinolines are both hydrolysed and reduced 
on boiling with hydrochloric acid, yielding 4-keto-5- and -7-methyl- 
1:2:3:4-tetrahydroquinolines (XI) and (XII) melting at 109° 
and 105°. 


NH NH N-SO,X. 
Meg “Nou, aa: ra 
\/\ 7082 NN CH \ /Ob2 
Me CO CO 
(XI.) (XII.) (XIII.) 


and these yield tolwene-p-sulphonyl derivatives (XIII) melting at 
98° and 136° respectively. With regard to the constitutions of 
these substances derived from m-toluidine, there is not sufficient 
evidence to enable us to assign definitely either formula (IX) or 
(X) to the toluene-p-sulphonyl-3-chloroketomethyltetrahydro- 
quinoline of m. p. 138°. But it is significant that this substance 
is the main product of the ring closure, being present to the extent 
of 90% in the product of the action of phosphorus oxychloride on the 
substituted propionic acid. 

In attempting to decide difficult questions of this kind, it must be 
remembered that ring closure in the benzene ring is, in fact, substitu- 
tion and therefore the direction of ring closure should follow the 
rules which govern substitution. The tendency in the present case 
is probably to close the ring in the p-position to the methyl group, 
the o-closure being subsidiary. For this reason, the substance, 
m. p. 138°, produced in a yield of 90% is presumed to be (IX), 
in which case the isomeride, m. p. 100°, will be (X). The keto- 
methyltetrahydroquinoline, m. p. 109°, is then (XI) and the 
isomeride, m. p. 105°, is (XII). It may be mentioned that this 
View is borne out by other cases of a similar kind; thus, for example, 
m-toluidine is converted by the Skraup reaction mainly into 
7-methylquinoline, and m-methoxyphenylhydrazine and acetone 
yield, by the Fischer synthesis, 6-methoxy-2-methylindole (com- 
pare Malkin and Robinson, this vol., p. 370). 

Toluene-p-sulphonyl-8-p-toluidinopropionic acid (compare p. 2304) 
Was next prepared and its behaviour on treatment with phosphoric 


/ 
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oxide and oxychloride carefully investigated, when it was found ~ 
that it yielded in the first case toluene-p-sulphonyl-4-keto-6-methyl- _ 
1:2:3:4-tetrahydroquinoline (XIV), whereas it was converted by 


the oxychloride into the 3-chloro-derivative of this substance (XV). 


On boiling with dilute hydrochloric acid, both these substances _ 


yield 4-keto-6-methyl-1 :2:3:4-tetrahydroquinoline (XVI, m. p. 86°), 


and the chloro-derivative is converted by boiling with alcoholic — 


potassium hydroxide into 4-methory-6-methylquinoline (XVII, 
m, p. 51°). 


N-SO,X ne NH 
Pha TE YG a M (YG (XVI.) 
A \ Jie “\A\ Zi 
GO ach CO 
W-SO,X N 
XV.) M a alc. KOH M ( YoSea (XVIT.) 
\/\ (CHG AN es 
CO (“OMe 


The behaviour of toluene-p-sulphonyl-8-p-toluidinopropionic acid 
during the course of this series of changes is therefore exactly similar 
to that of the corresponding 6-anilino-derivative, described in detail 
in the earlier communication (loc. cit., pp. 1609—1611). 

The last series of experiments deals with the formation of methoxy- 
and ethoxy-derivatives of 4-keto-1: 2:3: 4-tetrahydroquinoline 


from p-anisidine and p-phenetidine, and was undertaken in order to © 


determine whether the methoxy- or ethoxy-group has any con- 
siderable influence on the ease with which ketotetrahydroquinoline 
ring formation takes place. T'oluene-p-sulphonyl-B-p-anisidino- 
propionic acid (XVIII), p-MeO-C,H,°N(SO,X)-CH,°-CH,°CO,H, pre- 
pared from toluene-p-sulphonanisidide and §-chloropropionic acid 
in the usual manner, yielded on treatment with phosphoric oxide 
toluene-p-sulphonyl-6-methoxy - 4 - keto-1:2:3 : 4 -tetrahydroquinoline 
(XIX), from which 6-methoxyketotetrahydroqguinoline (XX, m. p. 
112°) was obtained by hydrolysis with acids. 


N-S0,X 
Hosea rags OE 
(VEIL) > Mel he Ve MeO\ Ag 
(XIX.) |} CO (KX.) 


That the methoxy-group has an influence on the mechanism of ring 


closure, different from that exerted by the methyl group, was shown 


by the behaviour of toluenesulphonylanisidinopropionic acid on — 


| 
4 
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treatment with phosphorus oxychloride, since the product, instead 
of consisting entirely of toluene-p-sulphonyl-3-chloro-6-methoxy- 
4-ketotetrahydroquinoline (compare XV), contained only about 10% 
of this substance, the remainder consisting of the unchlorinated 


_ substance (XIX). 


A similar series of observations was made in the case of ftoluene- 
p-sulphonyl-8-p-phenetidinopropionic acid, 
EtO-C,H,N(SO,X)-CH,-CH,-CO,H ; 
this substance, on treatment with phosphorus pentoxide, yields 


4 toluene-p-sulphonyl-6-ethoxy - 4. - keto -1:2:3:4- tetrahydroquinoline, 


from which the corresponding ethoxyketotetrahydroquinoline (m. p. 
60°) is obtained on hydrolysis, whereas treatment with phosphorus 
oxychloride converts the acid into a mixture consisting mainly of 


_ the above toluene-p-sulphony] derivative and containing only a small 


quantity of the corresponding 3-chloro-derivative. 

It is interesting that these methoxy- and ethoxy-derivatives may 
be hydrolysed by hydrochloric acid to the corresponding hydroxy- 
derivatives; thus 6-methoxy-4-ketotetrahydroquinoline (XX) is 
converted by hydrochloric acid at 170° into 6-hydroxy-4-ketotetra- 
hydroquinoline, which crystallises in deep yellow plates, m. p. 164°, 
and dissolves in sodium carbonate to a deep yellow solution. 

The 3-chloro-derivatives produced by the action of phosphoryl 


chloride on toluene-p-sulphonyl-f8-anilinopropionic acid and _ its 


substitution derivatives are readily distinguished from the corre- 


sponding unchlorinated substances by the fact that, whereas the 
former dissolve in strong sulphuric acid with intense violet colora- 


tions, hydrogen chloride being evolved, the solutions of the latter 


a 


are colourless. A quantitative yield of the ketotetrahydroquinoline 
may be obtained from these colourless solutions, but in the case of 


_ the violet solutions the yield is generally only 80%, the remainder 
_ consisting of complex substances the nature of which has not been 
determined. 


That these 3-chloro-derivatives should be formed at all under 


_ the conditions employed * is very difficult to understand, and that 
the chlorine atom in the 3-position should be so labile that it is replaced 
by hydrogen on treatment with hydrochloric acid is apparently 
without precedent. That the chlorine atom in the group 


—CO-CHCI-CH,N< 


should be extremely reactive is in accordance with experience, since 
_the bromine atom in the somewhat analogously constituted sub- 
_ stance CH,°CO-CHBr-CO, Ft, for example, is readily reduced by cold 


* That the formation of these chloro-derivatives is not due to the presence 


_ of pentachloride in the oxychloride was proved by experiments conducted 
with specially purified material. 
| 
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hydriodic acid, but the only case in which it has been observed that a 
halogen atom is replaced by hydrogen by the action of hydrogen 
chloride appears to be that recently recorded by Ridgway and 
Robinson (J., 1924, 125, 214), who showed that 8-ethoxy-2-phenyl- 
benzopyrylium chloride is obtained from ethoxysalicylaldehyde and 
either acetophenone or w-bromoacetophenone, C,H,;*CO-CH,Br, by 
treatment with hydrogen chloride. 

During the course of this investigation, attempts were made to 
obtain derivatives of 4-ketotetrahydroisoquinoline corresponding 
to the 4-ketotetrahydroquinoline derivatives described in the 
preceding pages. T'oluene-p-sulphonbenzylamide yielded, on con- 
densation with sodium chloroacetate, tolwene-p-sulphonylbenzyl- 
aminoacetic acid (m. p. 138°), 

C,H;‘CH,-NH-SO,X + CH,Cl-CO,Na —> 
C,H,;-CH,*N(SO,X)-CH,-CO,H —> 


CH, CH, 
etta 6tt4 
5S a CH, 5. / CH, 
CO CO 


but all attempts to bring about the ring closure sketched above 
by the action of phosphoric oxide or phosphoryl chloride on the acid 
or of aluminium chloride on the acid chloride were unsuccessful. 


EXPERIMENTAL. 


Toluene-p-sulphonyl--o-toluidinopropionic Acid.* — Toluene-p- 
sulphon-o-toluidide (52-2 g.) was dissolved by warming in sodium 
hydroxide (100 c.c. of 8%), a solution of $-chloropropionic acid 
(22 g.) in sodium hydroxide (100 c.c. of 8%) added, and the mixture 
gently refluxed for 4 hours, during which some of the sulphon- 
o-toluidide separated as an oil. Water was added and the mixture 
cooled with stirring until the oily precipitate set to a granular, 
crystalline mass, which was filtered off, the filtrate acidified, and the 
colourless gum left over-night, when it had solidified. The solid 
dissolved completely in hot dilute sodium carbonate but, on cooling, 
some toluene-p-sulphon-o-toluidide, which is insoluble in cold 
sodium carbonate, separated. This was filtered off (total recovered 
= 27-5g.), the filtrate acidified, the precipitate, which soon solidified, 
collected, washed with water, and dried on the steam-bath, when 
28-5 g. of almost pure toluene-p-sulphonyl-p-0-toluidinopropionic 
acid resulted. This acid separated from a little benzene in colourless 


* The same molecular quantities and procedure were employed in all the 
similar condensations described in this communication. 


i 
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prisms, m. p. 127—128° (Found: C, 61-5; H, 5-7. C,,H,,0,NS 


requires C, 61-3; H, 5-7%). 
Action of phosphoryl chloride. The acid (20 g.) was heated with 


phosphoryl chloride (60 c.c.) at 100° for 15 minutes, the excess of 


acid chloride removed under reduced pressure, and the gummy 
residue treated with ice and water and then warmed on the steam- 
bath for a few minutes. After cooling, the pale yellow aqueous 
solution was decanted from the gum (A) and made alkaline, when a 
small amount of a pale yellow solid separated which was collected, 


‘dried, and crystallised from light petroleum, from which yellow 


prisms of 4-keto-8-methyl-1 : 2:3: 4-tetrahydroquinoline (V), m. p. 
92°, separated (Found: C, 74:7; H, 6-9. C,)9H,,ON requires. 
C, 74-5; H, 68%). This substance is readily soluble in acids and 
also in alcohol or benzene to give solutions which have a green 
fluorescence. The gum (A) was warmed with dilute sodium carbon- 
ate, and after standing, the aqueous layer was decanted from the 
undissolved material and acidified, when a considerable quantity 
of toluenesulphonyltoluidinopropionic acid separated. The undis- 
solved substance was crystallised from alcohol, when small prisms 
of the toluene-p-sulphonyl derivative of 4-keto-8-methyl-1 :2:3:4- 
tetrahydroquinoline (VI), m. p. 147—148°, separated (Found : 
C, 64:6; H, 5-4. C,,H,,0,NS requires C, 64:7; H, 5-4%). When 
this substance (1 g.) was dissolved in sulphuric acid (5 c.c.), the 
solution left over-night at the ordinary temperature, and poured 
on to ice and made slightly alkaline with sodium hydroxide, a 
colourless substance (about 0:4 g.) separated which crystallised from 
benzene-ligroin in colourless prisms, m. p. 126° and proved to be 
8-0-toluidinopropiono-o-toluidide (VII) (Found : C, 76-0; H, 7-6; N, 
10°5. C,,H. ON, requires C, 76:1; H,7:5; N,10-4%). The toluene- 
p-sulphonyl derivative of (VII) was synthesised in good yield by 


treating the acid chloride of toluene-p-sulphonyl-§-0-toluidinopro- 


pionic acid (Ia, from the acid and thionyl chloride) with o-toluidine.. 


This substance is hydrolysed by cold concentrated sulphuric acid. 
_to give (VII), and boiling with hydrochloric acid converts it into. 


o-toluidine and £-o0-toluidinopropionic acid. 
Toluene-p-sulphonyl-8-m-toluidinopropionic Acid (VIII).—This 


acid was prepared exactly as described in the case of the isomerie 


8-o-derivative; it dissolves readily in organic solvents and separates: 
from benzene in stout, colourless prisms, m. p. 103° (Found : 


We, 61-4; H, 5-7. C,,H,,0,NS requires C, 61-3; H, 5:7%). The: 


yield was 19 g., and 35 g. of the sulphonyl-m-toluidide were recovered. 
_ Action of phosphoryl chloride. Toluene-p-sulphonyl-$-m-toluidino- 
propionic acid (VIII; 6 g.) was treated with phosphoryl chloride: 


(20 ¢.c.) and the product worked up exactly as described in the: 
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case of the corresponding o-acid. The substance insoluble in sodium 
carbonate was dissolved in a little methyl alcohol, when, on cooling, 
colourless prisms were quickly deposited which, after about 2 hours, 
were collected (filtrate A) and recrystallised from methyl alcohol, 
from which the substance separated in well-defined prisms, m. p. 
138° (Found : Cl, 10-3. C,,H,,0,NCIS requires Cl, 10-2%). 

Toluene-p-sulphonyl-3-chloro-4-keto-7-methyl-1 : 2:3 : 4-tetrahydro- 
quinoline (IX) dissolves in sulphuric acid to an intense violet 
solution and when hydrolysed with a boiling mixture of acetic and 
hydrochloric acids (loc. cit., p. 1616) gives an almost quantitative 
yield of 4-keto-7-methyl-1:2:3: 4.tetrahydroquinoline (XI), which 
crystallises from benzene-ligroin in bright yellow leaflets, m. p. 109° 
(Found: C, 74:5; H, 6-8. ©, H,,ON requires C, 74:5; H, 6-8%). 

This substance is readily soluble in alcohol, giving a yellow solution 
with a pale green fluorescence, and, when treated with toluene- 
p-sulphonyl chloride, the tolwene-p-sulphonyl derivative, 1.¢., the 
unchlorinated analogue of (IX), is obtained; this separates from 
alcohol in rhombic prisms, m. p. 98°, and dissolves in sulphuric acid 
to an almost colourless solution (Found: N, 4:4. C,,H,,0;N8_ 
requires N, 4:-4%). 

The filtrate (A) contained the toluene-p-sulphonyl derivative of 
3-chloro-4-keto-5-methyl-1 : 2:3 :4-tetrahydroquinoline (X; 0-29 g.) 
and, on standing, this gradually separated in colourless plates, 
which were recrystallised from ligroin and melted at 98—100° 
(Found: Cl, 10-3.. C,,H,,O,NCIS requires Cl, 10:1%). This 
substance gives the characteristic violet colour with sulphuric acid 
and is hydrolysed by acids to 4-keto-5-methyl-1 : 2:3 : 4-tetrahydro- 
quinoline (XII), which crystallises from ligroin in long, yellow 
prisms, m. p. 104—105° (Found: C, 74:8; H, 7-0. C,)5H,,0N 
requires C, 74:5; N, 6:8%). 

The toluene-p-sulphonyl derivative of this base crystallises from 
ligroin-benzene in long, almost colourless prisms, m. p. 136°, and 
dissolves in sulphuric acid without colour. 

Toluene-p-sulphonyl--p-toluidinopropionic Acid.—This acid, pre- 
pared in the usual manner, separated from benzene in thin, colourless 
prisms, m. p.116—117°. When it (6-6 g.) was treated with phosphorie 
oxide (5:6 g.) and xylene (50 ¢.c.) (compare loc. cit., p. 1615), toluene- 
p-sulphonyl-4-keto-6 - methyl -1 22:3: 4- tetrahydroquinoline (XIV) 
resulted; this separated from alcohol in colourless prisms, m. Dp: 
136—137° (Found : N, 4:3. C,,H,,0,NS8 requires N, 4:4%). 

This substance dissolves in sulphuric acid to an almost colourless 
solution and is hydrolysed by acids quantitatively to 4-keto-6-methyl- 
1:2:3: 4-tetrahydroquinoline (see below). 

When the 8-p-acid, m. p. 116—117° (20 g.) was treated with 
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phosphoryl chloride (60 c.c.) in the usual manner (compare p. 2303), 
and the product insoluble in sodium carbonate crystallised from 
alcohol, toluene-p-sulphonyl-3-chloro-4-keto-6-methyl-1 : 2:3 : 4-tetra- 
hydroquinoline (XV) separated in well-defined, colourless, glistening 
prisms, m. p. 176—177° (Found : Cl, 10-2. C,,H,,0,NCIS requires 
Cl, 10-2%). 

This substance dissolves in sulphuric acid, with evolution of 
hydrogen chloride, to an intense purple solution and, on boiling with 
acetic and hydrochloric acids, undergoes hydrolysis, yielding 
4-keto-6-methyl-1 : 2:3 : 4-tetrahydroquinoline (XVI), which crystal- 
lises from benzene-ligroin in yellow plates, m. p. 85—86° (Found : 
C, 74:8; H, 6:8. Ci >H,,ON requires C, 74:5; H, 6:8°%). a Uhis 
substance is readily soluble in dilute acids and in most organic 
solvents, giving the usual green fluorescent solutions. It yields a 
3-benzylidene derivative, which crystallises from methyl alcohol in 
thin, yellow prisms, m. p. 224—225° (Found: C, 81-6; H, 5-9. 
C,,H,;ON requires C, 81:9; H, 56%). This derivative readily 
combines with two atoms of bromine, and when the dibromide is 


‘refluxed with methyl-alcoholic potassium hydroxide, hydrogen 


bromide is removed and a monobromo-derivative is obtained which 
crystallises from alcohol in stout, colourless prisms, m. p. 194—195°, 
and gradually dissolves in dilute alkali (Found: C, 62:4; H, 4-4; 
Br, 24:1. C,,H,,ONBr requires C, 62-2; H, 4-3; N, 24-4%). 

4- Methoxy-6-methylquinoline (XVII).—The chloro-derivative (20 
g.) was refluxed for 16 hours with methyl-alcoholic potassium 
hydroxide (75 c.c. of 20%), the alcohol removed, water added, the 
oily base extracted with benzene, dried over potassium hydroxide, 
and fractionated, when 8 g. passed over at 185°/18 mm. and 
crystallised; it separated from ligroin (b. p. 60—80°) in needles, 


-m. p. 51° (Found: C, 76:0; H, 6-4. C,,H,,ON requires C, 763; 


H, 63%). 

Toluene-p-sulphonyl-8-p-anisidinopropionic Acid (XVIII).—This 
acid was prepared from toluene-p-sulphonanisidide and £-chloro- 
propionic acid and crystallised from benzene in small, colourless 


‘prisms, m. p. 81—82° (Found: C, 58-4; H, 5:5. C,,H,,0;NS 
Tequires C, 58:5; H, 54%). Treated in xylene solution with 


phosphoric oxide under the conditions described in detail in the 
previous communication (loc. cit., p. 1616), it yielded toluene 
p-sulphonyl-6-methoxy-4-keto-1 : 2: 3: 4-tetrahydroquinoline (XIX), 
which separated from alcohol in colourless prisms, m. p. 124—125° 
(Found: N, 4:3. C,,H,,0,NS requires N, 4:2%). This substance 
dissolves in sulphuric acid to a colourless solution and is hydrolysed 
by acids to 6-methoxy-4-keto-1 : 2:3 :4-tetrahydroquinoline (XX; 
see below). 

VOL. CXXVI. 4H 
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When the acid (XVIII) (20 g.) was digested with phosphoryl 
chloride under the usual conditions, and the product insoluble in 
sodium carbonate boiled with a little methyl alcohol and filtered 
from about 0-5 g. of insoluble material (Y), the filtrate deposited 
8-5 g. of a substance which, on recrystallisation, separated in colour- 
less prisms, m. p. 115—120°. Analysis indicated that this substance 
was a mixture of about 90% of the substance (XIX) with about 
10% of the corresponding 3-chloro-derivative (compare p. 2300). 

When this mixture was hydrolysed with acids, it gave a large 
yield of 6-methoxy-4-keto-1:2:3: 4-tetrahydroquinoline, which 
crystallised from benzene—ligroin in bright yellow prisms, m. p. 112° 
(Found : CO, 67-8; H, 6:3. C4)H,,0.N requires C, 67°8;' H, 62%). 

This substance is a strong base and dissolves readily in most 
organic solvents to give deep yellow solutions exhibiting a green 
duorescence. The substance (Y), sparingly soluble in alcohol, 
separates from acetic acid in colourless prisms, m. p. 235° (Found : 
C, 58:3; H, 4:2; N, 4:2; Cl, 9°8. C,7H,,03NCIS requires C, 58-4; 
H, 4:2; N, 4:0; Cl, 92%). This analysis suggests that this sub- 
stance may be toluene-p-sulphonyl-3-chloro-6-methoxydihydroquino- 
line, but the amount available was too small for further investigation. 
It dissolves in sulphuric acid to a colourless solution with an intense 
pale blue fluorescence. 

Toluene-p-sulphonyl-B-p-phenetidinopropronic Acid (compare 
XVIII).—Prepared from toluene-p-sulphonphenetidide and (-chloro- 
propionic acid, this acid crystallises best from 75% methyl alcohol, » 
in colourless, well-defined prisms, m. p. 97° (Found : C,° 59:3 58 
H, 6-0. C,,H,,0,NS requires C, 59-5; H, 58%). On treatment 
with phosphoric oxide, it yields a small amount of toluene-p-sulphonyl- 
6-ethoxy-4-keto-1:2:3: 4-tetrahydroquinoline, which separates from 
methyl alcohol in rectangular prisms, m. p. 114—115° (Found : 
CG, 62:2; H, 5:5. C,sH,,0,NS requires C, 62-6; H, 5:59/{).0 Lhe 
substance gives a colourless solution in sulphuric acid. When the 
phenetidinopropionic acid was treated with phosphoryl chloride, 
it yielded a small amount of a substance, m. p. 232°, sparingly 
soluble in alcohol which clearly corresponds with the substance (Y) 
described above but was not further examined. The alcoholic 
filtrate deposited a crystalline substance melting approximately at 
100° which was again a mixture consisting mainly of toluene- 
p-sulphonyl-6-ethoxy-4-keto-1 : 2:3: 4-tetrahydroquinoline and 
containing a small proportion of the corresponding 3-chloro-deriv- 
ative. When this mixture was hydrolysed by hydrochloric acid, 
it yielded 6-ethory-4-keto-1:2: 3 : 4-tetrahydroquinoline, which 
separated from benzene-ligroin in canary-yellow leaflets, m. p- 
60° (Found: C, 69:0; H, 6-9. C,H 30,N requires C, 69-1; H, 
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6-8%). This strongly basic substance dissolves in most organic 
solvents to yellow solutions exhibiting a green fluorescence. 

_ 6-Hydroxy-4-keto-1 : 2: 3 : 4-tetrahydroquinoline.-—This substance 
was obtained when the corresponding methoxy-derivative (XX; 
4-5 g.) was heated with concentrated hydrochloric acid (30 c.c.) 
in a sealed tube at 160—170° for 6 hours. On cooling, the hydro- 
chloride separated as a pale brown, crystalline mass, which was 
collected, stirred with cold concentrated sodium acetate solution, 

_.and the yellow base (3-5 g.) crystallised from xylene, from which 
it separated in deep yellow plates, m. p. 163—164° (Found : C, 66-6; 
H, 5-6. C,H,O,N requires C, 66-3; H, 5-5%). ‘This substance is 
sparingly soluble in benzene, but dissolves readily in alcohol and in 
aqueous sodium carbonate to deep yellow solutions. 

Toluene-p-sulphonylbenzylaminoacetic Acid.—Toluene-p-sulphon- 
benzylamide (J., 1905, 87, 159; 31-2 g.) was dissolved in hot sodium 
hydroxide (90 c.c. of 8%), a solution of chloroacetic acid (13 g.) in 
sodium hydroxide (90 c.c. of 8%) added, and the whole refluxed 
gently for 48 hours. The mixture was then well cooled, acidified 
with hydrochloric acid, the colourless solid collected, washed with 
water, extracted with aqueous sodium carbonate, and the undis- 
solved toluene-p-sulphonbenzylamide (26:5 g.) filtered off. The 

_acid (5-5 g.) obtained on acidifying the filtrate crystallised from 

_ligroin in long, hair-like prisms, m. p. 137—138° (Found: C, 59:8: 

H, 5:3. C,.H,,0,NS requires C, 60-2; H, 5:5%). When the 

solution of this acid in alcohol was saturated with dry hydrogen 

chloride and refluxed for 24 hours, the ethyl ester was obtained; it 
separated from ligroin in rectangular plates, m. p. 51° (Found: 
N, 4:0. C,,H,,0,NS requires N, 4:0%). 


_ The authors are indebted to the British Dyestuffs Corporation 
for permission to publish the results of this investigation. 
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CCCXV.—Interactions of Tellurium Tetrachloride and 
Aryl Alkyl Hihers. Part I. 


By Gitpert T. Morcan and Harry Ducato Kerra Drew. 


Win purely aliphatic ethers tellurium tetrachloride combines 
additively to form unstable hygroscopic compounds of the type 
Et O,TeCl,, but with mixed ethers containing aryl and alkyl radicals 


substitution takes place with elimination of hydrogen chloride. 
| 4H2 


te 
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These observations were first made by Rust (Ber., 1897, 30, 2829), 
who condensed phenetole with tellurium tetrachloride, obtaining 
a compound which separated in yellow needles melting at 185° 
to which he ascribed formula I. This result was supported by 
the preparation and analysis of a series of derivatives and 
homologues. 


a AEST ON ( a6 | pe 
(I.) (Bt0 Sar \<TeOl, EtO-< >—)<Te a) 

A few years later (Annalen, 1901, 315, 9), Rohrbaech, in repeating 
the phenetole condensation, obtained Rust’s halogenated compound 
and reduced it with zinc to a halogen-free substance, yellow plates 
of m. p. 64°, to which he gave formula II. The assumption that 
in this condensation tellurium entered the aromatic nucleus was, 
however, challenged by Lederer (Ber., 1915, 48, 2049; 1916, 49, | 
2532), who prepared both di-p-phenetyl telluride (formula JI) 
and its di-o-isomeride from tellurium dibromide and the correspond- 
ing magnesium aryl halides, EtO-C,H, Mel. 

These diaryl tellurides, the constitution of which was not in 
doubt, differed from the Rust-Rohrbaech product and accordingly 
Lederer designated the latter as an ethylidene compound with the 


constitution ba ~ \__0-CH(CH,) ses <Te (III). Healso repeated 
ugh Ig 


the Rust-Rohrbaech preparation and obtained the orange-red 
telluride melting at 64°, thus confirming the previous result. More- 
over, he generalised his conclusion by a more complete investigation 
of the corresponding di-o-, m-, and p-anisyl tellurides, which all 
differed from the product of the Rust-Rohrbaech preparations with 
anisole and tellurium tetrachloride. 

These seemingly exhaustive investigations appeared to show 
beyond doubt that tellurium did not enter the aromatic nucleus 
in the Rust condensation and that isomeric compounds were pro- 
duced with tellurium attached to the side chain. 

However, in preparing the Rust-Rohrbaech product in order to 
test its possible bactericidal properties we used chloroform as a 
convenient solvent and obtained a large yield of a substance corre- 
sponding in properties with Rust’s yellow dichloride. This com- 
pound on reduction with alkali metabisulphite was completely 
transformed to the expected orange-red substance. On testing 
the solubility of this product in water, it was noticed that the 
crystals did not melt in the boiling solvent, in which they remained 
‘nsoluble. Examination of fusibility revealed a melting point of 
107° and not 64° as given by Rohrbaech and by Lederer. This 
compound (IV) and the chloride (V), which gave it by reduction, 
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were therefore analysed and found to possess respectively the 
following molecular formule, 


(IV.) (C,H,-O-C,H,),Te, (C,H,-0-C,H,)TeCl, (V.) 
m, p. 107°, m. p. 183°, 


these constitutions being confirmed by the whole of the physical 
and chemical characteristics of the substances. 
_ Rust and Rohrbaech’s formulations for these two substances as 
diaryl telluride and diaryl tellurium dichloride respectively, although 
supported by many concordant analyses, are entirely erroneous. 
In the course of the present investigation the true dichloride has 
been prepared and identified. On being heated with more phenetole, 
the phenetyltellurium trichloride (m. p. 183°) passes into a colour- 
less bisphenetyltellurium dichloride melting at 108°. This com- 
pound in all probability is bis-p-phenetyltelluridichloride (V1), 
since it melts at 108°, whereas the bis-o-phenetyltelluridichloride 
(VIL) prepared by Lederer through the Grignard reaction melts 
at 163—164°. 


+ 4 aR " ie 
(VI.) vit a we TeCl, si Peak sod i TeCl, aie: (VII.) 


It seems probable that Rust, Rohrbaech, and Lederer were dealing 
with mixtures of the di- and tri-chlorides and in the case of the 
last two investigators they also had mixtures of the reduction pro- 
ducts of these chloro-derivatives. But it is nevertheless remark- 
able that the analytical data should agree with those demanded 
by an incorrect formulation and that the melting point of a com- 
pound described as a dichloride, (EtO-C,H,).TeCl,, should agree 
with that of the substance now shown to be the trichloride, 
EtO-C,H,TeCl,. 

With our present knowledge of the organic chemistry of tellurium 
the colour of the products is a useful guide to constitution. Telluri- 
dichlorides are invariably colourless and their reduction products 
are yellowish-white to pale yellow. Telluritrichlorides, on the 
contrary, are often yellow and their reduction products are intensely 
coloured (Morgan and Drew, this vol., p. 531). 

As further evidence of constitution it was noticed that when 
the bis-p-phenetyl ditelluride was covered with cold concen- 
trated nitric acid and the mixture allowed to evaporate, p-nitro- 
phenetole (X) separated, the tellurium being displaced by a nitro- 
group. This evidence is opposed to Lederer’s conclusion .as to the 
attachment of tellurium to the side chain and indicates that the 
metalloid has entered the para-position with respect to ethoxy], 
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thus confirming the following formule for p-phenetyltelluritrichloride 
(VIII) and bis-p-phenetyl ditelluride (IX). 


OEt OEt OEt OEt 
VA NUT een nn ray 
| ae Gece ar a pees 
VA eM 7A ee 
TeCl, Te=—Te NO, 
(VIII.) (IX.) (X.) 


Lederer’s work is defective in another respect. He reduced the 
Rust-Rohrbaech product from anisole and tellurium tetrachloride, 
obtaining red needles (m. p. 50°) to which, like Rohrbaech, he 
assigned a diaryl telluride formula but. with tellurium in the side 
chain, (C,H,-O-CH,),Te. On warming this substance with methy! 
iodide, he obtained a product yielding a picrate alleged to be anisyl- 
dimethyltelluronium picrate, CgH,(NO,),°O-Te(CH;).°CH,-O-C,H;, 
one anisyl residue having been eliminated during methylation. 
The methylation product would accordingly be the iodide, 
C,H;:0-CH,Te(CH;),I. But actually we find that the supposed 
‘‘dianisyl telluride,’ which is in reality bis-p-anisyl ditelluride, 
undergoes on warming with methyl iodide a smooth decomposition 
into molecular proportions of iodo-derivatives, 


R-Te:TeR + 3MeI = RTeMe,I + RTeMel,, 


where R is the anisyl residue. 

The products are the less soluble p-anisyldimethyltelluri-iodide, 
which gave Lederer his picrate, and the more soluble p-anisyl- 
methyltelluridi-iodide, which is easily reduced to p-anisyl methyl 
telluride. Lederer evidently overlooked the more soluble product, 
and his hypothesis, based on the assumption of an elimination of 
one of the p-anisyl radicals, falls to the ground. 

In order to test our conclusions as to the nature of the tellurium 
tetrachloride condensation with mixed ethers the case of the dimethyl 
ether of resorcinol was examined. The product was found to be 
the yellow 1: 3-dimethoxyphenyl-4-telluritrichloride (X1), which on 
reduction furnished the orange-brown bis-1 : 3-dimethoxyphenyl 
4:4-ditelluride (XII). 


MeO( OMe MeO/ oMe Me0/” OMe 
TeCl 

NO ae \/\terte7 

When the condensation was forced by heating the reaction mixture 


with excess of tellurium tetrachloride the tellurium content fell 
instead of increasing by further substitution in the nucleus; the ~ 


(X1.) (XII.) 
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product was the colourless bis-1 : 3-dimethoxyphenyl-4-telluridi- 
chloride (XIIT), while the excess of tetrachloride remained unchanged. 

Guaiacol behaves similarly although less smoothly, yielding a 
2-hydroxy-1-methoxyphenyl-4-telluritrichloride (XIV), isolated with 
difficulty but reducing to an orange-brown bis-2-hydroxy-1-methoxy- 
phenyl 4 : 4-ditelluride (XV). 


OH OH.) hs OF. 
MeO/ NOMe MeO/” NOMe Meo” —> Meo/ \  / NOMe 
VAN WANA ete NU ee 
(XIII) (XIV.) (XV.) 


EXPERIMENTAL. 
Condensation of Tellurium Tetrachloride with Phenetole. 


When a mixture of 12 g. of tellurium tetrachloride, 17 g. (3 mols.) 
of phenetole, and 75 c.c. of dry chloroform was heated under reflux, 
with exclusion of moist air, during 2 hours, hydrogen chloride was 
evolved and the solid dissolved. The solution deposited during 
heating a copious precipitate of glistening, yellow flakes con- 
sisting of practically pure p-phenetyltelluritrichloride (VIII), which 
was removed after one day, washed with a little cold chloroform, 
and dried (yield, 14:5 g. or 92%). This substance was moderately 
soluble in hot chloroform or benzene to yellow solutions and was 


_ readily soluble in cold ethyl alcohol to a solution which was colour- 


less owing to hydrolysis. On warming with aqueous potash the 
trichloride developed the odour of phenetole. It melted to a red 
liquid at 182—183° and further crystallisation from dry chloro- 
form resulted in no alteration (Found: Cl, 30-25. C,H,OCI,Te 


_ requires Cl, 30-0%). 


Bis-p-phenetyl Ditelluride (Formula IX).—The foregoing tri- 
chloride (6 g.), reduced at 0° with 11:3 g. (3 mols.) of potassium 
metabisulphite and 50 c.c. of water, gave crude bis-p-phenetyl 
ditelluride, in almost quantitative yield, as an orange powder 
which crystallised from petroleum (b. p. 80—100°) in flufiy masses 
of brilliant, orange-red needles or golden-orange plates, melting 
at 107—108° to a deep red liquid. It was readily soluble in cold 


benzene or chloroform, but much less soluble in light petroleum 


or ethyl alcohol, and was insoluble in water. Its solutions in 
organic solvents were red. It was unaffected by boiling aqueous 
ammonia, but was decomposed by methyl iodide (compare the 
corresponding p-anisyl compound, p. 2314) [Found: C, 38-75; 
H, 3-4; Te, 51-3; M, cryoscopic in benzene, 473 (c = 1:89), 481 


(c = 2-92). C,,H,,0,Te, requires C, 38:6; H, 3:6; Te, 51:3% ; 


M, 497}. 
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Although the ditelluride crystallised well from ethyl or methyl 
alcohol, the product from these solvents was invariably slightly 
high in carbon content (found : C, 39-25, 39-1; H, 3-7, 3-7), indicat- . 
ing the presence of an impurity which was not completely eliminated 
by subsequent crystallisation from petroleum. It was noticed, 
also, that solutions of the ditelluride, when unduly exposed to the 
air, tended to deposit an amorphous oxide which was again reduced 
to the ditelluride by the action of aqueous alkali bisulphites. When 
bis-p-phenetyl ditelluride was covered with cold concentrated 
nitric acid and the solution allowed to evaporate in an open basin, 
large, colourless spears of p-nitrophenetole separated. This sub- 
stance melted at 60—61° and did not depress the melting point of 
an authentic specimen of p-nitrophenetole (Kahlbaum). 

Bis-p-phenetyltelluridichloride (Formula VI).—When p-phene- 
tyltelluritrichloride was heated with four times its weight of phene- 
tole during 6 hours on an oil-bath at 180—190°, hydrogen chloride 
was evolved and the addition of petroleum then caused the deposi- 
tion of bis-p-phenetyltelluridichloride, which was purified by crystal- 
lisation from methyl alcohol. The dichloride formed colourless, 
glistening, prismatic needles, melting at 108° to a colourless, trans- 
parent liquid. In this substance the chlorine was very firmly 
attached, being only slowly liberated (along with phenetole) even 
by boiling aqueous potash (Found: C, 43:3; H, 40; Cl, 16-1. 
C,,.H,,0.Cl.Te requires C, 43-6; H, 4:1; Cl, 16-:1%). 


Condensation of Tellurium Tetrachloride with Resorcinol 
Dimethyl Ether. 


Tellurium tetrachloride (2-9 g.), resorcinol dimethyl ether (1-5 g. ; 
1 mol.), and dry chloroform (30 c.c.), when heated on the water- 
bath during 2 hours, evolved hydrogen chloride and formed a deep 
brownish-yellow solution. After removal of the chloroform, a 
syrup remained which crystallised when it was stirred with a 
little cold carbon tetrachloride, this solvent poured off, and a little 
chloroform added. The yellow, crystalline powder (2-7 g.) consisted 
of crude 1: 3-dimethoxyphenyl-4-telluritrichloride (XI), which was 
purified by crystallisation from dry chloroform. The trichloride 
formed silky, primrose-yellow, prismatic needles or transparent, 
golden-yellow prisms, melting at 155—156° to a yellow liquid 
which at once became red. On warming with aqueous potash 
the compound evolved resorcinol dimethyl ether (Found : Cl, 28-8. 
C,H,0,Cl,Te requires Cl, 28-7%). 

When the proportion of resorcinol dimethyl ether in the foregoing 
condensation was increased to 2 mols. (4:2 g. of tellurium tetra- 
chloride, 4:2 g. of resorcinol dimethyl ether, and 10 c.c. of dry 
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chloroform heated on the water-bath during 11 hours), the solid 
product (4-9 g.) was a mixture of the yellow trichloride and colour. 
less bis-1 : 3-dimethoxyphenyl-4-telluridichloride (XIII). Similarly, 
when 2 mols. of tellurium tetrachloride and 1 mol. of resorcinol 
dimethyl ether were employed and a higher temperature was 
obtained by diminishing the proportion of solvent (6-7 g. of tellurium 
tetrachloride, 1-8 g. of resorcinol dimethyl ether, and 12 c.c. of dry 
chloroform heated on the water-bath for 3 hours), a second atom 
of tellurium was not introduced into the aromatic nucleus; but, 
instead, a portion of the tellurium tetrachloride remained unchanged 
and the product consisted of the dichloride admixed with a pro- 
portion of trichloride. Reduction with an excess of aqueous 
potassium metabisulphite led to the destruction of the trichloride. 
leaving the dichloride unchanged. The latter was extracted from 
the black reduction product by means of boiling ethyl alcohol, 
from which it separated on cooling. Bis-1 : 3-dimethoxyphenyl- 
4-telluridichloride crystallised from alcohol in colourless, pearly 
flakes which melted without apparent decomposition at 204— 
205°. It was resistant to the reducing action of aqueous alkali 
bisulphite, but was decomposed by hot aqueous potash with liber- 
ation of resorcinol dimethyl ether (Found : Cl, 14-9. C,,H,,0,Cl,Te 
requires Cl, 15-0%). 

In the above condensations of tellurium tetrachloride with 
phenetole and with resorcinol dimethyl ether, respectively, the 
fact that a telluritrichloride is practically the sole product when 
an excess of the aromatic ether is used in the case of phenetole, 
but not in that of resorcinol dimethyl ether, seems to be due mainly 
to the comparative insolubility in chloroform of the telluritri- 
chloride of phenetole. This product is thrown out of solution as 
formed and in the presence of chloroform is only slowly changed 
to a dichloride by the further action of another molecule of 
phenetole. 

Bis-1 : 3-dimethoxyphenyl 4:4-Ditelluride (XII).—1 : 3-Dimeth- 
oxyphenyl-4-telluritrichloride (1:2 g.), reduced with 2-1 g. of 
potassium metabisulphite and 10 c.c. of water, was quantitatively 
transformed to the ditelluride, which was extracted with ether 
and purified by crystallisation from benzene, petroleum (b. p. 
80—100°), or ethyl alcohol. Bis-1:3-dimethoxyphenyl 4 : 4-di- 
telluride separated in orange-brown needles or prisms, a specimen 
from benzene melting at 134—135° to a deep red liquid. It was 
insoluble in water, but moderately soluble in ether or ligroin to 
orange-red solutions. It was unaffected by aqueous alkalis, but 
gave an intense reddish-purple coloration with cold concentrated 
sulphuric acid [Found: C, 36-1; H, 3-6 (specimen oR benzene) ; 
| H 


ia. 
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C, 37-0; H, 3:5 (specimen from alcohol). © ,H,,0,Te, requires 
C, 36:3; H, 3-4%]. 
Condensation of Tellurium Tetrachloride with Guaiacol. 


Tellurium tetrachloride (1 mol.) was mixed with guaiacol (2 mols.) 
and dry chloroform (5 c.c. per g. of tellurium tetrachloride). 


Hydrogen chloride was evolved and a deep yellowish-green solution 


was formed on heating during 24 hours on a water-bath. This | 


solution, concentrated to a syrup in a vacuum desiccator, partly 
solidified after extraction of unchanged guaiacol by means of 
petroleum. The greenish-yellow solid was separated by boiling 
with dry chloroform or benzene into an amorphous, insoluble, 
mustard-yellow powder decomposing near 180° (not identified) 
and 2-hydroxy-1-methoryphenyl-4-telluritrichloride (XIV), which 
separated from dry chloroform in transparent, deep yellow prisms, 
m. p. 157—159° (decomp.). This substance, which was readily 
hydrolysed by moist air when in solution, was not obtained in a 
pure condition (Found : Cl, 28-9. C,;H,O0,Cl,Te requires Cl, 29:8%). 

When reduced with aqueous potassium metabisulphite at 0°, 
the telluritrichloride was transformed to bis-2-hydroxy-1-methoxy- 
phenyl 4:4-ditelluride (XV), which was extracted by means of 
ether and subsequently purified by crystallisation from dry benzene. 
The ditelluride formed orange-brown, prismatic needles, slowly 
darkening above 114° and melting finally at 117—118° with liber- 
ation of tellurium. It was sparingly soluble in petroleum, but 
moderately soluble in benzene, chloroform, or ether, giving red 
solutions. Boiling ethyl alcohol caused its decomposition. It 
was insoluble in water, but dissolved in aqueous caustic soda or 
sodium carbonate (although not in aqueous sodium bicarbonate) 
to yellowish-orange solutions of the sodium salt, from which the 
ditelluride was reprecipitated on addition of mineral acids (Found : 
C, 33:8; H, 2:95. C,,H,,0,Te, requires C, 33:55; H, 2-8%). 
Addition of chloroacetic acid to a solution of the ditelluride in 
aqueous caustic soda caused the precipitation of purplish- blue 
flakes of a substance which soon decomposed when removed from 
the liquid but was more stable in the form of its red solution in 
dilute aqueous caustic soda. 


Action of Methyl Iodide on Bis-p-anisyl Ditelluride—The deep 


red-brown solution of 5 g. of the pure ditelluride (m. p. 56—58") 
in 78 g. of pure methyl iodide was heated under reflux on a water- 
bath for } hour, when a microcrystalline, salmon precipitate (4-6 g.) 
of p-anisyldimethyltelluri-iodide, CH3°O-C,H,"Te(CHs).I, was thrown 
down (see equation, p. 2310). This substance melted at 170—172° 


and was almost insoluble in acetone, benzene, and other organic 
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solvents, but was hydrolysed by boiling alcohol. It was not reduced 
by aqueous alkali bisulphites. When warmed with aqueous sodium 
picrate containing free picric acid, it was decomposed giving two 
picric acid compounds: (1) Lederer’s picrate, 
CH,°O-C,H,°Te(CH;),°0-C,H,(NO,)s, 

forming bright yellow needles from alcohol or water, m. p. 126— 
127°; and (2) a substance forming pale yellow, glistening plates 
from alcohol, which decomposed with effervescence to a trans- 


_ parent, yellow liquid at 176° after changing slowly from about 


160°. This substance was probably an additive compound of 
picric acid and p-anisyl methyl telluride, the latter being formed 
from the above iodide by loss of methyl iodide on heating. 

The methyl iodide mother-liquor from the foregoing telluri- 
iodide contained only p-anisylmethyltelluridi-iodide, ° 

CH,°O-C,H,’Te(CH,)I, 

(4-7 g.), a red, crystalline substance melting at 109° and soluble 
in organic solvents (Found: I, 50-1. C,H,,O1,Te requires I, 
50-49%). This substance was readily reduced on shaking with 
aqueous potassium metabisulphite in presence of ether, with 
formation of p-anisyl methyl telluride, a yellow oil of nauseating 
odour. Part of the di-iodide, however, was re-transformed to 
bis-p-anisyl ditelluride by partial reduction followed by intra- 
molecular loss of methyl iodide. The reactions occurring may be 
represented as follows :— 


(1) MeO-C,H,-TeMel, —> 2HI + MeO-C,H,'TeMe. 
(2) 2MeO-C,H,TeMeI, —-> 
2HI + MeO-C,H,TeMelI-TeMeI-C,H,-OMe —> 2HI -+ 2Mel + 
MeO-C,H,'Te:Te-C,H,OMe. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society and to the Research Com- 
mittee of the University of Birmingham for grants which have 
helped to defray the expense of this investigation. 
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CCCXVL—A New Aspect of the Photochemical Union 
of Hydrogen and Chlorine. 


By Ronatp G. W. NorRisH. 
Part I. A General Theory of the Change. 


On account of its great interest to the student of chemical kinetics, 
the photochemical reaction between hydrogen and chlorine has 
received a very large amount of attention during the past hundred 
years. In spite of this, no theory which describes the mechanism 
completely has yet been given, and, indeed, few reactions have 
proved more difficult to interpret. The results which have accumu- 
lated from recent work, however, throw a new light upon the 
problem, and taken together, enable deductions to be drawn which 
greatly simplify it. In the present paper, a theory of the process 
is presented which is claimed completely to describe the mechanism, 
uniting such diverse phenomena as the effects of desiccation and 
the induction period in one general explanation. It will be shown 
that harmony between the various phases of the reaction is attained 
if we accept the view that the primary photochemical reaction— 
the dissociation of the chlorine molecule into atoms—takes place at 
the surface of the vessel, and that a quantitative expression on the 
basis of the existing theory of Nernst can be built up which is in 
agreement with the experimental findings of Chapman and his 
co-workers. 

One aspect of the reaction, namely, its extreme deviation from 
Einstein’s law of photochemical equivalence (Bodenstein, Z. Elektro- 
chem., 1913, 19, 836), has found a simple explanation in the chain 
theory of Nernst (‘Grundlagen der neuen Warmesatzes,” Halle, 
1918, p. 133). The primary action of the light is considered to be a 
dissociation of the chlorine molecules in accordance with simple 
quantum relations. Subsequent action takes place in the manner 
shown in the following equations (a) and (b), both of which may be 
shown thermodynamically to represent reactions of large affinity. 


C1 A, CN A ee i ae 
Ht G,—HA+ Cl... ker 


It will be seen that the absorption of one light quantum, by its 
generation of two chlorine atoms, can thus originate two chains of 
reactions which are propagated indefinitely throughout the gaseous 
mixture by the alternate repetition of reactions (a) and (6), giving 
rise to a very large number of hydrogen chloride molecules. 

The Réle of Water in the Reaction.—Before we can apply the chain 
theory of Nernst to explain the complicated relationships found to 
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hold good by M. C. C. Chapman, in her quantitative study of the 
reaction (J., 1923, 123, 3062), it will be necessary to consider in 
some detail the bearing of the recent work of Coehn and Jung upon 
the effects of desiccation on the velocity of hydrogen chloride 
formation, and an important deduction to which this gives rise. 
The subject was originally opened by Baker (J., 1894, 65, 612), who 
showed that combination of the two gases under extremely dry 
conditions proceeded only very slowly in sunlight, instead of by 
explosion. Bodenstein and Dux (Z. physikal. Chem., 1913, 85, 297 ), 
on the other hand, showed definitely that desiccation down to a 
water vapour pressure of 10° mm. of mercury produced no effect 
upon the velocity of combination of the two gases. More recently, 
Coehn and Jung (cbid., 1924, 110, 705) have been able to extend the 
limit of desiccation down to a water vapour pressure of 10-7 mm., 
at which point they found the formation of hydrogen chloride to be 
suspended. From their results and those of Bodenstein and Dux 
it is evident that the velocity of hydrogen chloride formation is 
independent of water vapour pressure, when the latter is increased 
upwards beyond the limit of 10 mm. but that below this pressure 
it gradually falls off to zero. No explanation of these important 
facts was put forward by Coehn and Jung, but the suggestion is 
here advanced that they become readily explainable if we draw 
the deduction that the primary photochemical reaction requires water 
as a catalyst and takes place only at the walls of the vessel. 

Modern views of adsorption have led us to the belief that surface 
affinity is in general neutralised by a single layer of adsorbed mole- 
cules, and over their whole range of experimentation we may 
consider that Bodenstein and Dux were dealing with a glass surface 
completely saturated with water molecules and therefore offering a 
reaction surface of constant properties. At water vapour pressures 
below 10% mm., with preliminary baking out under a vacuum, this 
surface layer of molecules is unsaturated, until, at 10-7 mm., the 
surface is practically dry, and the formation of hydrogen chloride 
is suspended.* 

This hypothesis is rendered more probable by some simple calcu- 
lations relative to Coehn and Jung’s conditions of experimentation. 
Their cylindrical reaction bulbs were 10 c.c, in volume, corresponding 
to a surface area of about 30 sq.cm. The radius of the water mole- 
cule being taken as 2 x 108 cm., the number required completely to 
cover the surface is about 2 x 101°. The number of water mole- 


* This explanation may well apply to other cases of the suspension of 
reaction between gases on extreme drying, which may be regarded as due, 
not to the “ ultra-dryness ”’ of the gases, but to the removal of the catalytic- 
ally active water film from the walls of the vessel. 
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cules filling the bulb at 10 mm. is about 3-5 x 10%—about 600 
times too small to cover the surface—whilst at 10-7 mm. the number 
is 6 x 10° times too small. From Coehn and Jung’s account of 
their work it would appear that their experimental bulbs were left 
for some time in communication with the source of water vapour 
pressure before sealing off, so that, while in the former case there 
would probably be time for a distillation of water vapour to occur 
sufficient to cover the dried surface of the vessel, there would in a 
like period only be time to cover one-thousandth of the surface at 
the lower pressure, and probably even less, since the walls of the 
communicating tubes also have to be saturated. We may therefore 
suppose that somewhere in the neighbourhood of 10° or 10°* mm. 
of water vapour pressure the moisture film at the surface of the 
reaction vessel ceases to be saturated, and the velocity of hydrogen 
chloride formation, in accordance with our hypothesis, begins to 
fall off at this point. 

These considerations lead us to the conclusion that dissociation 
of the chlorine molecule, which is a necessary preliminary to the 
starting of the Nernst reaction chains referred to above, must occur 
through the intermediate formation of a loose complex of chlorine 
and water at the glass surface. It is possible that a hydrate of the 


form He Oc exists in the gaseous phase, and such a compound 


may also be formed at the surface, but under the latter condition 
it may well be so weakened structurally by the influence of the 
surface forces as to render photochemical dissociation of the com- 
pound possible at the surface, while impossible in the gaseous phase. 
Thus we may write : . 


H Cl 


As an alternative view, we may suppose that, under the combined 
influence of the force fields of the glass surface and the water mole- 
cules, the chlorine molecule receives an induced polarity which 
renders it the more easily dissociable (see Norrish, J., 1923, 423, 
3006).* Coehn and Jung (loc. cit.) have found, moreover, that when 
the photochemical reaction between hydrogen and chlorine is 
promoted by ultra-violet light, extreme desiccation has no influence 


* In any case there can be no doubt that chlorine adsorbed at the water 
film covering a glass surface is much more reactive than gaseous chlorine. 
This has recently been experimentally demonstrated by the present author 
in conjunction with Mr. Glyn-Jones for the case of the reaction between 
ethylene and chlorine. This reaction occurs rapidly at the glass surface, 
and not at all in the gaseous phase, or on a non-polar and dry paraffin wax 
surface. Details of this work will be published later. 
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on the velocity of the reaction, and we may assume that the larger 
energy quantum here concerned is capable of dissociating the dry 
gaseous chlorine molecules, so that the primary photochemical 
reaction can occur in this case in the gaseous phase also. 

Confining our attention, however, to the action of visible 
radiation only, we see that the Nernst reaction centres must first 
originate at the water film of the surface, with chlorine atoms 
produced there, and may then travel outward into the gaseous 
phase, each centre being alternately represented by a hydrogen 
and a chlorine atom as a result of the endless repetition of reactions 
(a) and (b) above. A centre of reaction once started will persist 
until it meets either another centre or encounters the wall of the 
vessel. In the former case, the atoms of the two centres will com- 
bine with each other; in the latter, reaction will occur between 
the atoms of the centre and the dissociated chlorine atoms at 
the surface, or with the water at the surface. Since the partial 
pressure of reaction centres in the system must be extremely minute, 
encounters of these with the wall of the vessel will be much more 
frequent than encounters with one another, so that mutual neutralis- 
ation may be assumed negligible compared with neutralisation at 
the surface. 

It would thus appear a reasonable deduction that the primary 
photochemical reaction—the quantised dissociation of the chlorine 
molecule—occurs as a surface reaction catalysed by water, and that 
the reaction centre so started (consisting alternately of atomic 
hydrogen and chlorine) moves outward into the gaseous phase, 
being destroyed only when it meets the walls of the vessel, or— 
much more rarely—another centre. 


The Induction Period. 


The deductions as to the nature of the primary photochemical 
reaction set forth above suggest a simple explanation of the induc- 
tion period on the basis of a surface poisoning by foreign substances. 
Any impurity capable of combining preferentially with the moisture 
film at the surface of the reaction vessel should act as a poison to 
the primary photochemical reaction and inhibit the formation of 
hydrogen chloride. Burgess and Chapman have shown that small 
traces of ammonia, or impurities producing ammonia, can give 
rise to artificial induction periods. Arguing from the strong affinity 
of ammonia for water, there can be little difficulty in ascribing its 
action to preferential combination with the moisture film. In 
Part II of this paper the kinetics of the induction period are studied 
in more detail, and a quantitative research is described which 
strongly confirms the present hypothesis. 
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The Anticatalytic Effect of Cxygen. 


It was established independently both by Chapman and McMahon 
(J., 1909, 95, 135, 959) and by Bodenstein and Dux (loc. cat). that 
the rate of combination of hydrogen and chlorine is inversely 
proportional to the oxygen concentration. Thus, keeping the 
partial pressure of hydrogen and chlorine constant, we may write : 

d[ HCl] /dt = k/[Og]. 
Norrish and Rideal (this vol., p. 787) have confirmed the suggestion 
of Chapman that at the same time the hydrogen and oxygen 
gradually unite to form water under the photosensitive action of the 
chlorine. The relationship found to hold between the velocity of 
water formation and the concentrations of chlorine and oxygen may 
be expressed by the formula : 

d[H,O]/dt = k'[Cl,][Oo]. 

This reaction receives a simple explanation by assuming that 
chlorine molecules throughout the gaseous phase, rendered active 
by the absorption of a light quantum, can activate oxygen by the 
transfer of intra-atomic energy on collision. We may assume that 
a similar deactivation is possible at the surface, and in order to 
explain completely the anticatalytic effect of hydrogen discovered 
by M. C. C. Chapman it is necessary to assume that oxygen can 
deactivate the surface molecules only when it collides simultaneously 
with a hydrogen molecule. Thus water may be formed by photo- 
sensitisation throughout the gaseous phase and at the surface, but 
it is only the latter process that is to be regarded as connected with 
the anticatalytic effects of oxygen and hydrogen. 


The Kinetics of the Hydrogen—Chlorine Reaction. 


These ideas will now be applied to the development of a theoretical 
expression, connecting the rate of formation of hydrogen chloride 
with the partial pressures of hydrogen, chlorine, and oxygen in the 
system, which is in complete agreement with the experimental 
findings of D. L. Chapman and his school (see especially M. C. C. 
Chapman, J., 1923, 123, 3078). 

Let the gaseous concentration of the components be represented by 
square brackets enclosing the corresponding formule, and constants 
by K, k, etc. It will be assumed that the chlorine may be adsorbed 
at the surface of the water film, the fraction, ¢, of the total area 
covered being small compared with unity. Under the influence of 
the light, the adsorbed chlorine gradually reacts with hydrogen to 
form reaction centres; when a stationary state has been reached, 


k [Cl] = hil Halot fiir’. 
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Let N be at any moment the number of molecules of photo- 
chemically activated chlorine present per sq. cm. of surface. Not 
all of these are to be regarded as capable of starting reaction chains, 
but only a small fraction which under a favourable combination 
of circumstances may be considered as completely dissociated.* 
All the active chlorine molecules at the surface, however, may be 
deactivated when simultaneously struck by a hydrogen and an 
oxygen molecule, with the resulting photosensitive formation of 
water, and also by thermal degradation of their energy, the 
number deactivated by these two processes being regarded as 
large compared with those which react with hydrogen. Equating 
the rates of activation and deactivation at the surface, we have, 
therefore, when a stationary state has been reached, 


Be eNO al i beN ee ts et) 


where / represents the intensity of illumination. 
Combining equations (1) and (2) and collecting constants, 


N = KyI[Ch)/(HpM(HsO) +8) 2 2. . (8) 


Let s and v be the total surface and the volume of the vessel, and 
n the number of reaction centres present at any moment per c.c. 
of the reacting system. The rate of production of centres is, 
according to hypothesis, proportional to the number of contacts 
between surface active chlorine molecules and the bombarding 
hydrogen molecules. Hence 


Oe aa tN LE) fetes 2.020 So ae, (4) 


‘The reaction centres are destroyed on again meeting the walls of 
the vessel, the constituent atoms reacting there with the adsorbed 
atomic chlorine or the water. Hence, the much smaller number of 
centres destroyed in the gaseous phase being neglected, 


ce demarime (VA! © TI | oo Qe Lape ib) 

where s/v is the surface available per unit of volume. Equating 

equations (4) and (5) for a stationary state, and combining with 

equation (3), we obtain 

: n=K,NCI/[HOJ+e . . . . (6) 
Now, for a given reaction centre, let ¢, be the average time required 

for a hydrogen molecule to react with the chlorine atom, and ¢, the 


time required for a chlorine molecule to react with the hydrogen 
atom. 


* For instance, the active molecule may pass through a series of vibrations, 
only one phase of which is equivalent to dissociation from the point of view 
of the bombarding hydrogen molecules. 


; 


P 
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Then : t, = a/[H,] and t, = b/[Cl,], 


where a and b are constants. | 

In (é,-+4t,) seconds two molecules of hydrogen chloride are : 
formed per centre, and the process then repeats itself. From 7 | 
centres, therefore, 2n/(é, + t,) molecules of hydrogen chloride are 
produced per second, | 


or AHCl/de = 2n/(a/lHe) + b/[Cle) 4) aie Me 
Combining equations (6) and (7), we obtain finally : 
d{ HCl] /dt = KI[TH,][Cl,}?/({Ho][O2] + #)(a[Cle] + O(He]) . (8) 


This expression is completely satisfactory as a general formula 
for the description of the results of M. C. C. Chapman (loc. cit.), 
if @ and 6 are regarded as comparable in magnitude, and x as small | 
compared with the product [H,][O,], except when [H,] is very small. | 
The predictions of this expression may be summarised in a manner | 
parallel to the summary of experimental results given by M. C. C. | 
Chapman (loc. cit., p. 3078), and it will be seen on comparison that | 
there is close agreement between experiment and theory :— | 
(1) No term for the total pressure of the reacting gases 1s involved | 
in the expression, and d[HCl]/dé is therefore independent of the | 
total pressure of the gas. : | 
(2) If [H,] and [O,] be kept constant, 
(a) d{HCl]/dt oc [Cl,] when [Hg] is small. 
(b) d{HCl]/dét oc [Cl,]?- when [H,] == [Cl,], x being less than unity. | 
(c) d[HCl]/dt oc [Cl,]* when [Cl,] is small. | 
(3) If [Cl,] and [O,] be kept constant, | 
(a) d[HCl]/dé oc [H.] when [H,] is smail. 
(b) d{HCl]/dt oc 1/[H,]!-* when [Cl,] == [H,], « being comparable 
with unity. 
(c) d{HCl}/dt oc 1/[H,]'-* when [Cl,] is small, x being small | 
compared with unity. 
(4) If [H,] and [Cl,] be kept constant, 


(a) AHCI /dt oc 1/[0.] | 
except | 
(b) d{HCl]/dt = & when [Hg] is very small. | 

| 


‘Summary. 


Recent work by Coehn and Jung has shown that while the rate 
of combination of hydrogen and chlorine in visible radiation 18 


uninfluenced by desiccation down to a water vapour pressure of 
10% mm., it approaches zero between 10% and 10% mm. In 


eee 
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explanation, it is here suggested that the primary photochemical 
reaction—the dissociation of the chlorine molecule into atoms— 
occurs only at the water film covering the walls of the vessel and 
that its rate is uninfluenced while the surface layer of water is 
saturated, but decreases when this is only partly saturated at low 
water vapour pressures. The resulting “ Nernst chains’? must 
extend outward into the gaseous phase, and be destroyed on again 
meeting the surface. This hypothesis leads to an expression in full 
‘agreement with Chapman’s quantitative researches. 


Part Il. An Hxuperimental Study of the Mechanism and Nature of 
the Period of Induction. 


It was early observed by Bunsen and Roscoe in their researches 
on the photochemical union of hydrogen and chlorine (Phil. Trans., 
1857, 147, 381) that the combination of these two gases is preceded 
by a period of quiescence during which no reaction occurs. This 
phenomenon, to which they applied the name “ photochemical 
induction,” remained a puzzle to early experimenters, until Burgess 
and Chapman, in a now classical paper (J., 1906, 89, 1899), showed 
it to be due to the inhibiting action of small quantities of ammoniacal 
impurities present in the water of the insolation vessel. 

The explanation suggested by Chapman and McMahon (J., 1909, 
95, 1717; 1910, 97, 847) was based on the supposed production of 
small quantities of nitrogen trichloride, by the chlorine from the 
ammoniacal impurities, and the subsequent oxidation of the 
hydrogen chloride as it was formed, presumably according to the 
equation NCI, + 3HCl = NH,+ 3Cl,. Such an explanation suffers 
from the defect that it puts no limit to the period of induction, 
for the ammoniacal impurity is repeatedly regenerated, and should 
therefore continuously suspend the formation of hydrogen chloride. 
It is also extremely difficult to conceive of a minute trace of foreign 
substance completely inhibiting a homogeneous gaseous reaction by 
secondary reaction with one of the products; at best we should 
expect a decrease in the velocity of hydrogen chloride formation 
dependent on the concentration of the nitrogen trichloride in the 
system. | 

The later suggestion of Chapman and McMahon (loc. cit.), that 
the activated chlorine molecules are used up in sensitising the 
reduction of the inhibitor by hydrogen, has been confirmed by 
Norrish and Rideal (this vol., p. 787) for the case of the anticata- 
lytic effect of oxygen and may well apply in the case of some of the 
other impurities, e.g., nitrogen peroxide; but it is overstrained if we 
attempt to explain the complete inhibitory effect of ammonia by its 
means. The two series of phenomena are quite distinct and cannot 
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be grouped together. On the one hand, the additions of relatively 
large quantities of oxygen merely decrease the velocity of hydrogen 
chloride formation in inverse ratio to its concentration, whilst on 
the other, much smaller quantities of ammonia (as will be evident 
from the data of this paper) completely inhibit the hydrogen—chlorine 
reaction for a period of time proportional to the quantity of ammonia 
added. The subsequent hydrogen-chlorine reaction which sets 
in suddenly at the end of the induction period rapidly reaches a 
maximum velocity which from the observed Draper effects bears 
no relation to the original ammonia concentration. 

These difficulties led the present author to reject the mechanism 
suggested by Chapman and McMahon as insufficient, and particularly 
since the conclusions arrived at in Part I of this paper indicate an 
alternative explanation which is more in accord with experimental 
fact. If the deduction that the primary photochemical dissociation 
of the chlorine occurs at the water film covering the walls of the 
vessel is accepted, we have a very simple means of explaining the 
induction period as due to a surface poisoning by preferential 
adsorption of ammonia derived from these impurities. We may 
suppose that the ammonia covers the surface, and removes from 
the sphere of action the water essential to the chlorine dissociation, 
and that the poison must first be removed by reaction with the 
illuminated chlorine before the surface can be rendered active. 

In order to test the likelihood of this view it was necessary to 
obtain quantitative data relating the induction period to the amount 
of ammonia, chlorine, and hydrogen in the system, and to the surface 
extent, and to this end the experimental researches described below 
were undertaken. The measurements which have been obtained 
have proved accurately reproducible, and consistent with the 
hypothesis of surface poisoning advanced above. 

In devising an apparatus capable of dealing rapidly and accurately 
with small quantities of ammonia, it was deemed necessary to 
dispense with water, present in the insolation vessels of most workers, 
as absorbent for the hydrogen chloride. As it was only necessary 
for the present purpose to observe the instant of onset of the 
hydrogen-chlorine reaction and not its velocity, advantage was taken 
of the Draper effect or sudden increase of pressure of the gaseous 
system due to the heat given out when the hydrogen and chlorine 
start reacting. Another difficulty proved the admission of a small 
and accurately known amount of ammonia gas to the system. This 
was eventually solved by making use of the molecular compound 
of silver chloride and ammonia, 2AgC1,3NH, (Bodlander, Z. phystkal. 
OChem., 1892, 9, 730), which exerts a known and manageable dis- 
sociation pressure of ammonia at the ordinary temperature (Isam- 
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bert, Compt. rend., 1868, 66, 1529) and could be used as a source of 
definite small doses of ammonia. 

The apparatus used may be described by reference to Fig. 1. 
The reaction vessel consisted of a glass bulb (A), of capacity 185 c.c. 
and diameter 7-0 cm. for most of the experiments described. The 
reaction chamber was connected on the one hand to the gas supplies 
and vacuum pumps via tap (15), and on the other to an enclosed: 
Bourdon gauge (C). This gauge, which is efficient either as a 
direct-recording instrument for small pressure changes of from 


Fie. la and 16. 


1 mm. to 50 mm., or as a “ null ”’ instrument for recording pressures 
up to one atmosphere, is made by blowing a thin glass bulb of about 
7 cm. capacity, attaching a style of glass about 20 cm. long, and then 
heating in the flame and sucking in one side to the shape shown at 
(C) in Figs. la and lb. Variation of pressure inside the gauge 
caused movement of the style, the shadow of which was focussed on 
a translucent scale (J) and observed through a magnifying glass or 
telescope (K). The gauge was sealed inside an outer vessel (R), 
the internal pressure of which could be varied by allowing air to 
enter or leave by tap (11), and measured by means of the mercury 
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manometer (D). By equalising the pressures outside and inside 
the gauge, the pressure of the chlorine gas in A could be measured 
without the direct use of mercury manometers, which are corroded 
by the gas. The gauge also proved an accurate and efficient indi- 
cator of the small pressure changes due to the Draper effect used as 
the basis of these measurements. 

The source of illumination was a quartz mercury vapour lamp 
(L) carrying a direct constant current of 3-5 amp. from a 220- 
volt supply, and placed 20 cm. from the front surface of the 
bulb (A). The light from the lamp traversed a water cooler (F), 
with parallel plate-glass sides, which removed the infra-red and 
ultra-violet rays, and could be screened from the reaction vessel by 
means of the opaque screen (G). The reaction bulb also and the 
greater part of the gauge were enclosed in a tin canister as a screen 
from adventitious radiation. The amount of light falling on the 
bulb was limited by a hole, 4 cm. in diameter, in the side of this 
canister, and a stop of the same diameter placed in front of the 
water cooler: These conditions were kept constant throughout 
the whole of the comparative measurements to be described. The 
technique of the chlorine and hydrogen manipulation was essentially 
the same as that described by Norrish and Rideal (this vol., p. 787), 
except that the pressure of the former gas was measured by means — 
of the Bourdon gauge as already described. The chlorine was 
obtained from a cylinder of liquid chlorine, was purified from any 
hydrogen chloride or ammonia by passage through water, and dried 
by means of fused calcium chloride. Independent analysis showed 
that the gas delivered by the cylinder contained no detectable 
oxygen. The hydrogen was obtained from a cylinder of the com- 
pressed gas, and carefully purified from oxygen by passage and 
repassage over red-hot palladised copper; it was stored in an 
aspirator over strong soda solution and dried by calcium chloride 
before admission to the apparatus. The silver chloride-ammonia 
compound was enclosed in the blackened bulb, B, which was isolated 
by stopcocks (7) and (9) from the rest of the apparatus and kept 
filled with pure hydrogen. Definite doses of ammonia could be 
expanded from B into A by means of the hydrogen gas as carrier. 
The other connexions of the apparatus are sufficiently evident 
from the diagram and need no description. 

After a preliminary evacuation of the reaction vessel (A) and gauge 
envelope (R) by means of the water-pumps, the former was exhausted 
by the Toepler pump until the pressure of the contained air indicated 
by the McLeod gauge was not greater than 0:05 mm. The pump 
was then shut off from the apparatus and tap (8) closed. “‘ Ammoni- 
ated hydrogen ”’ was then expanded from B into A via taps (9) and 


ae 


PHOTOCHEMICAL UNION OF HYDROGEN AND CHLORINE. 2327 


(15) until the required pressure, indicated by the mercury mano- 
meter (HK); was attained. Simultaneously air was allowed to enter 
the envelope (R) until the same pressure was reached. The bulb 
(B) was then refilled with hydrogen for later use, by way of taps 
(2), (4), and (7). After re-evacuation of the connecting tubes, 
hydrogen to the required pressure registered by the manometer E 
was expanded into the reaction vessel with the simultaneous 
admission of air to the gauge envelope, as before. Finally, after 
the connecting tubes had been again evacuated and ‘“ washed 
out ’” and the manometer E isolated by tap (10), the chlorine was 
expanded from its container into the reaction vessel, its pressure 
being measured by adjusting the style of the gauge to zero on the 
scale by simultaneously admitting air to the envelope (R). 
During this period of gaseous manipulation the lamp had been 
allowed to reach a steady state of running, the screen (G) being in 
position. The bulb containing hydrogen, chlorine, and ammonia 
at known pressures was now exposed to radiation from the lamp, 
the instant of removal of the screen being noted. The image of the 
style of the gauge on the illuminated scale was now watched, and 
readings of its position were made at short intervals. In general, 
during the induction period the gauge indicator steadily remained 
at zero, and when this terminated, the onset of the hydrogen— 
chlorine reaction was marked by a very sudden movement of the 
style along the scale, as a result of the pressure increase due to the 
emission of heat by the combining gases. The time from the first 
instant of illumination to the moment when the first movement of 
the gauge indicator was observed was noted as the induction period. 
The increase of pressure rapidly reached a maximum, and continued 
with a very slow fall as long as the gases were illuminated. If the 
screen were replaced, the pointer immediately moved back to zero, 
and on re-illumination the Draper effect immediately manifested 
itself; showing that there is no tendency for the induction period 

to reappear. <A typical graph of these pressure changes is given in 

Fig. 2 and it will be seen that they are sharp enough to enable the 

induction period to be obtained to a high degree of accuracy. Its 

termination could usually be marked to a second or so by means of 

a stop-watch. 

No control of the temperature was included in the apparatus, 

and was purposely omitted, since water cooling tends to minimise 

the Draper effect, which is required to be as large as possible for 
the accuracy of these measurements. The loss of accuracy by this 
omission is probably very small, since it is well known that photo- 
chemical reactions are in general little affected by small changes of 
temperature. In any case, the temperature of the room rarely 
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varied from 17° by more than one degree. The temperature of the 
bulb B was always recorded and from a knowledge of the dissociation 
pressure of the silver chloride-ammonia compound, and the amount 
of hydrogen expanded from B into A, the quantity of ammonia 
carried into the reaction chamber could be calculated. 

In Tables I, II, and III are given the results of measurement of 
the induction period under standardised conditions. 

(a) Varying the ammonia pressure and keeping the pressure of 
hydrogen and chlorine constant. 

(6) Varying the hydrogen pressure, and keeping that of the 
chlorine and ammonia constant. 

(c) Varying the chlorine pressure and keeping that of the ammonia 
constant.* 

Fie. 2. 


Pressure changes on illumination, showing induction period. 
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TABLE I, 


Variation of Induction Period with Pressure of Ammonia. 


Total pressure of hydrogen 160—170 mm. 


Total pressure of chlorine 470—490 mm. 


x = pressure of ‘“‘ ammoniated hydrogen ’’ admitted to reaction vessel in 


mm. of Hg; p, the pressure of ammonia in mm. of Hg, = # x 0-0116 (correct 
to 0:05 mm. of Hg); 7 = induction period in seconds. 


Le p. Dead) os ab OTe. ee p. Te (Dp). x 10% 
0 0 0 —- 102 1-30 510 3-9 

iby 0:15 60 4-0 124 1-45 570 3-9 

13 0-15 55 3°7 149 1-75 710 4:1 

30 0:35 145 4-1} 166 1-95 925 4:7 

30 0-35 135 3°9 167 1-95 820 4-2 

55 0-65 250 3°8 Mean 4:02 

82 0-95 375 4:0 


* Tt was unnecessary to keep the hydrogen pressure constant in this series, 
since, aS will be seen from Table II, its variation has no effect upon the 
period of induction. 
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TaBiy IT. 
Effect of Hydrogen Pressure on the Induction Period. 


Pressure of ammonia 0-35 mm. of Hg. 
Pressure of chlorine 195—210 mm. of Hg. 


Pressure of hydrogen in mm. 


ELEN A i a 7 117 149 200 300 410. 468 
Induction period in seconds 1607 188° 170.) 165" 180°) 176" 786 


TasuE IIT. 
Pressure of ammonia 0-35 mm. of Hg. 
Induction period in Induction period in 
seconds. seconds. 
Pressure of M ea Pressure in SORPR ES ERAT 
chlorine in Cale. 7 = chlorine in Cale. T = 
mm. of Hg. Obs. 90 (1 + 200/P). mm. of Hg. Obs. 90 (1-+ 200/P). 
46 540 481 235 160 167 
49 420 459 272 140 156 
73 348 338 314 150 148 
105 250 262 372 135 138 
146 225 213 402 136 136 
208 170 Ly 48] 135 128 


It will be seen from these results and the corresponding curves 
in Figs. 3 and 4 that the length of the induction period is (a) directly 
proportional to the pressure of ammonia, (b) independent of the 
hydrogen pressure, and (c) increased at first slowly and later more 
rapidly as the pressure of the chlorine is decreased. 

These results are not consistent with the view of Chapman and 


McMahon that the ammonia or its derivatives are removed from 


the system by the hydrogen chloride as it is formed, since the rate 


| of production of the latter is dependent on the hydrogen pressure, 


while, according to (c) above, the induction period is independent 
of the hydrogen pressure. On the other hand, they do accord with 
the hypothesis that the ammonia is removed by reaction with the 


_ chlorine, which could occur according to the following equations : 


2NH, + 3Cl, = N, + 6HCl. 
6HCl + 6NH, = 6NH,CL. 


The production of ammonium chloride in the bulb was indeed 


confirmed by the analysis of an easily sublimable, white deposit 


which formed on the walls of the reaction chamber when it was used 


Several times successively with high ammonia pressures. This 


deposit could easily be removed by warming the bulb and washing 
it out several times with air. A very dilute solution of the deposit 
in water gave a precipitate with Nessler’s solution and a turbidity 


with silver nitrate, proving it to be ammonium chloride. 


A 
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The results set forth in Figs. 3 and 4 cannot, however, be inter- 
preted as due to a homogeneous gaseous reaction between the chlorine 
and ammonia, but are in agreement with the view that this reaction 
occurs on the illuminated surface of the vessel. Thus, in the 
presence of a large constant excess of chlorine, a homogeneous 
gascous reaction would be unimolecular with respect to the ammonia, 
and the induction period, corresponding with the time required to 
remove the ammonia; would vary according to the dotted curve 
shown in Fig. 3; moreover, for constant pressures of ammonia, the 
induction period should vary in inverse ratio to the chlorine 
pressure, which is not found to be the case. 


Fig. 3. 
Variation of induction period with ammonta-pressure. 
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On the other hand, if it is assumed that the surface is at all times 
saturated with respect to ammonia, and that this is removed by 
reaction with the bombarding chlorine molecules under the influence 
of the light, a simple explanation is afforded of the above data. 
Let the whole surface water film, of area s, be covered with ammonia, 
and let a fraction, 6, at any moment be reacting with chlorine. 
The rate of evaporation of the products of this reaction will be 
proportional to this area, and may be written vs, where v is constant. 
The rate of reaction of chlorine will be proportional to the pressure 
of the chlorine (P) (i.e., number of collisions with the surface per 
second) and to the disengaged ammonia surface, (1 — @) s. When 
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‘a steady state has set in at the surface, the rate of reaction between 
the ammonia and chlorine will equal the rate of evaporation of the 
products, and we may write therefore 


| vos = kP(1 — 6)s, 
& being constant. 


Whence 6=kP/(v + kP). 
Hence the rate of destruction of the ammonia is 
¢ = v0s = vkPs/(v + kP). 
Let p be the pressure of ammonia introduced into the reaction vessel 
‘of volume v. Then the total quantity of ammonia to be removed 


Fie. 4. 
Variation of induction period with pressure of chlorine. 


0 100 200 300 400 500 ~=600 
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| by this surface mechanism is measured by pv, and the time required 
is the induction period, 7’. 

: Hence T= polr = po(v + kP)/svkP. 

| Writing 1/v = a and v/k = 6, we obtain 7 = apv(1 + 6/P)/s. 

If P, the pressure of the chlorine, and the illuminated surface, 
8,§be maintained constant, we have the linear relationship between 
the initial pressure of ammonia and the induction period obtained 
experimentally and shown in Fig. 3. 

If, on the other hand, the pressure of ammonia, p, and the 
illuminated surface be maintained constant, then the induction 
Period depends on the ees pressure according to the relationship 


= k(1 + 6/P). 


f 


| 


> 


ee 
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Expressing 7’ in seconds, and P in mm. of mercury, and giving to 
k and b the values 90 and 200 respectively, the curve of this equation 
has been plotted in Fig. 4; it will be seen that the deviation of the 
experimental points is in all cases small. The values for the induc- 
tion period calculated according to this expression are also tabulated 
in the third column of Table ITI. 

Finally, the formula for the induction period involves no term 
dependent on the hydrogen pressure, in conformity with the data 
of Table IT. 

As a final and crucial test of the expression developed above, it 
remained to show that the induction period is dependent on the 
volume of the reaction vessel and the extent of illuminated surface, 
by a suitable variation of the dimensions of the vessel A. 

It will be seen that for constant pressures of chlorine 7'/p « v/s. 
A second bulb was therefore prepared of volume 45 c.c. and diameter 
4-4 em., and interchanged with the original one. The dimensions 
of the stops limiting the light were kept at the original magnitude 
(4 cm. in diameter), so that the change in the dimensions of the 
illuminated surface was relatively small. This was deemed necessary, 
since the field of illumination could not be considered uniform. 
Comparative runs with the two bulbs, as will be seen from the 
results of Table IV, showed unmistakably that the quotient Induc- 
tion period/Pressure of ammonia is proportional to the volume of 
the vessel, when the illuminated surface s is kept constant. 


TABLE IV. 
Variation of Induction Period with Volume of Vessel. 


Pressure of chlorine ca. 480 mm. of Hg. 
Pressure of hydrogen 150—170 mm. of Hg. 


Volume of vessel Pressure of 
_ plus gauge ammonia, p, in Induction period, 
(6 .0,0,)'/ =) 4 .6.c, mm. of Hg. 7’, in secs. Tp. . 
50 1-77 180 ' 1-02 
1-96 180 0:92 
1:78 185 1-04 
Mean value 1-00 
190 See Table I. Mean value 4:02 


Thus the ratio of the volumes of the two bulbs is 190/50 = 3:8, 
whilst the ratio of the quotients 7'/p is 4:02/1-00 = 4-02, a suffi- 
ciently close agreement. 

As a means of keeping the volume constant and varying the 
surface, a bulb containing glass wool was prepared, of 200 c.c. free 
space. The illuminated surface, limited by the same stops as 
previously, was in this way augmented by the irregular surface of 
the glass wool immediately in contact with the front face of the 
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bulb, and though the back face of the bulb now received no light, 
the total illuminated surface was considerably in excessfof the 
surface of the bulb containing no glass wool. In spite of the fact 
that all the ammonia had now to diffuse to the forward surface” of 
the bulb, through the interstices of the obstructing mass of “glass 
wool, the induction period was markedly shortened, the quotient 
7’ /p being reduced from 4 to 3, as is shown by the results set out in 
Table V. 
TABLE V. 


Variation of Induction Period with Surface of Vessel. 


Pressure of chlorine ca. 480 mm. of Hg. 
Pressure of hydrogen ca. 160 mm. of Hg. 


Ammonia Induction 
pressure, p, in period. 
Reaction vessel. mm. of Hg. T (secs.). Tlp x 10°. 
Original (volume 190 c.c.) See Table I. Mean value 
4-02 
Surface increased by glass i ot nay ae 
wool (volume 205 c.e.). | 9.7 620 2-95 


These results (Tables IV and V) therefore show (other things 
being equal) that the induction period is (quantitatively) propor- 
‘tional to the volume of the reaction vessel and (qualitatively) 
inversely proportional to the illuminated surface, as required by the 
surface poisoning hypothesis’’ developed in this paper. It 
would indeed be difficult to escape from the view, even if the evidence 

given in Part I were not available, that the sudden onset of the 
hydrogen—chlorine reaction, at the termination of the induction 
period, is due to the liberation of the illuminated surface from the 
adsorbed ammonia, and its consequent activation for the primary 
photochemical reaction of the hydrogen-chlorine system. 


Summary. 


The view developed in Part I is extended to account for the 
phenomenon of photochemical induction as a surface poisoning 
effect by ammonia derived from traces of nitrogenous impurities. 
Ammonia is assumed preferentially to combine with the catalytically 
active water film, and to require removal by photochemical reaction 

with the chlorine before the primary reaction can occur. 

A quantitative study of the induction period, produced by adding 

known doses of ammonia to the hydrogen-chlorine system, has been 
undertaken. The results can be expressed by the formula 


T = apv(1 — b/P)/s, 
where 7’ is the induction period, p, P are the pressures of ammonia 
, 
le 
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and chlorine, v and s are the volume and surface of the reaction vessel, 
and a and 0 are constants; and are consistent with the surface 
poisoning theory set out above. 


The author desires to thank the Department of Scientific and 
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CCCXVII.—Selective Solvent Action. Part IV. 
Cryoscopy in Mixed Solvents. 


By Ropert WRIGHT. 


Tue depression of the freezing point of a solvent produced by the 
addition of a solute may be diminished by the subsequent addition 
of a third substance; the diminution may be due to various causes 
based on the decrease in the concentration of the solute molecules 
or complexes in the solution. 

In recent papers (J., 1922, 121, 2252; 1923, 123, 2493; 1924, 
425, 2068) dealing with the partial vapour pressures of aqueous 
alcohol, it has been shown that a substance soluble in only one con- 
stituent of the aqueous alcohol will, when added to the mixed solvent, 
lower the vapour pressure of the constituent in which it is soluble 
and raise the vapour pressure of the other. The formation of solvates 
would account for this behaviour. Similar results might be expected — 
from a study of the freezing points of such systems. Mihaly 
(Z. physikal. Chem., 1897, 24, 13) observed that the addition of 
water to the mixed solvents alcohol—benzene, phenol—benzene, and 
acetic acid—benzene raised the freezing point of the benzene, and 
attributed the results to the formation of hydrates. A cryoscopic 
examination was therefore made of a considerable number of semi- 
solutes in the mixed solvents named in Table I (aleohol—water gave 
indefinite freezing points). As a rule, no difficulty was found in 
determining the freezing points to 0-02° by the ordinary Beckmann. 
method. 

As anticipated, the freezing point of the constituent in which the 
semi-solute is insoluble is always raised by the addition of the semi- 
solute. When the concentration of the latter is plotted against the: 
elevation of the freezing point a continuous curve results with a 
break at the point of formation of two liquid phases. 

The insolubility of the solutes in the first constituent of the mixed 
solvent was tested by noting the effect of excess of the solute on. 
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TABLE J. 


Nicotine—Water. 


40 C.c. of nicotine in 100 c.c. of water. Density 1-007. F. p. of solution —2°, 
20 C.c. of solution used as solvent. 


w = wt. in g. of the third substance and e° = elevation of the f. Pp. 


Benzene: wW ......ccee0- 0-0770 00-1385 0-2130* 0-2977 0-3185 
Me ae it ar Lin 0-030 0-048 0:072 0-081 0-083 
Carbon tetrachloride : 
SAS RRR at 0:0965 0:2020 0-2985* 0-3995 0-5250 
BT So elas cece cee coke 0-010 0-022 0-027 0-030 0-031 
Chloroform: w ......... 0-0795 0-1640 0:-3020 0:-4070* 0-5220 0-6535 
rege oes 0-023 0-036 0-075 0-095 0-115 0-126 


Methyl salicylate: w. 0:0655 0-1430 0-2145 0-2955* 0-3920 0-5070 
e° 0-043 0-063 0-108 0-125 0-125 0-125 


Monobromonaphthalene : ‘ 
geeks exten Fen biog. 0:0460 0-0975* 0-1375 0:1780 0-2170 
OTL Bo. Meese 0-045 0-060 0-068 0-070 0-070 


Alcohol—Benzene. 


25 C.c. of alcohol in 100 c.c. of benzene. Density 0-853. F. p. of benzene 
: 55°. F. p. of solution 1:3°. 20 C.c. of solution used as solvent. 


Citric GOL © OW hae owets 0:0220 00-0330 0:0445 0-0625 0-10385 excess 
: ress: ik 0-060 0-100 0-145 0-180 0:250 0:770 
‘Tartaric acid: w...... 0:0130 0-0350 0-:0495 0:-0667 0-0870 excess 
| rie pe 0-030 0-090 0-118 0-155 0-197 0-367 
Oxalic acid: w ......... 0:0280 0-0590 0-0880 0-1235 0-1550 excess 
Beane Soy 0-065 0-135 0-200 0:295 0-355 2-100 


Cadmium iodide: w 0-0482 0-1132 0:2027 0-3092 0-4127 excess 
e° 0-042 0-083 0-125 0-190 0-252 1-105 


Acetone—Benzene. 


20 C.c. of acetone in 100 c.c. of benzene. Density 0-856. F. p. of solution 
: —6:2°. 20 C.c. of solution used as solvent. 

‘Mercuric chloride: w 0:1375 0:2035 0:3245 0:4370 excess 

e 0-130 “0-200 ° 0-290 0-420 0-920 

Cadmium iodide: w 00-0730 excess 

. e° 0-110 0-480 


Alcohol-Ethylene Dibromide. 


25 C.c. of alcohol in 100 c.c. of ethylene dibromide. Density 1-888. F. p. 
of ethylene dibromide 9-5°. F. p. of solution 5°. 20 C.c. of solution used as 


solvent. 
Oxalic acid: w...... 0:0938 0-1561 0-2298 0-3073 0:4083 0-5028* 0-6001 
Aree 0-175 0-298 0-448 0-610 0-795 0-970 1-115 
Sipe ee 0:7555 00-9523 1:1182 excess 
eta in 1:375 1-615 1-755 2-080 
Citric acid: w...... 0-1140 0-2032 0-2875 0-4058 0-6365* excess 
BT ands 0-170 0-275 0-410 0-590 0-830 1-030 


Tartaric acid: w... 0:1060 0-1805 0-3360 excess 
e°... 0-160 0-260 0-440 0-480 
Water: w ............ 0:0710 0:1365* 0:2335 0-3025 0-4005 0-4830 0-6510 
e° 0-250 0-510 0-780 0-950 1-110 1-210 1-470 


ee ee 


* System separates into two liquid phases. 
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the freezing point of the pure constituent. Thus excess of water 
lowered the freezing point of ethylene dibromide by 0-08° and 
mercuric chloride lowered the freezing point of benzene by 0-05°. 
The effect produced by all other solutes was less than 0-02°. 

It thus seems evident that a semi-solute when dissolved in a 
mixed solvent forms solvates with the constituent in which it is 
soluble, and as a result raises both the freezing point and the 
vapour pressure of the other constituent. Thus the addition of 
alcohol to benzene lowers the freezing point of the latter and—on 
the solvate theory—forms alcohol-benzene complexes. The sub- 
sequent addition of water decomposes some of these with the 
formation of water-alcohol complexes; benzene is thus liberated 
and a more dilute solution with a higher freezing point is produced. 

An attempt was made to carry the investigation a step further 
by adding glucose to the homogeneous solvent consisting of 10 c.c. 
of benzene, 10 ¢.c. of alcohol, and 2 c.c: of water, but the results 
obtained were too indefinite to be of any value. 

The effect of solutes soluble in both constituents of a mixture of 
equal weights of alcohol and benzene was also examined. The 
solutes used were acetanilide (11), benzoic acid (4), picric acid (0-8), 
naphthalene (0-3), and phenanthrene (0-08). The figures after each 
substance indicate roughly the ratio of its solubility in alcohol to | 
that in benzene. | 

Table II shows that the solutes which are more soluble in alcohol 
at first raise the freezing point of the benzene and afterwards, 
at higher concentrations of solute, depress it; whilst those substances 
which are more soluble in benzene than in alcohol depress the 
freezing point of the benzene at all concentrations. This may be 
explained by the view that the substances more soluble in alcohol 
form solvates with the alcohol more readily than with the benzene, | 
and only at higher concentrations, where the alcohol is to some extent 
bound, does the depression of the freezing point of the benzene take 
place. On the other hand, substances more soluble in benzene 
naturally depress the freezing point in all concentrations. : 

If it may be concluded from the above results that a substance 
which at first raises the freezing point of the benzene in the 50% 
aleohol-benzene mixture and then depresses it is more soluble in 
alcohol than benzene, whilst a substance which, even in low con- 
centration, depresses the freezing point of the benzene is more soluble | 
in it than in the aleohol; then the method may be applied to dis-_ 
criminate between the Palatine attractions of benzene and alcohol 
for a third liquid which is completely miscible with both. Thus if 
acetic acid has a greater attraction for alcohol than benzene, it will 
at low concentrations raise the freezing point of the benzene in the 


| 
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F TABLE II. 


_ Changes in the freezing point of benzene in a 50% (by weight) alcohol— 
benzene mixture produced by solutes soluble in both constituents of the 
solvent. F, p. of solution —5:5°. 20 Ce. of solution used as solvent. 


w = wt. in g. of the third substance and e = elevation of the f. p. 


Acetanilide. Benzoie acid. Naphthalene. 

w. é. Ww. é. Ww. é. 
0-0125 0-09° 0-0475 0:03° 0-0885 —0-18° 
0-0268 0-18 0-1065 0-03 0-2130 —0:50 
0:0420 0-20 0-2190 — 0:06 0-3740 —]-11 
0-0767 0-23 0-3545 — 0-33 
0-1135 0-38 0-4870 —0°47 Phenanthrene. 
0-1660 0-28 00335 — 0-07 
0-2300 0-18 Picric acid. 0:0647 —0-10 
0-3145 0-13 0:0805 — 0:04 0-1170 — 0-30 
0-4090 0-06 0-1775 —0-16 0-2145 —0-51 
0-5620 — 0-03 0-3255 — 0:38 0-3100 —0:73 
0-7030 —0-14 0°5045 — 0-53 

0:6900 — 0-83 


Changes in the freezing point of benzene in a 50% (by weight) alcohol— 
benzene mixture produced by solutes completely miscible with each 
constituent of the mixture. 20 C.c. of the solution used as solvent. 


Methyl Propyl isoButyl tert.-Amyl 
alcohol. alcohol. alcohol, alcohol. 


Ww. é. Ww. e. Ww. é. Ww. é. 
0:0450 0:07° 0-0570 0-06° 0-0300 0-13° 0-0420 0-00° 
0-0905 0-17 0-1250 0-05 0-0650 0-10 0-0740 0-00 
0-1490 0-16 0-2235 0-01 0-1110 0-06 0-1070 0-00 
0-2215 0-18 0-4020 —0-19 0-1740 0:04 0-1490 —0-02 
 0-3250 0-17 0:-6160 —0-46 0-2715 0-03 0:2185  —0-09 


0-4740 0-01 0:3960 —0-04 0-2950 —0-09 
0:5780 —0-17 0-3930 —0-08 
0-7780 —0-25 0-5530 —0-14 


0-6710 —0-24 
| 0-8720 —0-38 
| n-Heptyl alcohol. = Octyl alcohol. Acetic acid. Propionic acid. 
 0-0315 0:00 0:0375 —0-02 0-0385 0:00 0:0400 —0-01 
0-0655 0:00 0-0810 —0-04 0-0955 0:00 0:0860 —0-:07 
01130 —0-09 00-1405 —0-06 0:1770 —0-17 00-1770 —0-09 
» 0-1780 —0-17 02120 —0-14 
02840 —0-30 
Butyric acid. Toluene. Ethylbenzene. Nitrobenzene. 
0:0415 —0-02 0:0570 —0-20 0-:0442 —0-23 0-:0630 —0-12 
_, 90-0890 —0-:02 0-1100 —0-38 0-1432 —0-66 01170 —0-19 
. 0:1845 —0-08 0:1690 —0-76 0:2272 —1:03 0:2650 —0-35 
0-3450 —0-36 . 
Phenylethyl Carbon 
Aniline. Benzyl alcohol. alcohol, tetrachloride. 
0-0565 —0-03 0:0555 —0-06 0-0505 —0-06 0-0650 —0-06 
0-1345 —0-1l 0-1310 —0O-1]1 0-1225 —0-14 01260 —0-13 
0:2295 —0-23 0:2450 —0-23 0:2640 —0-28 0:2425 —0-28 


90% mixture, but if the acid has a greater attraction for the benzene 
it will lower its freezing point at all concentrations. 
_ The results are tabulated for sixteen miscible solutes and it will 
_be seen that the lower members of the fatty alcohol series show a 
VOL. OXXVII. 41 
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greater attraction for ethyl alcohol than for benzene. Amyl — 


alcohol up to a considerable concentration has little effect on the 
freezing point of benzene in the mixed solvent and may therefore 
be considered to have almost equal attractions for the two constitu- 
ents. On the other hand, the higher alcohols and the aromatic 
compounds in general all seem to show a greater attraction for 
benzene than for alcohol. : 


A similar phenomenon is met with when a solute is distributed 
between two liquids with both of which the solute is miscible. Thus — 
acetic acid is miscible both with water and with benzene, but — 
measurements of the partition coefficient show that the acid is 


much more strongly attracted by the water than by the benzene. 
The same results are obtained when the acid is partitioned between 


water and carbon tetrachloride or water and toluene. Miscibility 


might therefore be considered rather as indefinite than infinite 
solubility. 
The mixed solvent was prepared from equal weights of the two 


constituents. The usual method of freezing-point determinations 
was employed, but owing to the great concentration of the alcohol 
in the 50% mixture the results are not very accurate, though there > 
was little difficulty in getting readings to within 0-05°. The results, | 


however, are only of a qualitative nature and great accuracy is not 
claimed for them. 


Guascow UNIVERSITY. [Received, July 15th, 1925.| 


CCCXVIIL—Colour and Molecular Geometry. Part IV. 
Explanation of the Colours of the Cyanine Dyes. 


By James Morr. 


THE conception (this vol., p. 968) that the height of colour depends 
in the majority of cases mainly on the distance between two positive 
centres in the molecule may be applied to all classes of coloured 
substances. In many familiar commercial dyes, however, the 
molecule contains extensive inactive parts, lying outside the two 


positive centres. These inactive parts produce a “ loading ”’ effect 


on the colour, raising the position of the absorption band by an 
amount varying between } and 10%. The cyanines, tsocyanines, 
v-isocyanines, azocyanines, and carbocyanines belong to this class. 
Before any explanation of their colours can be attempted it is 
necessary to estimate in quantitative terms the effect of the load.” 
This would have been unnecessary if all the parent substances had 
been made and their spectra measured. 
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The parent substances of these compounds are, respectively, 
di-4-pyridylmethane, (C,;NH,),CH., 2: 4’-dipyridylmethane, di-2- 
pyridylmethane, di-2-pyridylamine, (C;NH,).NH, and (for the 
three kinds of carbocyanine) 4:4’., 2: 4’-, and 2: 2’-dipyridyl- 
propenes, C;NH,°CH,°CH:CH:C,NH,. Miss Hamer was kind enough 
to present me with a specimen of di-2-quinolylamine, and I have 
succeeded in making the third substance and its methyl derivatives. 
Observations of these were sufficient, taken along with published 
data, to solve the problem. 

Scheibe and Rossner (Ber., 1921, 54, 786) made’ the very sig- 
nificant discovery that di-2-quinolylmethane, which is a nearly 
colourless substance, can be converted by dilute acid, at about 
Yu = 5, into a coloured phase which has practically the same 
absorption spectrum as W-’socyanine (which is the dimethyl deriva- 
tive of this diquinolylmethane). The colour of the W-zsocyanine 
salts is therefore due to the stable activation of the molecule by 
the methyl groups, which render the nitrogen atom (or possibly 
both nitrogen atoms) permanently quinquevalent. 

There is a minute difference between the colours of y-tsocyanine 
salts and of activated di-2-quinolylmethane: the observations 
show that the methyl “ colour-factor ” has the value 1-005 (A521 
for the former, and 2 516 * for the latter—referring to the highest 
band of each: the square root of the ratio of these figures is the 
methyl colour-factor). | . 

Similarly, comparison of my observations on activated diquinolyl- 
methane with those on activated dipyridylmethane enables the 
eolour-factor for quinolyl/pyridyl to be calculated; the top band 
of the latter is at 1 422, whence the colour-factor is \/516 /422, or 
1-105. 

This figure is much the same as the naphthol /phenol colour-factor 
previously established in the ordinary dicyclic family of dyes. It 
shows that the effect of the extra “loading” with a portion of a 
benzene ring is the same in the two families of colouring matters. 

Two other interesting regularities emerge from the observations. 
(A) All the cyanines have two bands close together, and the ratio 
of the absorption-centre wave-lengths for the two bands of each 
Substance is practically always 1-065. (B) By a remarkable 
coincidence also the change of linking from ortho to para [i.e., the 
change from 2 : 2’ (or w-iso) to 2 : 4’ (or iso), and from iso to ordinary © 
(2: 4’ to 4:4’)] involves the same factor 1-065. 

These factors therefore cancel in certain cases; the lower band 
of a 4: 4’-cyanine is in the same place as the higher band of the 


* Author’s observations in water: 4 units higher in alcohol. 


412 
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corresponding 2: 4’-cyanine, and the lower band of the latter is in 
the same place as the higher band of the corresponding 2 : 2'-cyanine. 

The whole of the family having thus been regularised, it is only 
necessary to consider a single example, wz., the simplest one, 
di-2-pyridylmethane, in order to find the distance between the 
positive centres on which the colour depends. 


The formula of this substance may be written 


C,H,NC-C-CNC,H,, 
5 alt 


2 

in which the atoms in positions 3, 4, 5, and 6 of the pyridine rings 
are written as‘C,H,. For the molecule in the activated condition, 
this becomes O,H,(NH)C:C:C(NH)C,H,. Since the C,H, groups 
lie obliquely to the chain NCCCN a small allowance may be made 
for this type of “‘ loading ”’ (see J., 1924, 125, 1139). The activated 
substance being found to have 1422, the value 1415 may be 
attributed to the chain NCCCN. From the graph in Part HI the 
distance between the centres of the nitrogen atoms in this chain 
is found to be 5-33 tenth-metres. 


Di-2-pyridylmethane. 2 : 4’Dipyridylmethane. 


Now if the five atoms were in a straight line, the distance would 
be (using Bragg’s data) (3 x 1-54) + (2 x 0-65) or 5-92 tenth-— 
metres. If the five atoms are arranged alternately (zigzag) at 


1093", Viz.. w/ Se the distance between the nitrogen centres _ 


is about 4:9 tenth-metres. If they are arranged in the same manner 
but with the double-bond angle of 125}4° between each carbon atom, — 


UZ. Sh Hea the distance is at 5-26 tenth-metres; which is 


sufficiently near what is required. Fig. 1 represents the result 
drawn to scale. It is to be noted that the central carbon atom is | 
almost in line with the two nitrogen atoms. The diagram for 
dimethyl-y-isocyanine iodide would be the same, with CyH, for | 
C,H,, two methyl groups on the nitrogen atoms, and HI added. | 
The diagram for dimethylisocyanine iodide would be as the fore-_ 
going, but with one nitrogen para to the central carbon atom, as 

shown for its parent-substance, 2: 4'-dipyridylmethane, in Fig. 2. 

Since the shape of the pyridine ring is not yet known, Fig. 2 cannot_ 
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be drawn to scale. Similarly, if both nitrogen atoms are para to 
the central carbon atom, the distance between the nitrogen centres 
is still farther increased, and the diagram for ordinary cyanine 
(which is blue, with 2» 590, when examined in water) is obtained. 

In the opinion of the author the subsidiary band of the cyanines 
is to be accounted for by a small alteration in one of the angles of 
the (otherwise rigid) configuration shown, say from 125° to 109°. 

The azocyanine family appears to be abnormal in one respect, 
inasmuch as the unmethylated member does not become activated 
with acid. In consequence the effect of the methyl groups is large 
(factor 1-06 instead of 1-005; see p. 2339). 

The carbocyanines probably have the zigzag arrangement 


N et meas Pete toed in which all the angles are 1251°, except one, 


which is smaller. On account of the great “ loading ” the distance 
between the nitrogen centres need not be greater than 6 or 64 
tenth-metres to agree with the high colour of these substances. 
The other factors have the same effect in this series as in the cyanine 
series (kryptocyanine 4711, 2: 4’-carbocyanine 2 657, pinacyanole 
i 607). 

The author’s restrictive definition of the term “auxochrome ” 
must be expanded to meet these cases, for it is obvious that nitrogen 
in a ring is the auxochrome of the cyanine family quite indepen- 
dently of its being alkylated or not: similarly, oxygen in a ring is 
the auxochrome of the natural phenylbenzopyranole colours and 
also of fluorescein in its acid phase. The terms auxochrome and 
hapton really connoted an intermediate stage in the rejection of 
the German theory of colour, and are now themselves generalised 
and replaced by the conception of two positive centres; a concep- 
tion which, combined with that of comparative molecular rigidity, 
is probably capable of explaining all colour phenomena (Part III, 

loc. cit.). 
| EXPERIMENTAL. 

The syntheses were all performed by adding phosphorus penta- 
chloride to a warm mixture of quinaldine (or methylquinaldinium 
iodide, or picoline, or methylpicolinium iodide, according to the 
_ Substance required) and 2-pyridone (or carbostyril). The latter 
_ two substances were made from pyridine or quinoline by means of 
_ hypochlorous acid (Hinhorn and Lauch, Annalen, 1888, 243, 343). 
The yield is poor; but the materials are cheap. 

Di-2-pyridylmethane, from picoline and 2-pyridone, is deep 
yellow in water containing a little alcohol and acetic acid : 42% about 
422 and 399. In the unactivated condition it is pale, and the 
_ upper band is absent. 
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1-Methyldi-2-pyridylmethane, from methylpicolinium iodide and 
2-pyridone, appears to be yellow (activated) under all conditions : 
AA about 425 and 400. 

2-Pyridyl-2-quinolylmethane, from quinaldine and pyridone or 
from picoline and carbostyril, is orange when activated and yellow 
when neutral. The bands are vague, but are roughly at 42 460 and 


434. There are two possible N-methy! derivatives of this sub- 


stance, viz., quinolyl-methylpyridyl-methane, C,H ,N-CH:C;H,NMe 
or C,H,N:C:C;H,NMe, and _ pyridyl - methylquinolyl - methane, 
C;H,N-CH:C,H ,NMe or C;H;N:C:C,H,NMe. Both are orange- 
brown in dilute acetic acid, but the preparations were unsatis- 
factory; both have much the same absorption, in which the upper 
band is abnormally faint: observed 14 488 and 460. 

Di-2-quinolylmethane, from quinaldine and carbostyril, is, as 
Scheibe states, pale in colour, but can be activated by dilute acetic 
acid so as to exhibit the high colour of dimethyl--isocyanine salts. 
The lower band is at about 2490 (see p. 2339 for the comparison 
with the cyanine). 

The l-methyl derivative of the foregoing has a colour and a 
spectrum almost identical with those of dimethyl-y-isocyanine 
iodide : observed A 519 and 490. 

Small quantities of the unknown primitive cyanines have been 
prepared. 1: 1’-Dimethyldi-2-pyridylmethane hydroxide anhydride 
(I) (which the author suggests should be named dimethylproto- 
cyanine) is yellow in solution with 2428 and 405. It is the 


fone 
(I.) Gai alien Nees \ SERA) (II.) 
NMeX NMe NMeX NMe 


pyridine analogue of dimethyl-y-isocyanine. The intermediate 
substance (II) is orange in solution and has apparently three bands, 
at 12 495, 465, and 430, the lowest being the strongest. The author 
suggests the name dimethylmesocyanine for this substance. 
Observations in water of Miss Hamer’s nitrogen-analogues of the 
2: 2’-cyanines (J., 1924, 125, 1348) gave the following results : 
Dimethylazocyanine : 44421 and 396 (this is 4 units lower than 
the discoverer’s observation in alcohol). 
Methyldiquinolylamine (termed by Miss Hamer methyldihydro- 
quinolenylquinolylimine) : 4 420 and 394. | 
Di-2-quinolylamine in acetic acid: A371 and 350. 
2-Aminoquinoline in acetic acid: 2340 broad (similar to carbo- 
styril: 2327). 


Both diquinolylamine and dimethylazocyanine have the same | 
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absorption in concentrated sulphuric acid solution, viz., narrow 
bands at 44 375 and 358. 


Summary. 


1. The positions of the bands of the cyanines are calculated by 
multiplying those of the isocyanines by 1-065. 
2. Those of the zsocyanines are obtained from those of the y-iso- 
cyanines by means of the same factor. 
__ 3. Those of the y-isocyanines are practically the same as those of 
di-2-quinolylmethane activated by very weak acid. 
4. Those of diquinolylmethane are derived from those of dipyridyl- 
methane by multiplying by the square of the factor 1-105. 
5. The bands of activated dipyridylmethane are explained on 
the author’s spatial theory of colour. 
6. The factor 1-065 (for calculating the positions of the bands of 
4 : 4’-compounds from those of 2 : 4’-compounds or 2 : 4’-compounds 
from those of 2 : 2’-compounds) holds good also in the carbocyanine 
series. 


GOVERNMENT LABORATORY, JOHANNESBURG. [Received, May 11th, 1925. ] 


CCCXIX.—The Infiuence of Nitro-groups on the Re- 
: activity of Substituents in the Benzene Nucleus. Part 


VIEL, 2:3- and 2: 5-Dinitro-p-chlorotoluenes. 
By JAMES KENNER, CHARLES WILLIAM Top, and Ernest WITHAM. 


Ir is well recognised that, in spite of much careful work, pre- 
eminently by Holleman, our present knowledge of the processes of 
substitution of the benzene nucleus does not permit complete 
confidence in forecasting the behaviour of more complicated 
derivatives towards substituting agents. The discussions in 
_ previous papers of this series indicate that this difficulty is perhaps 
less marked in the case of the mobility of substituents in aromatic 
nitro-derivatives; some instances of exceptional behaviour, how- 
_ ever, are on record (compare, e. g., Robinson and Robinson, J., 1917, 
411, 944). 
The difference between the two cases possibly lies in the fact that 
in ordinary substitution we do not yet know how to determine from 
which point, if any, in the nucleus to calculate the directive effect, 
whereas it seems clear that the mobility referred to is primarily 
determined by nitro-groups and that ortho-para-directive sub- 
stituents produce subsidiary effects only. In certain cases, how- 
| ever, these are decisive, and it is therefore of importance to compare 


2344 KENNER, TOD, AND WITHAM: THE INFLUENCE OF 


the effects produced by different substituents. For example, 
Morgan and his collaborators (J., 1920, 117, 784; 1921, 419, 1537) 
showed that 2-chloro-4 : 5-dinitrotoluene, on treatment with 
alcoholic ammonia, is converted into a mixture of the two possible 
chloronitrotoluidines, in which the m-derivative predominates : 


Me Me Me 
(No em (NCL ty (Yo 
NO Sy H 
\ / Daa NE Neos 
NH, NO, No, 


We have now supplemented this result by experiments on 4-chloro- 
2 : 3-dinitrotoluene (I) and the corresponding 2 : 5-derivative (IIT). 

4-Chloro-2 : 3-dinitrotoluene, prepared from 2 : 3-dinitro-p-tolu- 
idine (Scott and Robinson, J., 1922, 121, 844), was converted by 
methyl-aleoholic ammonia at 150° into 4-chloro-2-natro-m-toluidine 
(II), which was isolated to the extent of 70°% of that theoretically 
possible : 


Me Me Me 
TKO: aa /\NO, 
L Jno abv Negi heals j & ) 
Tite Mae ais Se an 
(I.) Cl Chi (Ti) Cl 


As indicated, the constitution of the product was established by 
its conversion into the known 4-chloro-2-nitrotoluene. No 4-chloro- 
3-nitro-o-toluidine was isolated in these experiments. 

4-Chloro-2 : 5-dinitrotoluene was similarly converted into a 
mixture of products, from which, by a somewhat lengthy process of 
separation, 4-chloro-6-nitro-m-tolyl methyl ether (IV), accompanied 
by a small quantity of the m-cresol itself, and 4-chloro-6-nitro-m- 
toluidine (V) were obtained, the yields being pian 20 and 30% 
of the theoretical. 

nee Me 


CIS 
NOK J 
Bet pate “nas 


as 
any Met 2” Morena 


(IV.) Cl Cl (VL) 


By elimination of the amino-group, the base (V) furnished 4-chloro- | 
2-nitrotoluene, whilst in order to establish the constitution of the | 
methyl ether (IV), the base was converted into a 4: 5-dichloro-— : 


NO, 
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2-nitrotoluene (V1), from which a product identical with the ether 
was easily prepared by treatment with sodium methoxide. No 
other definite products could be isolated from the above mixture, 
and it appeared that the tarry residues consisted of azo- or aZOXy- 
derivatives. ; 

In each of the three chlorodinitrotoluenes, therefore, the group 
that is displaced is the one in the meta-position to the methyl group 
rather than that in the meta-position to the chlorine atom, and it 


_ cannot be doubted that some fundamental difference between these 


’ 


| 


substituents is here involved. If we accept the evidence, derived 
from the behaviour of 3 : 4-dinitrotoluene (Kenner and Parkin, J., . 
1920, 117, 852) and 3 : 4-dinitrochlorobenzene (Laubenheimer, Ber., 
1876, 9, 1826; 1878, 14, 1156), respectively, that each of them 
favours the mobility of nitro-groups in the meta-position, the 
influence of the methyl group is seen to be stronger than that of the 
chlorine atom, a result in direct contrast with that arrived at by 
Holleman from the study of direct substitution. 

It would be premature to deduce any general conclusion from this 
single instance, but it is not at once obvious how such a contra- 
diction is reconcilable with the theory of alternate strong and weak 
bonds. According to the principle of induced alternate polarities, 
on the other hand, direct substitution consists in the replacement of 
a positive hydrogen atom, whilst mobile substituents are negative, 
so that a difference of the kind now revealed is conceivable. As 
against this, it has recently been suggested that the behaviour of 
nitrosobenzene on substitution “ distinctly favours” the alternate 
strong and weak bond theory (Ingold, this vol., p. 515). In reality, 
however, there is here a confusion of issues. For, although it is 
claimed that the principle of alternate polarities operates in the 
benzene nucleus and determines the point of substitution, it has 
also been pointed out (Robinson, Ann. fteports, 1922, 19, 102; 
compare also Allsop and Kenner, J., 1923, 123, 2296) that erroneous 
conclusions may arise from writing positive and negative signs in 
any group whatsoever. In such circumstances, the only proper 
procedure in investigating the validity of the. polarity principle 
consists in determining, from its directive effect, which sign must, 
according to the principle, be assigned to a given group, and then 
ascertaining whether this conclusion accords with the general 


_ behaviour of the group in other directions. Thus Ingold’s result 
_ would indicate that the nitroso-group is negative and hence should 


be comparable with chlorine and hydroxyl, so that the typical 
behaviour of these, when “ positive’ properties are imposed on 
them, as in hypochlorous acid and hydrogen peroxide, should be 


reproduced by nitrous acid. This is well known to be the case in 
4 1* 
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the reaction with hydrogen iodide, so that Ingold’s result cannot be 
accepted as evidence against the polarity principle. It remains, 
of course, to be explained why the nitroso-group as a whole reacts 
as though endowed with negative properties, and it seems 
questionable whether valid evidence on this point can be deduced 
from reactions, e.g., those with the Grignard reagent and with ethyl 
malonate, in which the group is broken up. 

In order to place the above results on a still surer foundation, 
the bases already mentioned, together with those alternatively 
possible, namely 4-chloro-3-nitro-o-toluidine (VII) and 4-chloro- 

5-nitro-o-toluidine (VILL), were synthesised by the aid of reactions 
briefly represented in the following scheme : 


Me Me 
vie ile 
mscapannieh nln ane (Wo? 
Me Dea te was 
/ NHAC Cl Cl 
Pa Me Me 
er 
> xo 4 NHAC matic (NH, (VIII.) 
sis al ae 
Cl Cl 
Me Me 
/ NNO / NNO 
| hileleri | Inetae 3O< 
\, Abe . he Me 
Me rm oF & )NHAc 
i (1 
Ct | oe Tn reas 
hes be 
(i Cl 


ExPERIMENTAL. 


Nitration of 4-Chloroaceto-o-toluidide—A mixture of the finely- 
powdered compound (20 g.) with glacial acetic acid (30 ¢.c.) and 
sulphuric acid (40 c.c.) was thoroughly stirred and maintained at 
10—15° during the addition of fuming nitric acid (d 1:5; 6 c.c.). 
After diluting the resulting stiff paste with ice-water, the solid 
material was collected, dried, and hydrolysed by boiling with 50% 
sulphuric acid (400 ¢.c.). From the mixture of weak bases precipi- 
tated by dilution with water, 4-chloro-5-nitro-o-toluidine, m. Pp. 
163—164° (Found: N, 15-4. C,H,O,N,Cl requires N, 15-0%), was 
isolated by crystallisation from benzene. Its aceiyl derivative, 
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prepared by using a mixture of acetic anhydride and acetyl chloride, 
separated from benzene in prisms, m. p. 181—182° (Found : N, 12:3. 
CyH,O3N,Cl requires N,  12-3°). 5-Chloro-2-methyl-p-phenylene- 
diamine, obtained from the nitro-base by reduction in glacial acetic 
acid solution with stannous chloride and hydrochloric acid, crystal- 
lised from benzene-light petroleum in white leaflets, m. p. 145—146° 
(Found: N, 17-9. C,H,N,Cl requires N, 18:1%). The compound, 
m. p. 146°, of unknown orientation prepared by Vorlander (Ber., 
1901, 34, 1652) from N-nitroso-o-tolylglycine was doubtless the 
same. The base responded to Lauth’s test, and its acetyl deriv- 
ative melted at 301°. The hydrochloride was prepared by Vehr- 
mann (Ber., 1915, 48, 2028) from 4-chloro-2 : 5-dinitrotoluene. 

4-Chloro-3-nitro-o-toluidine, light brown needles, m. p. 60—62°5°, 
was contained in the mother-liquors from the crystallisation of the 
5-nitro-isomeride, and isolated by distillation in steam and repeated 
crystallisation from benzene-light petroleum (Found: N, 15-2. 
C,H,O,N,Cl requires N, 15-0%). The acetyl derivative, m. p. 
194—195°, prepared by means of acetic anhydride in presence of 
sulphuric acid, separated from benzene in small prisms (Found : 
N, 12-5. C,H,O;N,Cl requires N, 12-3%). 

Nitration of 4-Chloroaceto-m-toluidide.—This compound, pre- 
viously described by Goldschmidt and Honig (Ber., 1886, 19, 
2411) as melting at 97°, was obtained in white needles, m. |e 
The nitration of the material, and hydrolysis of the product were 
performed as described in the case of the o-isomeride. Finally, 
steam was passed directly into the acid hydrolysis mixture until the 
melting point of the solid distillate was above 50°. 

4-Chloro-6-nitro-m-toluidine was obtained after diluting the liquor 
in the distillation flask with hot water and filtering from tarry 
matter; it crystallised from dilute alcohol in yellow needles (15 g.), 
m. p. 120—121° (Found : N, 15-2. C,H,O,N,Cl requires N, 15-0%). 
It was converted by reduction into 5-chloro-2-methyl-p-phenylene- 
diamine, and its acetyl derivative, prepared by means of acetic 
anhydride and sulphuric acid, separated from dilute alcohol in 
white leaflets, m. p. 134—135° (Found: N, 12:3. C,H,O,N,Ci 
requires N, 12:3%). 

4-Chloro-2-nitro-m-toluidine was the chief constituent of the 
above solid steam-distillate. It was redistilled from 50% sulphuric 
acid solution with steam artd then crystallised from dilute alcohol, 
lemon-yellow needles (4 g.), m. p. 52—53°, being thus obtained 
(Found: N, 15-1. C,H,O,N,Cl requires N, 150%). The orientation 
of the base follows from its identity with the base obtained from 
4-chloro-2 : 3-dinitrotoluene (v. infra). Its acetyl derivative, m. p. 


210—212°, prepared by means of acetic anhydride, ee from 
41" 
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absolute alcohol in small prisms (Found: N, 12-7. CyH,O,N,Cl 
requires N, 12-3%). 

4-Ohloro-6-nitro-m-tolyl Methyl Ether.—4-Chloro-6-nitro-m-tolu- 
idine (5 g.) was diazotised by Gattermann’s method (Annalen, 1912, 
393, 200) by solution in nitrosylsulphuric acid (33 g. equiv. to 
1:8 g. of sodium nitrite). The solid produced on adding the cooled 
solution to a solution of cuprous chloride (2 g.) in hydrochloric acid 
(18 g.) at 0° was collected and distilled in steam. 4: 5-Dichloro- 
2-nitrotoluene (3 g.), thus obtained, separated from methyl alcohol 
in yellow needles, m. p. 63° (compare Cohen and Dakin, J., 1902, 81, 
1349). When the dichloro-compound (3 g.) was heated at 100° with 
a solution of sodium (0-3 g.) in methyl alcohol (12 ¢.c.) for 7 hours, 
the solution became neutral and contained 4-chloro-6-1tro-m-tolyl 
methyl ether (2°33 g.), which separated from methyl alcohol in light 
straw-coloured needles, m. p. 121—122° (Found: N, 7 ate 
C,H,O,NCI requires N, 6:9%). 

4-Chloro-2 : 3-dinitrotoluene—This compound, prepared from 
2 : 3-dinitro-p-toluidine (Scott and Robinson, loc. cit.; Page and 
Heasman, J., 1923, 123, 3235) by the process described in the case 
of 4: 5-dichloro-2-nitrotoluene, crystallised from benzene—light 
petroleum in long, lemon-yellow prisms, m. p. 106-5° (Found : 
N, 13-1. C,H,0,N,Cl requires N, 12-9%). 

Action of Methyl-alcoholic Ammonia on 4-Chloro-2 : 3-dinitro- 
toluene.—TUhe chloro-compound (4:32 g.) was heated with methyl 
alcohol (54 ¢.c.) and ammonia (d 0-880; 10 c.c.) for 8 hours at 140— 
150°. After removing alcohol from the product and distilling the 
residue in steam, a solid material (3-8 g.) was obtained in a practically 
pure condition. It separated from dilute alcohol in light yellow 
needles, m. p. 52—53°, and was identified as 4-chloro-2-nitro- 
m-toluidine (a) by comparison with an authentic specimen and 
(b) by degradation to 4-chloro-2-nitrotoluene by adding a diazotised 


solution of the base (1 g.) in nitrosylsulphuric acid (6-6 g.) to boiling — 


absolute alcohol (200 c.c.) and distilling the product in steam after 
removal of the alcohol. 

Action of Methyl-alcoholic Ammonia on 4-Chloro-2: 5-dinitro- 
toluene-—The chloro-compound, prepared by Kehrmann’s method 


(Annalen, 1898, 303, 1; Ber., 1915, 48, 2028), was heated with the | 


‘same proportions of methyl alcohol and ammonia as the 2: 3- 
isomeride, but for 16 hours at 160°. The product left after removing 
the alcohol was extracted with six successive quantities of boiling 
concentrated hydrochloric acid (50¢.c.). The residue (0-86 g., m. p. 
100—104°), after treatment with benzene to remove tarry material, 
furnished almost pure 4.chloro-6-nitro-m-tolyl methyl ether (0-63 g.), 
which did not depress the melting point of an authentic specimen. 
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A further quantity (0-95 g.) of the same compound was isolated 
in a similar manner from the material (1-75 g.) deposited by the 
acid extracts on cooling. In addition, these yielded a product 
(0-1 g., m. p. 130—135°), which was soluble in alkali and converted 
by treatment with methyl sulphate into the same ether. Evidently 
the product was 4-chloro-6-nitro-m-cresol. On diluting the cold 
acid extract with water, a precipitate (3-34 g.) was obtained, from 
which 4-chloro-6-nitro-m-toluidine (1-92 g., m. p. 120—121°) was 
isolated by extraction with benzene and crystallisation from 
alcohol. The base was identified by comparison with an authentic 
specimen, and by conversion into 4-chloro-2-nitrotoluene. A 
further quantity (0-3 g.) of the same amine was isolated from the 
crude base (0-49 g.) precipitated when the residual diluted acid 
liquor was rendered alkaline with ammonia. No pure material 
was furnished by the sticky substance (0:3 g.) obtained by extracting 
the alkaline filtrate with ether. In all the above cases, the end 
fractions were treated with acetic anhydride and acetyl chloride, 
but no definite acetyl derivatives were obtained, and it was assumed. 
that the materials were azo- or azoxy-derivatives. 

Action of Sodium Methoxide on 4-Chloro-2 : 5-dinitrotoluene.— 
When this compound (5 g.) had been heated for 2 hours at 100° with 
a solution of sodium (0-5 g.) in methyl alcohol (20 c.c.), the liquid 
was neutral and yielded 4-chloro-6-nitro-m-tolyl methyl ether 


(9°7 g.). 
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CCCXX.—The Formation of Chromones.—A Criticism. 
By Witson BAKER. 


Iw a recent paper by Baker and Robinson (this vol., p. 1981) the 
view was put forward that the products described in a series of 
four papers on the synthesis of y-benzopyrones or chromones 
(Jacobson and Ghosh, Parts I, II, and III, J., 1915, 107, 424, 
959, 1051; Ghosh, J., 1916, 109, 106) are, in reality, the isomeric 
%-pyrones or coumarins, the substituent in position 2 of the 
chromones occupying position 4 in the coumarins. Since this 
_ criticism concerned twenty-four fundamental compounds and about 
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sixty derivatives thereof, it was considered desirable to investigate 
the subject further. A more detailed study has confirmed the 
view that all the products described in those papers are coumarins. 
no fewer than thirteen of the true chromones having now been 
prepared. | 

In the experiments described in the first three papers, substituted 
acetoacetic esters, CH,*CO-CHR-CO,Et (where R = benzyl, phenyl, 
or benzoyl), ethyl «-benzoyl-8-phenylpropionate, and ethyl a-phenyl- 
formylacetate were condensed with phenols usually in presence of 
concentrated sulphuric acid, but acetic acid and zine chloride, or 
acetic acid and hydrogen chloride, were also used. In the cases of 
benzoylacetoacetic ester and ethyl acetylmalonate coumarins were 
admittedly produced. It is now clear that under such conditions 
coumarins are always formed, though it must be noted that with 
other condensing agents chromones may be produced. For ex- 
ample, Simonis and his collaborators have prepared chromone 
derivatives by condensing acetoacetic ester, and its methyl and 
ethyl derivatives, with phenols in presence of phosphoric anhydride 
(Petschek and Simonis, Ber., 1913, 46, 2015; Simonis and Leh- 
mann, Ber., 1914; 47, 697; Simonis and Remmert, ibid., p. 2229; 
see also Heilbron, Barnes, and Morton, J., 1923, 123, 2569), the 
reaction being apparently of a general character. 

In the fourth paper, nitriles of the type R-CHPh:CN (where 
R = acetyl, formyl, or benzoyl) and benzoylacetonitrile were con- 
densed with phenols usually in presence of sulphuric acid, but 
other condensing agents employed were acetic acid and hydrogen 
chloride, and phosphoryl chloride. The substances prepared from 
the nitriles corresponding to the carboxylic esters employed in the 
preceding papers were identical with the products prepared, from 
those esters. Examination of the literature showed that it was 
exceedingly improbable that these condensations would produce 
chromones. For example, Meyer (J. pr. Chem., 1903, 67, 342) 
condensed benzoacetodinitrile, NH‘CPh-CH,:CN, with resorcinol 
in presence of concentrated sulphuric acid and obtained a product 
which was considered to be 7-hydroxyflavone, but which has subse- 
quently been proved by Sonn (Ber., 1918, 51, 821) to be the isomeric 
7-hydroxy-4-phenylcoumarin. Again, Bargellini and Forti-Forli 


Pac 


oxyphenylcoumarin (see also Sonn, ibid., p. 1829). The present 
work has now fully established the fact that all such condensations 
of nitriles with*phenols produce coumarins. 


$ 
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The constitutions of Ghosh’s products were taken to be estab- 
lished by the fact that on hydrolysis with 33% or 50°% aqueous 
potassium hydroxide they gave a neutral ketone, an o-hydroxy- 
acid, and in four cases (wherever it was sought) resorcinol: but in 
all, only five resorcinol derivatives were submitted to hydrolysis and 
these have all been definitely shown to be coumarins. The only 
other compounds submitted to hydrolysis were two derived from 
a-naphthol and one from m-cresol. The scheme given was as 
_ shown below, the supposed chromone (I) (really the isomeric 
coumarin IT) undergoing hydrolysis along the dotted line a, giving 
the ketone (III), 8-resorcylic acid, and resorcinol; whilst it was 
stated (Part I, loc. cit., p. 427) that the complete hydrolysis of the 
coumarin (II) would produce the hydroxy-ketone (IV) and the acid 
R’-CH,°CO,H. But there seems very little experimental evidence 
to support such a method of fission, and it is shown below that 
the hydrolysis of coumarins, if it proceeds further than the mere 
opening of the pyrone ring, almost invariably takes quite another 
course. It is significant that in no case was a hydroxy-ketone of 
the type V produced, which is usually found as one of the products 
of alkaline decomposition of true chromones, owing to hydrolysis 
aiong the dotted line 0b. 


a 


| | ~-fe-b —> R-CO-CH,R’ + C,H,(OH), + 
: C 


rere Sees (IIL, oH3(OH),CO,H. 
aT.) Py Ee: 
O 


(Oe 
O 
HOS 3 oO, HO OH HO’ OH 
aOR: COR CO-CH,R’ 
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It follows that the production of the same neutral ketone is 
possible both from the chromone (1) and from the isomeric coumarin 
(II), owing, in the latter case, to hydrolysis along the line c. This 
is borne out by the fact that Jacobson and Ghosh’s so-called 
7-hydroxy-3-benzyl-2-methylbenzo-y-pyrone (Part I, loé, cit.) (really 
7-hydroxy-3-benzyl-4-methylbenzo-«-pyrone) gave on\ hydrolysis 
benzylacetone and 8-resorcylic acid, whilst the true chromone (Crab- 
tree and Robinson, J., 1918, 113, 859) gave ben’ylacetone and, 
benzylresacetophenone. It is seen, moreoyer, that the hydrolysis 
of (IV) along the line c accounts for the’ production of resorcinol, 
the formation of which is unsatisfactorily explained by J acobson 
and Ghosh (J., 1915, 107, 960) by assuming the decomposition of 


F 
f 
} 
. 
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@-resorcylic acid in presence of alkali. The method of production 
of B-resorcylic acid is not so obvious. 

This course of hydrolysis of a coumarin appeared so novel 
that it was considered desirable to establish it beyond doubt. For 
this purpose the preparation and hydrolysis of Ghosh’s so-called 
7-hydroxy-3-phenyl-2-methylbenzo-y-pyrone (which has since been 
proved to be 7-hydroxy-3-phenyl-4-methylbenzo-«-pyrone, Baker | 
and Robinson, Joc. cit.) were repeated, and the formation of benzyl 
methyl ketone (characterised by means of its semicarbazone and 
phenylhydrazone), resorcinol, and £-resorcylic acid was confirmed. 
From 3 g. of this coumarin were obtained about 0-5 g. of benzyl 
methyl ketone, a slightly smaller quantity of resorcinol, and only 
a very small amount of 8-resorcylic acid,. whilst some of the material 
was unhydrolysed. This confirms the view given above that the 
principal reaction is the production of benzyl methyl ketone and 
resorcinol, the 6-resorcylic acid being only a by-product, and differs 
from Ghosh’s view, that the chief reaction is the production of benzyl 
methyl ketone and §8-resorcylic acid, the resorcinol being the 
by-product. 

The important conclusion follows from these observations that 
the only safe criterion of the production of a chromone (1) and not 
the coumarin (II), is the formation on hydrolysis of a hydroxy- 
ketone (V), and shows the necessity for extreme caution in deciding 
the constitution of such substances by hydrolysis. The matter, 
however, is further complicated in cases where R = methyl (thus 
including the present), since not only can (I) and (II) give the 
ketone (III), but also the isomeric coumarin (VI) and the chromone 


O O 
HO” ne Noo HOA Dis \¢-CHB’ 
C C 


CHR’ D 

(VII). As proof of this, the compounds (I) and (VI), having R’ = 
phenyl (Baker and Robinson, loc. cit.), were submitted to hydrolysis 
under the conditions employed by Ghosh in the case of (II), the 
main results of which were verified as described above. Compound I 
underwent complete hydrolysis and gave a small amount of benzyl 
methyl ketone and about a 70% yield of 2: 4-dihydroxyphenyl 
benzyl ketone; whilst compound VI, though incompletely hydro- 
lysed, gave a relatively large yield of benzyl methyl ketone and 
resorcinol. ‘The benzyl methyl ketone was in all cases characterised 
by means of its semicarbazone and phenylhydrazone, and the 
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melting points of mixtures of any of the Specimens showed no 
depression. Compound VII (Hannach and Kostanecki, Ber., 1902, 
35, 866) has not actually been hydrolysed under these conditions, 


but there is no doubt that it also would give benzyl methyl ketone 


as one of its fission products. 

In the following paragraphs are given the correct properties of 
the compounds named and those of their derivatives, the first 
substance of each pair having previously been wrongly described 


by Jacobson and Ghosh and by Ghosh as the second. A com- 


parison of the fluorescences of the two classes of compounds is not 
made, since both chromones and coumarins frequently show almost 
identical fluorescences under similar conditions. 

The chromones described in this paper were prepared by the 
well-known reaction from ketones of the type V (where R’ = phenyl 
or benzyl) by acylation with a mixture of the anhydride and sodium 
salt of acetic or benzoic acid. Three of the necessary ketones 
(two previously unknown) were prepared by an application of the 
Hoesch synthesis. . 

Part I (loc. cit.) : 7-Hydroxy-3-benzyl-4-methylbenzo-«-pyrone, 
m. p. 186°; acetyl derivative, m. p. 168°; methyl ether, m. p. 119°. 
7-Hydroxy-3-benzyl-2-methylbenzo-y-pyrone, m. p. 282°; acetyl 
derivative, m. p. 121°; methyl ether, m. p. 109° (Crabtree and 
Robinson, J., 1918, 113, 867). 

3-Benzyl-4 : 7-dimethylbenzo-«-pyrone, m. p. 117°. This pre- 
paration was originally carried out by Fries and Klostermann 
(Annalen, 1908, 362, 27), and the correct constitution assigned to 


_ the compound. 


7 : 8-Dihydroxy-3-benzyl-4-methylbenzo-«-pyrone, m. p. 185°; 


diacetyl derivative, m.p.172°. 7 : 8-Dihydroxy-3-benzyl-2-methy]- 


benzo-y-pyrone, m. p. 203—205°; diacetyl derivative, m. p. 126° 
(this paper). 
7-Hydroxy-3-benzyl-4 : 5-dimethylbenzo-«-pyrone, m. p. 177— 


178°; acetyl derivative, m. p. 169°. 7-Hydroxy-3-benzyl-2 : 5-di- 


methylbenzo-y-pyrone, m. p. 294—295°; acetyl derivative, m. p- 
138—139° (this paper). 

5 : 7-Dihydroxy-3-benzyl-4-methylbenzo-«-pyrone, m. p. 218— 
219°; diacetyl derivative, m. p. 154°. 5: 7-Dihydroxy-3-benzyl- 
2-methylbenzo-y-pyrone, m. p. 200—201°; diacetyl derivative, 


_m. p. 112° (this paper). 


Part II (loc. cit.): 7-Hydroxy-3-benzyl-4-phenylbenzo-«-pyrone, 
m. p. 186°; acetyl derivative, m. p. 134°. 7-Hydroxy-3-benzyl- 
2-phenylbenzo-y-pyrone, m. p. 272—274°; acetyl derivative, 
m. p. 150° (this paper). 
| 7 : 8-Dihydroxy-3-benzyl-4-phenylbenzo-«-pyrone, m. p. 136— 


| 


\s 
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137°; diacetyl derivative, m. p. 175°. 7 : 8-Dihydroxy-3-benzy]l- 
2-phenylbenzo-y-pyrone, m. p. 275—276°; diacetyl derivative, 
m. p. 175—176° (this paper). 

5 : 7-Dihydroxy-3-benzyl-4-phenylbenzo-«-pyrone, m. p. 119°; 
diacetyl derivative, m. p. 56°. 5 : 7-Dihydroxy-3-benzyl-2-phenyl- 
benzo-y-pyrone, m. p. 202—203°; diacetyl derivative, m. p. 126° 
(this paper). 

Part IIT (loc. cit.) : 7-Hydroxy-3-phenyl-4-methylbenzo-«-pyrone, 
m. p. 226°; acetyl-derivative, m. p. 185°; methyl ether, m. p. 87°. 
7-Hydroxy-3-phenyl-2-methylbenzo-y-pyrone, m. p. 240°; acetyl 
derivative, m. p. 162°; methyl ether, m. p. 135-5° (Baker and 
Robinson, loc. cit.). 

7 : 8-Dihydroxy-3-phenyl-4-methylbenzo-«-pyrone, m. p. 268°; 
diacetyl derivative, m.p.211°. 7 : 8-Dihydroxy-3-phenyl-2-methyl- 
benzo-y-pyrone, m. p. 219—220°; diacetyl derivative, m. p. 115° 
(this paper). 

5 : 7-Dihydroxy-3-phenyl-4-methylbenzo-«-pyrone, m. p. 178°; 
diacetyl derivative, m. p. 146°. 5: 7-Dihydroxy-3-phenyl-2-methyl- 
benzo-y-pyrone, m. p. 228°; diacetyl derivative, m. p. 169° (Baker 
and Robinson, loc. cit.). 

Ghosh (loc. cit.): 7-Hydroxy-3-phenyl-4-methylbenzo-«-pyrone, 
identical with the product prepared in Part III. 

7 : 8-Dihydroxy-3-phenyl-4-methylbenzo-«-pyrone, identical with 
the product prepared in Part IU. 

7-Hydroxy-3 : 4-diphenylbenzo-«-pyrone, m. p. 288°; acetyl 
derivative, m. p. 222°, and which on hydrolysis with 33% aqueous 
potassium hydroxide for 4 hours gave deoxybenzoin, resorcinol, 
and ®-resorcylic acid. 7-Hydroxy-2 : 3-diphenylbenzo-y-pyrone, 
m. p. 270—271°; acetyl derivative, m. p. 208—209° (Baker and 


Robinson, loc. cit.), and has now been found to give on hydrolysis — 


under the above conditions a 93°% yield of 2 : 4-dihydroxyphenyl 
benzyl ketone and benzoic acid. 
7 : 8-Dihydroxy-3 : 4-diphenylbenzo-«-pyrone, m. p. 185°. 7: 8- 
Dihydroxy-2 : 3-diphenylbenzo-y-pyrone, m. p. 297° (this paper). 
_ 7-Hydroxy-4-phenylbenzo-«-pyrone, m. p. 243°. Ghosh’s pre- 
paration has been repeated and a substance, m. p. 244°, obtained 
which crystallises, not in needles as stated, but in regular, four- 


sided plates having all the properties ascribed by Pechmann and _ 
Duisberg (Ber., 1883, 16, 2126) and Pechmann and Hancke (Ber., | 
1901, 34, 356) to 7-hydroxy-4-phenylbenzo-«-pyrone. Further, the | 
melting point of a mixture with an authentic specimen of 7-hydroxy- | 


2-phenylbenzo-y-pyrone, m. p. 240°, kindly supplied by Mr. J. 


Allan (Allan and Robinson, J., 1924, 125, 2192), showed a depression _ 


of about 30°. 
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EXPERIMENTAL. 


Benzylresacetophenone.—A solution of 8-phenylpropionitrile (10 g.) 
(Baker and Lapworth, J., 1924, 125, 1334) and resorcinol (10 g.) 
in dry ether (75 c.c.) was saturated with dry hydrogen chloride at 0°. 
After 48 hours, water was added, the ether distilled off, and the 
ketimine hydrolysed by heating on the steam-bath for } hour. 
The oily product was extracted with chloroform, the solution shaken 


with aqueous sodium hydroxide, and the ketone liberated by acid. 


By recrystallisation from dilute acetic acid it was obtained in 
colourless needles, m. p. 88° (see Bargellini and Marantonio, Gazzetta, 
1908, 38, 1, 514). 
7-Hydroxy-3-benzyl-2-phenylbenzo-y-pyrone.—Benzylresacetophen- 
one (5 g.), benzoic anhydride (20 g.), and anhydrous sodium benzoate 
(5 g.) were heated together at 170—180° for 6 hours. The product 
was hydrolysed by heating on the water-bath with alcohol (50 c.c.) 
and 50% aqueous potassium hydroxide (12 g. KOH) for 10 minutes, 


and the pyrone precipitated from the diluted solution by carbon 


dioxide. By recrystallisation from ethyl alcohol, in which it was 
sparingly soluble, it was obtained in small, colourless needles, 
m. p. 272—274° (Found: ©, 80-3; H, 4:9. C,,H,,0, requires ©, 
80-5; H, 4-9%). Its colourless solution in aqueous sodium hydr- 
oxide shows a slight bluish-green fluorescence. The benzoyl deriv- 
ative separates from alcohol in colourless, silky needles, m. p. 167°. 
The acetyl derivative, prepared by boiling with acetic anhydride 


_ for 6 hours and subsequently shaking with water, crystallises from 


alcohol in colourless prisms, m. p. 150° (Found: C, 77:8; H, d:l. 


 C,,H,,0, requires C, 77-8; H, 4:9%). The colourless solutions of 
_ these compounds in concentrated sulphuric acid show a weak blue 


a 


~, 


fluorescence. 

Benzylphloracetophenone-—A solution of -phenylpropionitrile 
(15 g.) and anhydrous phloroglucinol (14:5 g.) in ether (100 c.c.) 
was saturated with hydrogen chloride at 0°. Hydrolysis of the 
ketimine was effected by heating with water on the steam-bath 
for $ hour, the oily product dissolved by the addition of sodium 
hydroxide, the solution extracted with ether to remove non- 
phenolic substances, and the ketone liberated by a current of 
carbon dioxide and taken up with ether. Evaporation of the 
solvent left a pale yellow oil which solidified on stirring. It crystal- 


 lised from hot water in colourless needles containing 1H,O (Found : 


H,0, 6-5. / C,;H,,0,,H,O requires H,O, 6-5%), or in the anhydrous 
condition from chloroform in small prisms, m. p. 139—140° (Found : 
C, 69-7; H, 5:5. Cj ;H,,0, requires C, 69:7; H, 5-5%). 

5 : 7-Dihydroxy-3-benzyl-2-methylbenzo-y-pyrone.—A mixture of 
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anhydrous benzylphloracetophenone (2 g.), anhydrous sodium 
acetate (2 g.), and acetic anhydride (10 c.c.) was heated at 170— 
180° for 12 hours. After shaking with water, the diacetyl deriv- 
ative was collected and recrystallised from alcohol, being obtained 
in colourless needles, m. p. 112° (Found : C, 68-9; H, 4-8. C,,H,,0, 
requires C, 68:8; H, 5-0%). The parent substance obtained by 
hydrolysis with boiling, dilute sodium carbonate solution and pre- 
cipitation with acid, crystallised from dilute methyl alcohol in 


colourless, nacreous plates, m. p. 200—201° (Found: C, 72-1; 


H, 5:2. C,,H,,0, requires C, 72:3; H, 50%). Of its colourless 
solutions in aqueous sodium hydroxide and concentrated sulphuric 
acid, the latter only shows a weak blue-green fluorescence, which is 
also exhibited by a solution of the diacetyl derivative in the same 
solvent. 

5 : 7-Dihydroxy-3-benzyl-2-phenylbenzo-y-pyrone—A mixture of 
benzylphloracetophenone (2 g.), benzoic anhydride (15 g.), and 
sodium benzoate (1 g.) was heated at 180—190° for 10 hours. The 
product was dissolved by heating on the steam-bath with a mixture 
of alcohol (50 c.c.) and water (5 c.c.), and hydrolysed by continuing 
to heat for 15 minutes with 50% aqueous potassium hydroxide 
(10 g. KOH); the product was precipitated from the diluted solution 
by carbon dioxide. By recrystallisation from methyl alcohol 
(charcoal) the pyrone was obtained in pale yellow prisms, m. p. 
202—203°, containing methyl alcohol of crystallisation which is 


given up before melting (Found: ©, 76:5; H, 4:8. C,,H,,0, 
requires C, 76-7; H, 4:7%). Its solution in aqueous sodium — 


hydroxide shows no fluorescence. The diacetyl derivative, prepared 
by the action of acetic anhydride, crystallises from alcohol in pale 
yellow prisms, m. p. 126° (Found: OC, 73:0; H, 4:6. C,H. 0, 


requires C, 72:9; H, 4:7%). Both substances give pale yellow 
solutions in concentrated sulphuric acid which show very weak | 


blue-green fluorescences. 

Benzylorcacetophenone.—A solution of -phenylpropionitrile (15 g.) 
and anhydrous orcinol (15 g.) in ether (100 c.c.) was saturated with 
hydrogen chloride at 0°. After 48 hours, the yellow crust of the 
ketimine was washed with ether and hydrolysed by heating on the 
steam-bath with water for } hour. The resulting oily ketone 
partly crystallised on standing for several days, consisting doubtless 
of a mixture of benzylorcacetophenone and the isomeric 2 : 6-di- 
hydroxy-4-methylphenyl $-phenylethyl ketone. The product was 
pressed on porous earthenware, and the residue crystallised from a 
large volume of boiling water, shining, pearly plates, m. p. 118:5°, 
being obtained (Found: OC, 75:1; H, 6-1. C,,H,,0, requires C, 
75:0; H, 63%). This ketone is proved to be benzylorcaceto- 
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_phenone and not the isomeride by the fact that the benzo-y-pyrone 
prepared from it has the properties of a 7- and not a 5-hydroxy- 
compound (see below). 

7-Hydroxy-3-benzyl-2 : 5-dimethylbenzo-y-pyrone—The acetyl de- 
rivative obtained in the usual manner from benzylorcacetophenone 
by acetylation for 20 hours crystallised from methyl alcohol in 
colourless prisms, m. p. 138—139° (Found: (©, 74:7; H, 5:7. 
Cy5H,,0, requires OC, 74:5; H, 5-6%). The parent substance 
obtained by its hydrolysis with aqueous sodium carbonate crystal- 
lised from alcohol, in which it was sparingly soluble, in colourless 
needles, m. p. 294—295° (Found: ©, 77:2; H, 5-9. C,)H,,0, 
requires C, 77:1; H, 5:8%). It dissolves readily in warm, dilute 
sodium hydroxide, giving a colourless solution showing a blue 
fluorescence. By methylation with methyl sulphate and potassium 
hydroxide at about 50°, it readily gave a methyl ether which crystal- 
lised from a small quantity of methyl alcohol in long, colourless 
prisms, m. p. 109°. All these substances give in concentrated 
sulphuric acid colourless solutions showing a blue fluorescence. 

7 : 8-Dihydroxy-3-phenyl-2-methylbenzo-y-pyrone.—Crude 2:3: 4- 
trihydroxyphenyl benzyl ketone (10 g.; Noelting and Kadiera, 
Ber., 1906, 39, 2057) was acetylated in the usual manner for 
24 hours. The oil obtained on treatment with water was extracted 
with ether, the extracts were shaken with aqueous sodium hydroxide 

_to remove a small quantity of a phenolic substance, dried, and the 

ether was distilled, leaving a pale brown oil which rapidly crystal- 

lised. This diacetyl derivative is very readily soluble in the common 
organic solvents, but crystallises from a large volume of light 
petroleum (b. p. 60—80°) in colourless, silky needles, m. p. 111-5° 

(Found: C, 67:9; H, 4-4. CC, >H,,0, requires C, 68-2; H, 46%). 

The parent substance obtained by its hydrolysis crystallises from 

dilute alcohol in thin, colourless prisms containing water of crystal- 

lisation which is readily given up at 100°. The anhydrous sub- 

stance has m. p. 219—220° (Found: C, 71:3; H, 4:6. C,,H,,0, 

requires C, 71:6; H, 4:5%). Wik 

7 : 8-Dihydroxy-2 : 3-diphenylbenzo-y-pyrone.—This compound was 
prepared by benzoylation (20 hours) and subsequent hydrolysis of 
2:3:4-trihydroxyphenyl benzyl ketone in the manner already 
described for the preparation of 5 : 7-dihydroxy-3-benzyl-2-phenyl- 
benzo-y-pyrone, and crystallised from alcohol in tiny, colourless 

‘meedles, m. p. 297° (Found: OC, 76-4; H, 4:1. C,,H,,0, requires 
C, 76-4; H, 4:3%). The diacetyl derivative crystallised from 

alcohol in fine, colourless, silky needles, m. p. 177—-178° (Found : 

©, 72-2; H, 45. C,,H,,0, requires C, 72-4; H, 44%). 

7 :8-Dihydrory-3-benzyl-2-methylbenzo-y-pyrone.—Benzylgallaceto- 


= 
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phenone (Dutta and Watson, J., 1912, 101, 1241) was acetylated 
in the usual manner for 20 hours. The resulting diacetyl derivative 
crystallised from alcohol (charcoal) in almost colourless prisms, 
m. p. 126° (Found: C, 68:7; H, 4:9. C,,H,,0, requires C, 68-8; 
H, 5:0%). The parent substance obtained by its hydrolysis crystal- 
lised from very dilute alcohol in fine, colourless needles, which melt 
to a red liquid at 203—205° (Found: C, 72-0; H, 5-0. CirHiuOe 
requires C, 72:3; H, 5:0%). 

7 : 8-Dihydroxy-3-benzyl-2-phenylbenzo-y-pyrone was prepared from 
benzylgallacetophenone in the same manner as the corresponding 
2: 3-diphenyl derivative described above. It crystallised from a 
large volume of acetic acid in pale yellow prisms, m. p. (when 
rapidly heated) 275—276° (Found: C, 76-4; H, 4:9. C,,H,,0, 
requires C, 76:7; H, 4-7%). This substance is very sparingly soluble 
in the usual organic solvents. The diacetyl derivative crystallises 
from alcohol in tiny, colourless, silky needles, m. p. 175—176° 
(Found : C, 72-6; H, 5-0. C,H .0, requires C, 72-9; H, 4-7%). 

All these chromones derived from pyrogallol dissolve to pale 
yellow solutions in aqueous alkali hydroxides, none of which exhibits 
fluorescence (the same being true of the pale yellow solutions of the 
diacetyl derivatives in concentrated sulphuric acid); whilst their 
alcoholic solutions give a deep green colour with ferric chloride. 
The non-fluorescence of these substances is analogous to the cases 
of the zsobrazilein and isohzematein salts and various benzopyrylium 
derivatives (Robinson, Crabtree, and Das, J., 1924, 125, 211). 
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CCCXXI.—The Formation and Stability of Associated 
Alicyclic Systems. Part II. The Formation and 
Disruption of Dicyclic Dihydroresorcinols. 


By Ernest Harotp Farmer and Joun Ross. 


THE unsaturated cyclic ketones and ketonic esters of the five- and | 
six-carbon series would appear to furnish attractive starting points | 
for many chemical syntheses. In practice, however, owing to the | 
transformations which accompany apparently simple operations, not 
only are the products other than those expected, but frequently it is _ 
extremely difficult to ascertain the course a given reaction has taken. | 

It has been recorded in the case of certain derivatives of dimethyl- 
cyclopentenone (Farmer and Ingold, J., 1920, 147, 1362; Farmer, | 
Ingold, and Thorpe, J., 1922, 121, 128) that the chemically active | 
combination of double bond and carbonyl group may lead in cyclic | 
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structures to a type of reactivity differing fundamentally from that 
observed in open-chain compounds, the effect of the spatial configur-: 
ation and of the strained condition of the substituted carbon ring 
being such as to promote tautomeric valency exchange across the 
ring. Such a phenomenon might. be expected to become manifest 
only under favourable structural and restrictive conditions, and, 
in the six-carbon series, where such an interchange would involve 
the establishment of “para” or “meta” bridge-valencies, and 
where the comparable restrictive conditions (the prevention of the 
functioning of a keto-enol system in the ring except at the expense 


| | 

C—=C-CO,H Darron 5: 7M 8 I 
CS Gu,.6o C<ox-oH) 
of valency adjustment across the ring) are exceedingly difficult of 
experimental realisation, no counterpart of the intra-annular 
tautomerism of the five-carbon series has yet been observed. In 
this connexion the uniplanar or multiplanar configuration is of 
moment; a multiplanar configuration, even although representing 
only changing contortions of the molecule and not giving rise to 
geometrical isomerides of the type obtained in the case of fused 
cyclohexane rings (Hiickel, Nach. K. Ges. Wiss. Gottingen, 1923, 43), 


Me, a Me, 


would seem inevitably to affect intramolecular relationships. 


: 


In this series it is proposed to examine the relationships of the 
carbon pairs in a six-membered ring through their tendency to 
become united by bridges of one or more carbon atoms and in the 
present communication the ease of formation of 1 : 4-bridges con- 
sisting of the group *CH,°CO: is considered. The method employed 
is that of the Dieckmann condensation on the appropriate methyl- 
cyclohexanone-acetic or -malonic esters. 3 

The mode of reaction between 1-methyl-A1l-cyclohexen-3-one (I) 
and esters of the malonic type appears from the literature to be 
anomalous. Thus according to Rabe (Ber., 1904, 37, 1671) reaction 


between the ketone and ethyl sodioacetoacetate yields an additive 


product (IL) of the Michael type, which subsequently undergoes an 


Me CH(CO-CH,)-CO,Et Me Me 
im NOY C CQ 
ON FAN Faas 
OH, CH, aes CH,(H -—> (HCH 
CH, CO CH, CO CH, C-C<66 my 
: 2 
NZ ny? 
CH, (II.) bt wer CH, (II1.) 


internal aldol condensation. With ethyl sodiocyanoacetate, how- 
ever, it is stated (Knoevenagel and Mottek, Ber., 1904, 37, 4470) 


that reaction of the Knoevenagel type occurs leading to a methyl- 
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cyclohexenylideneacetic ester (III), which also passes by internal 
condensation into a dicyclic compound.* Finally, towards ethyl 
sodiomalonate the ketone is stated to be indifferent (Vorlander and 
Gartner, Annalen, 1898, 304, 7). 

Contrary to the last statement, ethyl sodiomalonate was found to 
react with the greatest facility, but the nature of the products varied 
with the experimental conditions used. When the condensation 
was effected at 100° in the presence of alcohol, the principal product 
was a high-boiling non-ketonic ester which, by reason of the diffi- 
culty attending its purification and that of its hydrolysis product, 
long resisted identification. It was ultimately identified as the 
compound (IV), and, as would be expected of such a substance, 


CH CHyCH,CO,Et __ /CH,CH,CH,CO,H 
(IV.) MeC€-CH,,“CO,Et MeCCCH,"CO,H (Vv.) 
CH,:CO,Et CH,CO,H 


it yielded with sodium a cyclic keto-ester, presumably (V1), and its 
derived acid (V) an anhydro-acid, presumably (VII). The constitu- 
tion of the tribasic acid (V) was finally established by synthesis 


Pi CH,-CH,-CH,-CO,H 
Mec’ SCH-CO,Et ee ee 
wry | SCHy-CO” CE OO-O 
CH,-CO,Et 2 iii, 


as recorded below, and the correctness of the formula assigned to 
the cyclic keto-ester (V1) followed from the subsequent oxidation. 
of its derivatives. 


The open-chain ester (IV) could have been produced only as the 
result of preliminary Michael addition followed in turn by internal 


condensation and two stages of ring fission, a procedure borne out 


Me CH(CO,Et), Was bls Me CH,°CO,Et 

\CZ XC 

CH CH 

ave A i et oF | 
pila UH» ti Lis ES ee (IV.) | 
SGP CO | CH, CO co ee 

CH, NCE SH-CO,Et 

(VIIL.) (IX.) (X.) 


by the appearance of a quantity of the B-ketonic ester (X) along with | 


the main product. In order to arrest the process before ring fission 
had occurred, the condensation was effected at room temperature. 


* The alternative structures suggested for the dicyclic derivatives by | 


Knoevenagel and Mottek involve internal condensations of such unusual type 
that the reinvestigation of the reaction between the cyclic ketone and ethyl 
-eyanoacetate has been commenced. 
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Among the products of reaction the original compound (VIII) and 
the open-chain ester (IV) could not be identified. Hydrolysis 
with mineral acids under special conditions gave a 50% yield of the 
methyleyclohexanoneacetic acid derived from (VI), but resinified the 
remainder of the material, regarded as representing the dicyclic 
1 ; 3-diketone (IX). The methyleyclohexanoneacetic acid produced 
was identica] with that obtained by the direct condensation of 
é-methylpimelic-8-acetic ester (IV). 
The attempted deliberate formation of the dicyclic diketone by 
_ the action of sodium on the ester (IV) failed so far as the main mass 
of material was concerned, the reaction proceeding only to the first 
stage (XI); nor could the pure ester (XI), derived from the acid (V) 
be converted into the dicyclic diketone. 


? 


OMe OMe ie 
CH, CH, CH, **CH,CH, CH, CH, CH, ‘CH, 
CO,EtCH, CO,Et —* CO CH, CO,Et CO eed 
CH,:CO,Et \aCH: Ba Me 
2°» *CH-CO,Et C:CO,Et 
(IV.) (XI.) (XII.) 


To the extent, however, of a few units per cent. there was obtained 
in the former reaction a crystalline quasi-acidic substance agreeing 
in composition with a dicyclodiketonic ester, but obtainable in 
insufficient amount to allow of the complete establishment of its 
constitution. The striking difference in the tendency towards 
further condensation of the esters (VIII) and (XI) may easily have 
arisen from the different distribution of the carbethoxyl groups. 
The non-formation in the latter case appears to have been due to 
the almost complete production of the cis-form of the monocyclic 
ester (XI) under the Dieckmann conditions, since the position of 
the carbethoxyl group at the carbon * rather than at ** became 
evident, so far as the main bulk of material was concerned, 
through the remarkably good yield of methylmethanetriacetic 
| acid (XIII) and oxalic acid obtained on oxidation. This appears 


Me CH,-CO,Et Me CH,:CO,Et Me CH,-CO,H 
\CY \C’ \ceY 

H, CH, 20 H, CH, 30 CH, CH, 

H, CO eras CL), eit Ey O.He EL 
OX < ni (XII) 
CH-CO,Et ' CO-CO,Et HO,C-CO,H 


the more probable in that the decarboxylated ester (XIV) reacted 
‘tapidly with sodium or even cold sodium ethoxide. Here, however, 


i 
| ‘ 
| > 
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owing to the instability * and viscous nature of the product the type 
of condensation effected is as yet uncertain. Although not com- 
pletely homogeneous, the product would appear from many of its 
properties (p. 2366) to consist essentially of the dicyclic dihydrores- 
orcinol (XV or XVI). Thus on oxidation it gave good yields of 


Me-C:CH,°CO,Et CMe CMe 
pA Fel baan ba) ine 
CH, CH, CH, ¢ Gah Ve CH, CH 2 CH, 
CH, GO GO CH, C CO H, C-OH 
(XIV.) oni Nt vai naaeh a: a? (XVI) 


the expected tribasic acid (XVII) and was reconverted on prolonged 
boiling with caustic alkali into the acid corresponding to (XIV). 


CMe CMe Me:C:CH,-CO,H CMe 
NUR Oh Solera ZION an Ae 
OH, CH, CH, <“*S: CH, CH, Dow, +> CH, CH, + CH, CH, 9H: 
CO CH, boH GO CH, CO CO CH, CO, HCH, CO,H 
A, Ns Re 60,H 
ait @: oa CO (X VII.) 


Nevertheless, in the absence of crystalline derivatives and in view 
of the high values obtained for the molecular weight by the cryoscopic 
method, the possibility of intermolecular condensation of the 
Knoevenagel type having taken place is not ruled out.t 

Of the three tribasic acids produced during this investigation, one, 
methylmethanetriacetic acid (XIII), had already been synthesised 
by Thorpe and Wood (J., 1913, 103, 1583), and a specimen was 
obtained by repeating their synthesis. The two homologues of 
this acid (IV and XVII) were obtained from ethyl levulate and ethyl - 
y-acetobutyrate, respectively, by means of the Guareschi method of 
synthesis. The ketonic esters gave with ethyl cyanoacetate and 


* The common dihydroresorcinols pass on attempted distillation into : 
vitreous substances, and the only known dihydroresorcinol alkylated on the 
carbon between the carbonyl groups changes from a crystalline substance into 
a viscous oil on standing (Becker and Thorpe, J., 1922, 121, 1303). 

+ Thus the compound of the annexed formula might be expected to yield 
(XVII) on oxidation and (XIV) on hydrolytic fission. On the other hand, 


CMe-CH,:CO,H CH, 


Yee 

ae et Te renee 

OR rs een CH, | 
A NY. | 


CH, 
several undoubted gre of this type of condensation product have proved | 
to be highly crystalline substances. 
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ammoniacal alcohol excellent yields of the ammonium salts of the 
ester imides (XVIII and XIX), which on hydrolysis yielded the 
EtO,C-CH,-CH CH(CN)-COW 
cH C<cHoN}.co> NB 
EtO,C-CH,:CH,: te 
XVIII. 2 
) eee HCN GH 
required acids (XVII and IV). 


N)-CO 
N)-CO> NE 


EXPERIMENTAL. 


1-Methyl-A'-cyclohexen-3-one.—Large quantities of this ketone 
were prepared by the method of Rabe and Rahm (Annalen, 1904, 
332, 13), dilute sulphuric acid (10%) being used for the hydrolysis 
of the methylenediacetoacetic ester. In view of the subsequent 
withdrawal by Rabe (Ber., 1912, 45, 2924) of his earlier description 
of the properties of pure methylcyclohexenone, the purity of the 
product obtained was thoroughly tested by the quantitative degree 
of its conversion into the oxime and semicarbazone. The use of 
aikali as hydrolysing agent, as suggested in the later paper, proved 
far less satisfactory than that of sulphuric acid. After a preliminary 
fractionation in a vacuum, the portion distilling at 199—202° at the 
ordinary pressure (through a short column) could be regarded as 
pure ketone. 


A. Condensation of Ethyl Sodiomalonate with Methylcyclohexenone. 


(a) dt 100°. The ketone (1 mol.) was gradually added to a cold 
alcoholic solution of ethyl sodiomalonate (1 mol.), and the mixture 
heated on a steam-bath for 16 hours. The cooled product was 
‘poured on to ice and separated in the usual way into three portions, 
which were respectively neutral, quasi-acidic (soluble in caustic 
alkali but insoluble in sodium carbonate), and acidic in reaction. 
The latter two fractions were red oils giving purple colours with 
ferric chloride. They represented less than 10% of the total 
material and could not be resolved into pure compounds. 
| Hihyl 8-Methylpimelate-8-acetate——The neutral portion (above) 
onstituted over 90% of the reaction product. In the crude state 
it gave an intense blue colour with ferric chloride, but after exhaustive 
fractionation the material distilled constantly at 200°/18 mm. as a 
colourless oil, giving then a faint colour with ferric chloride. Only 
after hydrolysis and re-esterification of the acid produced, could the 
ester be obtained completely pure (Found: C, 60-6; H, 8-75. 
C,,H,,0, requires C, 60-7; H, 8:9%). The yield was 65% of the 
theoretical. 

The remainder of the crude neutral portion (b. p. 180—185°/18 
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mm.) consisted principally of ethyl 1-methylcyclohexan-3-one-4- 
carboxylate-l-acetate (below). 

B-Methylpimelic-B-acetic Acid—The corresponding ester was 
boiled for 8 hours with 15° hydrochloric acid. After neutralising 
the solution with alkali and boiling off the alcohol, the acid was 
obtained in almost quantitative yield by ethereal extraction of the 
cooled, reacidified liquid. Evaporation of the ether left an oil 
which rapidly solidified. Complete purification of the acid for 
analytical purposes was a laborious process owing to the presence 
of a trace of a second substance which crystallised with the acid. 
This difficulty, which caused many months’ delay in the origina] 
identification of the acid, was not experienced with the acid 
synthesised from y-acetobutyric ester (p. 2368). Repeated crystallis- 
ation from acetone—chloroform and ethyl acetate yielded the acid 
in colourless prisms, m. p. 123—124° (Found: C, 52:0; H, 6-9; 
M (tribasic), 234. C9H,,0, requires C, 51-7; H, 69%; M, 232]. 
On heating the acid for 1} hours with excess of acetyl chloride, 
anhydro-8-methylpimelic-B-acetic acid (VII) was obtained. It 
crystallised from benzene in long, transparent needles, m. p. 83° 
(Found: ©, 55:8; H, 6-4. C,)H,,0; requires C, 56:05; H, 6-6%). 

The pure ethyl ester was prepared by saturating an alcoholic 
solution of the acid at 0° with dry hydrogen chloride and distilling 
the product in a vacuum. It was obtained in almost quantitative 
yield as a colourless oil, b. p. 200°/18 mm. (Found: OC, 60-8; H, 
915. Calc., C»60°7; “H,'8°9%): 

(b) At room temperature. Since the ketone would not react 
appreciably with an alcohol-free, ethereal suspension of ethyl 
sodiomalonate, the condensation was effected as in (a) except that the 
mixture was not heated; it was kept in a closed vessel for a week. 
On working up the material, negligible quantities of quasi-acidi¢e 
and acidic substances were obtained. | 

Ethyl 1-Methyleyclohexan - 3 - one - 4 - carboxylate-1-acetate.—The 
neutral ester so obtained (86% theory), although consisting largely 
of the methylearboxycyclohexanone-acetic ester (VI), could not be 
satisfactorily resolved into its constituents. It was obtained on. 
distillation as a colourless oil, b. p. 175—190°/16 mm. After 


repeated fractionation, specimens were obtained (b. p. 182°/16 mm.) 
which gave correct figures on analysis (Found: C, 62-2; H, 8-2. 
Required for C,,H..O;, C, 62-2; H, 8-2) for the carboxy-acetic 
ester (VI) or the isomeric ethyl 1-methylcyclohexan-3-one-1| 
malonate (VIII). The presence of the latter ester, however, could 
not be demonstrated and all fractions gave intense colours with 
ferric chloride. The pure ester was readily obtained by the method 


described below (p. 2366). | 


a 
Li 
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Ethyl Ethane-1:*IT1‘4-1-methyleyclohexa-3 : 5-dione-2-carboxylate.* 
—Although this substance could not be isolated in pure condition 
from the condensation product, its presence was probably responsible 

for the considerable amount of resinous material obtained on 

hydrolysis of the ester mixture. Boiling with alcoholic sodium 
ethoxide converted the mixture into ethyl 6-methylpimelate-p- 
acetate. | 

1-Methyleyclohexan-3-one-l-acetic Acid.—This substance was 
obtained in small amount from the ester fraction, b. p. 180—185° /18 
mm., derived from the condensation effected at 100°, but in much 
larger quantities from the product of condensation at 15°. The 
ester, after one distillation, was boiled with a mixture of equal 
volumes of alcohol and concentrated hydrochloric acid diluted with 
2 volumes of water. After boiling for 3 hours, the excess of alcohol 
was expelled and refluxing continued for a further 7 hours. The 
cooled product was neutralised with sodium carbonate and extracted 
with ether. The mother-liquor was acidified with hydrochloric 
acid and re-extracted with ether. The oil thus isolated, on distillation, 
was obtained pure and colourless; b. p. 196°/15 mm., yield 60%. 
The acid passed on standing for some weeks into a solid, m. p. 37°. 
The semicarbazone was formed with considerable difficulty and did 

hot crystallise well, thus rendering purification difficult. It separated 
from methyl alcohol as a white powder, m. p. 189° (Found: ©, 
62-2; H, 7:5. C,)H,,0,N, requires C, 52-8; H, 75%). The 
silver salt was obtained as a white powder (Found: Ag, 38:8. 
C,H,,0,Ag requires Ag, 39-:0%). 

_ Ethyl 1-methyleyclohexan-3-one-1-acetate was obtained by treat- 
ment of the silver salt of the acid with alcoholic ethyl iodide. It 
was a colourless oil, b. p. 147°/15 mm., which yielded no colour 
with ferric chloride (Found: C, 66-5; H, 9-2. C,,H,,0, requires 
©, 66-6; H, 9-15%). The ester could readily be converted into its 
semicarbazone, which separated from ether in colourless prisms, 
‘Mm. p. 158—159° (Found: C, 56-2; H, 8-2. C,,H,,0,N,; requires 
.C, 56-4; H, 83%). 


B. Direct Condensation by the Dieckmann Method. 


General Method.—Sodium (2 atoms) was pulverised under xylene 
and the xylene replaced by a volume of benzene or toluene equal to 
that of the ester (1 mol.), which was immediately added. The whole 
‘was heated on a steam-bath until energetic reaction commenced. 
When this had subsided, heating was re-commenced and continued 


| _* The nomenclature used for this and succeeding dicyclic compounds is 
| that described in Part 1 of this series (J., 1920, 11'7, 591). 
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until reaction was complete. The cooled product was treated with 
ice and extracted with ether. The mother-liquor was then acidified 
and extracted. 

Intramolecular Condensation of Ethyl -Methylpimelate-p-acetate.— 
The neutral ester obtained in 75% yield by the general method 
distilled as a colourless oil (b. p. 182°/15 mm.) which gave a deep 
purple colour with ferric chloride. This was pure ethyl 1-methyl- 


cyclohexan-3-one-4-carboxylate-1-acetate (p. 2364) (Found: C, 61-9; 


H, 8-3. C,,H,)0, requires C, 62:2; H, 8-2%). This ester yielded 
no semicarbazone, but on hydrolysis by the method recorded above 
(p. 2365) yielded an acid identical in all respects (including the 
properties of its derivatives) with the methylcyclohexanoneacetic 
acid previously described. From the silver salt the ethyl ester 
(semicarbazone, m. p. 158—159°) was readily prepared. For the 
preparation of large quantities of this ester the foregoing method, 
in conjunction with the Guareschi synthesis (below), is especially 
suitable. 

Ethyl  Ethane-1:?111'4-1-methylcyclohexa-3 : 5-dione-2-carborylate. 
—The portion of the condensation product which was soluble in 
caustic alkali but insoluble in sodium carbonate was distilled (b. p. 
190—200°/18 mm.). The distillate deposited crystals which on 
recrystallisation from light petroleum were obtained in long, colour- 
less needles, m. p. 111°. This substance did not immediately give 
a colour with ferric chloride; an intense colour developed after 10 
minutes (Found: C, 63:7; H, 7-4. C,H 0, requires C, 64-1; 
H, 7-1). Owing to the small amount of material available, the 


correctness of the constitution assigned could not be fully 


established. 


Ethyl Hydrogen 1-Methyleyclohexan-3-one-4-carboxylate-3-acetate. | 


—The acidic portion of the condensation product partly solidified. 


By treatment with ligroin the separation of the solid from the oily 


matter was possible. On recrystallisation from ligroin, the solid 
melted at 91° and gave an immediate colour with ferric chloride ; 
(Found: ©, 59-4; H, 7:55. C,.H,,0; requires C, 59-5; H, 75%). 
Hydrolysis of the crude acid fraction gave a good yield of methyl- : 


pimelic-acetic acid. 


Intramolecular Condensation of Ethyl 1-Methylcyclohexan-3-one- 1 
l-acetate.—The small amount of neutral ester derived by condensing _ 
the cyclic ester (XI) with sodium according to the general method | 


proved to be unchanged material. The large amount of acidic | 


| 


material was almost entirely soluble in sodium carbonate and gave | 
no colour with ferric chloride. On distillation in a vacuum a portion — 
passed over as a viscous, colourless oil (containing some methyl-_ 


cyclohexanoneacetic acid), but the major portion would not distil 
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and set to a resinous mass on cooling. The undistilled substance 
readily gave a silver salt which on treatment with methyl iodide 
yielded an oil, only a portion of which passed over on distillation 
_and from which no pure substance could be obtained. Numerous 
attempts to purify the acidic substance were without success, nor 
could crystalline derivatives be obtained. The composition and 
_ basicity corresponded approximately with that of ethane-1:2I[1:4. 
1-methyl-A?-cyclohexen-3-ol-5-one (XVI). A similar product was 
obtained by using alcoholic sodium ethoxide instead of sodium. 
‘This material, after prolonged desiccation, gave in benzene solution 
molecular weight values almost double of that corresponding to 
formula XV or XVI. Boiling for some hours with caustic soda 
_ ¢aused conversion into methyleyclohexanoneacetic acid. 


C. Oxidation of Cyclic Compounds. 
: Oxidation of Ethyl 1- Methylcyclohexan-3-one-4-carboxylate-1- 


-acetate.—To an ice-cold suspension of the ester in very dilute caustic 
potash, 3% potassium permanganate solution equivalent to about 
: 5 atoms of oxygen was added drop by drop, with rapid stirring. 
_ After removal of the manganese, the solution was evaporated to small 
: bulk and extracted with ether. From the concentrated ethereal 
: solution an excellent yield of a sand-coloured acid separated. This 
was methylmethanetriacetic acid, which, after precipitation from 
concentrated aqueous solution by hydrogen chloride and finally 
crystallising from acetone-chloroform, separated in colourless 
prisms, m. p. 172° [Found: C, 46-8; H, 6-0: M (tribasic), 210. 
Calc., C, 47-0; H, 59%; M, 204]. This acid was compared directly 
with the acid synthesised by Thorpe and Wood’s method (loc. cit.) 
and found to be identical. 
From the aqueous mother-liquor an amount of calcium oxalate 
approximately equivalent to the organic acid was isolated. 
Uxidaiion of the Product of Reaction of Sodium on Ethyl 1-Methyl- 
eyclohexan-3-one-1-acetate —The substance, dissolved in dilute 
sodium carbonate. was oxidised under conditions very similar to 
those described above. The intermediate oxidation products 
possessed considerable stability and the solution needed stirring for 
1 hours after addition of the necessary amount of permanganate 
(corresponding to 3 atoms of oxygen) was complete. After filtering 
and concentrating, the solution was acidified with hydrochloric acid. 
The intense bright red colour thus produced persisted for several 
days, but was instantly discharged by ammonia, only to reappear 
on acidification with acetic acid. Extraction of the acid liquor 
with ether yielded an oil which slowly deposited a crystalline acid. 
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This separated in small, colourless prisms, m. p. 148—149°, from 
acetone-chloroform [Found: C, 49:3; H, 6-55; M (tribasic), 212. 
C,H,,0, requires OC, 49-5; H, 65%; M, 218]. This acid was | 
compared directly with a specimen synthesised from ethyl levulate 
(Section D) and found to be identical. 


D. Guareschi Synthesis of Polycarboxylic Acids. 


8. Methylpimelic-8-acetic Acid.—Ethyl y-acetobutyrate (8 g.), 
prepared by Bentley and Perkin’s method (J., 1896, 69, 1511), was 
mixed with ethyl cyanoacetate (11-3 g.). To the cold mixture, 
ammoniacal alcohol (25 c.c.) saturated at —10° was added. The 
product was kept at 0° in a tightly stoppered bottle for 2 days; 
inoculation with a crystal of an analogous imide then initiated 
crystallisation. Thus the ammonium salt (m. p. 97°) of an ester 
imide was obtained in good yield. From this the imide separated 
on acidification as a thick oil which soon solidified. More of the 
imide was obtained from the mother-liquor by removing the alcohol, 
without applying heat, and acidifying. It separated from dilute 
aqueous alcohol in long, transparent needles, m. p. 138—139° 
(Found: C, 57:3; H, 5:8; N, 14:9. C,,H,;0,N3 requires 0; 57-% 
H, 5:9; N, 144%). 

The imide (2-5 g.) was mixed with 15 c.c. of concentrated sulphuric 
acid; when water (15 c.c.) was added, the imide dissolved. After 
7 hours’ boiling, hydrolysis was complete without carbonisation 
having taken place. Ethereal extraction of the cooled, diluted 
product yielded an oily acid which soon solidified in an evacuated 
desiccator (yield 2-1 g.). Recrystallisation from concentrated 
acetone-chloroform solution yielded colourless, well-defined prisms 
of @-methylpimelic-G-acetic acid, m. p. 124—125°. . This m. p., 
differing by 1° from that recorded above, was not depressed by 
admixture of the two acids [Found: C, 51:7; H, 7:1; M (tribasic), 
234. 1\Cale,, iO) Sleds dae Be su eeoeoe: | 

8-Methyladipic-B-acetic Acid.—This acid was prepared from ethyl | 
levulate analogously to the preceding one. The crystalline 
ammonium salt (m. p. 136°) gave an excellent yield of the ester 
imide (XVIII), which separated from aqueous alcohol in long, 
transparent needles, m. p. 169° (Found: C, 55-6; H,. 55) 15°8. 
Required for C,3H,,0,N3, C, 56-3; H, 5-4; N, 15-2%). : 

By hydrolysis of the imide with a mixture of equal volumes of 
sulphuric acid and water the acid was obtained. It was recrystal- 
lised from a mixture of equal volumes of acetone and chloroform, 
from which it separated in hard, colourless prisms, m. p. 148—149° 
(Found: OC, 49-35; H, 6-4. Cale., C, 49-5; H, 65%). 
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CCCXXIT.— Applications of Thallium Compounds in 
Organic Chemistry. Part II. Titrations. 


By Grorcr Haart Caristiz and Ropert CHarLes MENZIES. 


AMONG new salts prepared by titration (see, inter alia, Menzies and 
Wilkins, J., 1924, 125, 1148) are thallous fumarate and thallous 
maleate, which exhibit difierences in properties similar to those 
displayed by the acids. | | 
Tetrathallium tartrate, C,H,O,T1,, prepared in alkaline solution, is 
sparingly soluble in water; the solution turns phenolphthalein pink, 
and the amount of.acid required to discharge the colour corresponds 
to two equivalents of thallium. The salt may be recrystallised 
unchanged from a sufficiency of water; if, however, carbon dioxide 
be passed while heating, solution takes place more rapidly and the 
liquid on cooling deposits the characteristic needles of thallous 
carbonate. These facts indicate that two of the four thallium atoms 
are hydrolysable. 
This salt does not appear to have been prepared before, as thallous 
tartrate has hitherto been made from the acid and thallous carbonate 
_ (Kuhlmann, Compt. rend., 1862, 55, 608; Carstanjen, J. pr. Chem., 
1867, 102, 146; Lamy and des Cloizeaux, Ann. Chim. Phys., 1869, 
17, 335; Glucksmann, Z. Kryst. Min., 1894, 23, 566). Carstanjen 
states that thallous tartrate has an alkaline reaction, but we find — 
_ that tartaric acid may be accurately titrated with thallous hydroxide 
solution and phenolphthalein, the end-point being sharp. | 
_ Inits somewhat sparing solubility, tetrathallium tartrate resembles 
the double tartrate of thallium and antimony (Kuhlmann; Lamy 
and des Cloizeaux; loc. cit.), and it is possible that it is the first 
example of a metallic hydroxy-acid complex formed by a univalent 
Metal (see Wark, J., 1923, 123, 1815). 7 
_ An attempt to prepare tetrapotassium tartrate failed, normal 
potassium tartrate alone being obtained by concentration of ,a 
Solution containing potassium hydroxide (4 equivs.) and tartaric 
acid (1 equiv.). Thallium compounds prepared on similar lines 
trom lactic, malic, citric, and salicylic acids gave irregular analytical 
| VOL, CXXVII. 4K 
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results. §-Diketones, however, and phenols give thallium salts 
which resemble tetrathallium tartrate in the ease with which they 
can be prepared pure, and in the accuracy with which the thallium, 
hydrolysed by water, may be estimated by titration. These com- 
pounds are now described, as the usefulness of readily prepared, 
well-crystallised substances of this type is obvious. The crystalline 
forms are often characteristic and develop on mixing drops of the 
solutions, so that their possible application in micro-analysis is 
indicated. Of interest are the thallous salts of ethyl acetoacetate 
and. of benzoylacetone, which resemble the thallous salts of acetyl- 
acetone and of acetonedicarboxylic ester in being readily soluble 
in organic solvents. Reactions of the above types of compound 
are under investigation and'will be described in a later communica- 
tion. Diphenyl ether, for instance, is formed by refluxing a solution 
of thallous phenoxide in iodobenzene, o-methoxybenzaldehyde has 
been obtained in 62% yield by heating thallium salicylaldehyde 
(Menzies and Wilkins, loc. cit.) under reflux with methyl iodide in 
benzene, and methyl stearate in quantitative yield from thallous 
stearate in the same way. The latter reactions as well as the former 
show that the resemblance between univalent thallium and the metals 
of both the A and the B sub-group of group | of the periodic table 
is not confined to inorganic chemistry. 


EXPERIMENTAL. 


Thallous Salts of Organic Acids ——These salts were prepared by 
titrating the acids with standardised thallous hydroxide solution 
and phenolphthalein, and were analysed after being filtered off 


and dried in a vacuum at 100°. The accuracy of the titrations” 


is the same as in the cases of sodium and potassium hydroxides, 
the values for the equivalent weights of the acids generally being 
correct to three significant figures. 

Thallous fumarate separates, when the solution obtained by titra- 
tion is cooled, in white, elongated prisms, m. p. 268° (decomp.) 


(Found: Tl, 77-9. C,H,O,TI, requires Tl, 78-2%). It is sparingly 
soluble in water. Thallous maleate crystallises, on evaporation of — 
its solution over sulphuric acid, in thick, white prisms, m. p. 164— | 
166° (Found: Tl, 77-85. C,H,O,TI, requires Tl, 78:-2%). It is. 


readily soluble in water. Thallows succinate crystallises im 
irregular plates, m. p. 246—248°, on slow evaporation of its solution 


(Found: Tl, 77-6. ©,H,0,TI, requires Tl, 77:9%). Thallous 
phthalate forms white prisms, m. p. 268—270° (Found: Tl, 70-8, — 


71-1. C,H,O,TI, requires Tl, 714%). 


Holde and Selim (Ber., 1925, 58, 524) prepared thallous palmitate — 
and oleate (Menzies and Wilkins, loc. cit.) and thallous stearate by _ 
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titrating alcoholic solutions of the acids with V /10-aqueous thallous 
hydroxide and recrystallising the precipitated salts from alcohol. 
By the use of Kahlbaum’s purified acids and a more concentrated 
Solution of thallous hydroxide the pure salts may be obtained in 
one operation as follows: 7:35 g. of stearic, 8-96 g. of palmitic, 
and 9-76 g. of oleic acid, each dissolved in 200 c.c. of warm alcohol, 
required 29-9 c.c., 40-43 c.c., and 39-9 c.c. of 0-864.N-aqueous 
thallous hydroxide (theory, 29-95, 40-48, and 40-03 c.c. respectively). 
On concentration and cooling there were obtained 10 g. of thallous 
stearate (m. p. 119°), 14:g. of thallous palmitate (m. p. 115°), and 
8 g. of thallous oleate (m. p. 78—82°) (Found: Tl, 42-1 for oleate, 
41-55 for stearate, 44-3 for palmitate. Calc., TI, 42:1, 41-9, 44-54 
respectively). | 
The observation that thallous palmitate softens at 116—118° 
but does not melt completely at 170° (Menzies and Wilkins, loc. cit., 
p. 1149) led to its examination by polarised light * between crossed 
nicols; it was then found that between the above temperatures 
the salt behaves as an anisotropic liquid. The stearate and oleate 
show similar changes (see Holde and Selim, Joc. cit.). 
The thallous tartrate obtained by slow evaporation of its solution 
prepared by titration was dried in air (Found: on drying in a 
_vacuum for 2 hours at 100—110°, H,0, 1-6; in dried salt, Tl, 73-2. 
Calc. for the hemihydrate,+ H,O, 1-6; for the dried salt, Tl, 73-4%). 
This salt has a neutral reaction when redissolved in water. The 
Salt obtained by Carstanjen (loc. cit.), and described as having an 
alkaline reaction, contained according to his analysis a slight excess 
of thallium (73-74%); both observations point to contamination 
with thallous carbonate used in its preparation. 
_ TPetrathalliwm tartrate is deposited whenever a solution containing 
tartaric acid and thallous thallium is made alkaline. (1) 12-5 G. 
(78% of the theoretical yield) were obtained from 2:5 g. of tartaric 
acid and four equivalents of thallous hydroxide solution (121-4 c.c. 
of approximately 0-551), the first few drops of which in excess 
 * At the suggestion of Professor Lapworth. 
: } 2-Methylpyridine-3 : 4 : 6-tricarboxylic acid (Lawson, Robinson, and 
Perkin, J., 1924, 125, 637) forms another of the few thallous salts containing 
water of crystallisation. 7-8 G. (theory 8-7) of the above salt were obtained 
from 2-35 g. of the acid (kindly supplied by Professor Robinson) as a 
white, crystalline powder which, on heating, charred without melting. After 
exposure to moist air to constant weight, it lost on subsequent heating 
at 140—145° 1-9% of its original weight. Another sample, dried to constant 
Weight at 145°, gained 2-2% of its final weight on exposure to moist air till 
the weight was again constant (6 days) [Found in dried salt : Tl, 73:1 (as TI1), 
73-2 (as T1,0;). C,H,ON,TI, requires Tl, 73-4%. C,H,ON,T1;,H,O requires 
H,O, 2-1%]. By a coincidence, 2-methylpyridine-3 : 4 :6-tricarboxylic acid 
and tartaric acid have the same equivalent weight. ee 
; iN a 


“ 
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produced a precipitate (Found : Tl, 84-2 as iodide, 42-5 by titration.* 
C,H,O,TI, requires Tl, 84-8%). (2) 5°86 G. (yield 87-6%, calculated 
on thallous hydroxide taken) were obtained from 1:77 g. of acid 
potassium tartrate and three times the amount of thallous hydroxide 
solution required to neutralise the salt (Found by titration: TI, 
42-55%). (3) 37 G. (yield 77%) were obtained from a hot solution 


of 7:5 g. of tartaric acid, 8 g. of sodium hydroxide, and 50:4 g. of | 
thallous sulphate in 500 c.c. of water (Found: Tl, 84-7, 84:8 as — 


iodide ; 42-5, 428% by titration). (4) 3-2 G. were obtained from 
6 g. of normal thallous tartrate hemihydrate and 50 c.c. of approxi- 
mately 0:44N-sodium hydroxide solution (Found by titration : 
Tl, 423%). (5) 0-38 G. was obtained from 1:39 g. of thallium 
hydrogen tartrate and 27 c.c. of the same sodium hydroxide solution 
(Found by titration: Tl, 42-5%). 

Decomposition by carbon dioxide. Tetrathallium tartrate (9-9 g.) 
only partly dissolved in 50 c.c. of boiling water; but on passing 


carbon dioxide dissolution was rapid and, on cooling, 37 g. of thallous © 


carbonate crystallised. Hydrolysis of half the thallium with form- 
ation of carbonate requires 4:8 g. of thallous carbonate, which is 
appreciably soluble in water. 

Comparative Estimations, by Titration and by Precipitation as 
Thallous Iodide, of Thallium in its Salts with 8-Diketones and with 
Phenols.—Thallous ethyl acetoacetate. The pure compound (24-3 g.) 
separated in needles, m. p. 91—92°, when 100 c.c. of thallous hydr- 
oxide solution (27:5 g. of TIOH per 100 c.c.) were mixed with 16-2 g. 
of ethyl acetoacetate dissolved in a little alcohol. The substance is 
readily soluble in organic solvents (Found : Tl, 61:1 as iodide; 
61-2 by titration. CHO! requires Tl, 61-:3%). 


The thallous salt of benzoylacetone (6-3 g.) was obtained in long, — 


yellow prisms, m. p. 103—105°, from 7:3 g. of benzoylacetone and 


the equivalent amount of thallous hydroxide solution. It is 


sparingly soluble in pure ether, but conveniently recrystallised 
from acetone (Found: TI, 55-9 as iodide; 55:6 by titration. 
C,)H,O,T! requires Tl, 55-9%). | | 

Thallous acetyl acetone (Kurowski, Ber., 1910, 43, 1078; Morgan 


and Moss, J., 1914, 105, 195). Found: TI, 67-0 as iodide; 66-9 by | 


titration. Calc., Tl, 67-4%. 


The thallous salt of acetonedicarboxylic ester (Menzies and | 


Wilkins, loc. cit.). Found: TI, 49°85 as iodide; 50-0 by titration. 
Cale Tl’ 50'5>%5- 


Thallous salis of phenols. Pure thalious phenoxide, m. p. 231 | 


* Percentages of thallium given as “ by titration ” have been calculated 


on the basis of 0-02044 g. of thallium per c.c. of N/10-acid required to | 
neutralise weighed amounts of the substances in question in aqueous solution. | 


THALLIUM COMPOUNDS IN ORGANIC CHEMISTRY. PART It. 2373 


235° (Kuhimann, Bull. Soc. chim., 1864, 1, 333), crystallises in long 
needles on cooling the solution: obtained by mixing equivalent 
weights of phenol in alcohol and of thallous hydroxide in hot water. 
Supersaturation occasionally occurs (Found : TI, 69-1 as iodide: 
68-7 by titration. Calc., Tl, 68-7%). 

Thallous m-tolyloxide, m. p. 187°, crystallises pure when a hot 
solution of m-cresol in an equivalent quantity of aqueous thallous 
hydroxide is cooled [Found: Tl, 65-2 as iodide; 65-7 by titration 


_(methyl-orange). C,H,OTI requires TI, 65:6%]. 


o- and p-Cresol also give characteristic salts, that of o-cresol 
differing from the others in its greater solubility in water. 

The thallous sait of resorcinol monomethyl ether (2-48 g.) was 
obtained in thin prisms, m. p. 146—148°, from 1-28 g. of resorcinol 
monomethyl ether and 8-1 ¢.c. of 1-27 N-thallous hydroxide solution 
(yield 73-5°,) [Found : Tl, 62-25, 62-4 as iodide: 63-0 by titration 
(methyl-orange). C,H,O,TI requires Tl, 62-4°%]. | 

The thallous salt of guaiacol (8-1 g.) was obtained from 5-7 g. of 
guaiacol and 36-1 c.c. of 1-27N-thallous hydroxide solution in stout, 
thombohedral plates, m. p. 160—161° (yield 53°7%). This salt is 


-much less soluble in water. than the salt of resorcinol monomethyl 


: 


ether (found : Tl, 62-4, 62-25 as iodide; 63-0°% by titration). 

Thallous «-naphthoxide, m. p. 180—190°. On cooling a hot 
aqueous solution of this substance, obtained in the usual way as an 
amorphous precipitate, an emulsion was first produced which, 
examined by ordinary light under a microscope, appeared to consist 
of small globules suspended in the liquid. These were invisible in. 
plane-polarised light between crossed nicols, crystals of stout, 
doubly refracting plates soon crystallised and the emulsion dis- 
appeared [Found: Tl, 58-25 as iodide; 58-6 by titration (methyl- 
orange). C, >H,OT! requires Tl, 58-8°%]. 
_ The thallous salt of vanillin separates in branching needles, m. p. 
193—201°, in almost theoretical yield when a weighed amount of 
vanillin, dissolved in a little alcohol, is added to an equivalent 
quantity of moderately concentrated thallous hydroxide solution 
(Found: Tl, 56-8, 57-0 as iodide; 57-0 by titration. C,H,O,TI 
requires Tl, 57-5%). 
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CCOCXXIII.—The Reactions of Azoxy-compounds. 
Part I. The Action of Lnght. 


By Wit11am Morpoce Cummine and GrorGE STRATON FERRIER. 


AurnovcH much hasbeen published on the preparation of azoxy- 
compounds, few attempts have been made to explore the reactions 


of this somewhat stable group. Scattered observations (notably — 


by Knipscheer, Kec. trav. chim., 1903, 22, 1) indicate that one 
characteristic reaction of azoxy-compounds, their conversion into 
hydroxyazo-compounds under the influence of sulphuric acid, can 
also be brought about by the action of light. Knipscheer obtained 
o-hydroxyazobenzene, in poor yield (10-3°%), and with much loss 
of material through volatilisation (39-7%), by exposing sheets of | 
filter-paper impregnated with azoxybenzene to sunlight for 5 weeks. 
He further stated, as a result of experiments in boiling benzene and. 
toluene, that the transformation took place satisfactorily only when 


the azoxybenzene was in the solid state. As this did not agree 


with observations made in this laboratory (Cumming and Steel, 


J., 1923, 123, 2465; Cumming and Ferrier, J., 1924, 125, 1108) 


on a«’- and 8@’-azoxynaphthalenes, and as it was further believed 
that the loss of azoxybenzene through volatilisation could be 
greatly reduced by carrying out the transformation in solution, it 
was decided to reinvestigate the subject. 


By exposing solutions of azoxybenzene in various solvents to — 


the light of a mercury vapour lamp, o-hydroxyazobenzene was 


obtained in fair yield, varying with the conditions. The best — 
results (28-0%) for 50 hours’ exposure were obtained in absolute © 


ethyl alcohol, and the worst (7-7%) in benzene. Increase of tem- 
perature materially increased the loss of azoxybenzene through 


volatilisation, and only slightly improved the yield. The trans-— 


formation also takes place in sunlight, but cannot be effected by — 


ordinary electric light. In this connexion it 1s of interest that 
Cumming and Steel (Joc. cit.) have found that exposure of ««’-azoxy- 
naphthalene to sunlight or to the light of a mercury vapour lamp 
for a short period produced a red isomeride of the same melting 


point (127°); prolonged exposure, however, produced an azo-— 
naphthol melting at 224° (private communication). This change 


they formulate thus : 


RYN —> R-NIN-R-OH 


— 


R-N.N *R 
O 


Yellow azoxynaphthalene. Red isomeride. Azonaphthol. 


We have also obtained hydroxyazo-compounds from 2: 2!) 
3:3’-, and 4: 4’-azoxytoluenes, 4: 4'.dichloroazoxybenzene, and 


: 


‘| 


| 
: 


| 
| 
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2 : 2’-diamino-4 : 4’-azoxytoluene under similar conditions. 4; 4’- 
Azoxyanisole, 4 : 4’-azoxyphenetole, and 4: 4’.dinitroazoxy benzene 
reacted slightly or not at all. In the case of 2: 2’-azoxytoluene 
products of widely different melting points were obtained according 
to whether the transformation was carried out in alcohol or benzene 
solution. The hydroxyazo-compounds were obtained as red needles 
_ of varying solubility in sodium hydroxide solution. In cases where 
we were able to determine the orientation, the hydroxyl group 
appears to enter the benzene nucleus in the ortho-position with 
respect to the azo-group. 

Janovsky and Reimann (Ber., 1889, 22, 40, 1172) state that by 
fractionally crystallising the product from the action of zine and 
sodium hydroxide on p-nitrotoluene they obtained an isomeric 
p-azoxytoluene melting at 75°, which they state can also be obtained 
by the oxidation of p-azotoluene with nitric acid. We have been 
unable to obtain this isomeride by either method, and have shown 
that it is not a solid solution of p-azo- in p-azoxy-toluene. Our 
work, therefore, indicates that the existence of this isomeride is 
extremely doubtful. 


EXPERIMENTAL. 


Azoxybenzene.—A. Effect of ultra-violet light. Azoxybenzene 
(5 g.), dissolved in 85% alcohol (500 c.c.) contained in a quartz 
flask and placed under a reflux condenser to reduce loss through 
volatilisation, was exposed for 50 hours to the light of a mercury 
vapour lamp. The alcohol was then distilled off and the red, 
crystalline residue dissolved in ether and exhaustively extracted 
with 8% sodium hydroxide solution (2 litres). The ethereal solution 
after extraction yielded 3-65 g. of azoxybenzene. The alkaline 
extract, after acidification with hydrochloric acid, was kept over- 
night and filtered. A yellow powder (1-05 g.), m. p. 76—78°, was 
obtained, which was completely volatile in steam (hence containing 
no p-hydroxyazobenzene) and after crystallisation from alcohol 
formed red needles, m. p. 82—83°. Bamberger (Ber., 1900, 33, 
1939) gives for o-hydroxyazobenzene m. p. 82-5—83°. 
The compound was further characterised by formation of the 
copper salt described/by Bamberger, who does not, however, give 
details of the method for its preparation. This can best be accom- 
plished by mixing equivalent quantities of an alcoholic solution of 
cupric chloride with a sodium ethoxide solution of the dyestuff, 
and leaving to crystallise. The salt melted at 223° (Bamberger 
gives m. p. 225—226°). 

A control experiment was carried out by keeping a similar solu- 
tion of azoxybenzene in the dark for 14 days and working up 
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similarly. Pure azoxybenzene was recovered quantitatively. A 
sample of o-hydroxyazobenzene in alcoholic solution was exposed. 
to the lamp for 125 hours, and the product fractionally crystallised 
from alcohol. No change was apparent. | 

The yields (per cent. of o-hydroxyazobenzene after 50 hours’ 
illumination) obtained with various solvents were: 85% EtOH, 
20-5; 100% EtOH, 28-0; MeOH, 24; PrOH, 26-3; C,Hg, Te 
boiling 85°% EtOH, 22:3. | 

Dilution of the 85°% ethyl-alcoholic solution from 1% to 05% 
of the azoxy-compound left the yield practically unaltered (26-0, 
24-6°/), but increase of time of exposure to 100 and 200 hours raised 
the yield to 44:0% and 63-3% respectively. 

B. Action of sunlight. On June 24th, 1924, a solution of 18 g. 
of azoxybenzene in 1300 c.c. of 85% alcohol was divided between — 
(i) a quartz flask (500 c.c.), (ii) a glass flask of approximately the 
same dimensions as (i) but with thinner walls (500 c.c.), and (iti) a 
thick glass reagent bottle (300 c.c.), in the proportions indicated. 
The flasks having been corked, and luted with sealing wax, were 
clamped to a retort stand in such a way as to ensure equal illumin- 
ation, and exposed on the roof of the College until September 24th, 
when they were taken in and worked up in a similar manner to the 
other experiments. From the solution in (i) were obtained 1-56 g. 
(31-2); from the solution in (ii), 1-88 g. (37-2%); and from the 
solution in (iii), 1:00 g. (33-3), of the hydroxyazo-compound. 
Further experiment showed, however, that when the light of a 
mercury vapour lamp was employed, a solution in glass was only 
one-half as much transformed as one in quartz. 

C. Action of electric light. A metal-filament lamp was immersed 
in a solution of 7-5 g. of azoxybenzene in 750 c.c. of alcohol, and lit — 
for 50 hours. The solution had then only slightly changed colour, 
and on working up yielded pure azoxybenzene quantitatively. __ 

2 : 2’-Azoxytoluene.—2 : 2'-Azoxytoluene (3 g.), dissolved in 85% 
alcohol (300 c.c.) and illuminated for 50 hours by means of the 
mercury vapour lamp, on transference to ethereal solution and 
extraction with 8°% sodium hydroxide yielded practically nothing. 
The ether was removed, and the red, crystalline product added to 
a solution of 5 g. of 2: 2’-azoxytoluene in alcohol, also previously | 
illuminated. The whole was then fractionally crystallised from — 
alcohol. The less soluble fractions were identified as 2 : 2’-azoxy- 
toluene, the more soluble ones after purification and distillation 
under reduced pressure (b. p. 164°/3 mm.) melted at 47-5—48-5° 
and formed orange-red needles giving a deep-red solution in alcohol 
(Found: N, 12:4. ©,,H,,ON, requires N, 12-4%). | 

Sixteen grams of 2: 2’-azoxytoluene were dissolved in 650 c.c. | 


/ 


| 
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of benzene and illuminated for 50 hours. The solution, which had 
turned deep red, was concentrated, and extracted with 8°% sodium 
hydroxide solution, to which it yielded nothing. After removing 
the benzene, and shaking with sodium hydroxide solution for 3 days 
(with negative results), the product was fractionally crystallised 
from alcohol. Together with unaltered initial material, a very 
small amount of red needles, m. p. 92—93°, closely resembling in 
appearance the other hydroxyazo-compounds, was obtained, but 


not in sufficient quantity for analysis. 


3: 3'-Azoxytoluene.—This substance was prepared by the method 
of Buchka and Schachteback (Ber., 1889, 22, 834), with slight 
modification. The purification of the azoxy-compound from traces 
of the nitro-compound sufficient to prevent crystallisation proved 
difficult, but the following procedure gave satisfactory results. The 
reduction mixture was steam-distilled, and the residue extracted 
with ether. After removal of as much of the ether as possible by 
distillation, the product was taken up in absolute alcohol and 
the last traces of ether were removed by heating on the water- 
bath. On dilution with a few drops of water and cooling it a 
freezing mixture, crystals of 3: 3’-azoxytoluene separated. Further 


purification by crystallisation from 85% alcohol presented no 


difficulty. . 

Two flasks containing, respectively, 5 g. and 1-55 g. of 3: 3’-azoxy- 
toluene dissolved in 500 c.c. of 85% alcohol were illuminated for 
52 hours. On working up as in the case of azoxybenzene, 0:38 and 
0-17 g. respectively were obtained of a yellow powder, which after 
recrystallisation from alcohol formed red needles, m. p. 61-5—62-5° 
(Found: N, 12-6. Ci,H,,ON, requires N, 12-4°%). 4-Hydroxy- 


3: 3’-dimethylazobenzene melts at 115°, and 6-hydroxy-3 : 3'-di- 


methylazobenzene at 95°. Therefore this substance is probably 
2-hydroxy-3 : 3'-dimethylazobenzene. 
4 : 4'-Azoxytoluene.—Preparation : see p. 2378. 
Action of light. 4: 4'-Azoxytoluene (4-72 g.), dissolved in 85% 


alcohol (500 c.c.) and illuminated for 54 hours, was treated as in 
the case of azoxybenzene, 6 litres of 8% sodium hydroxide solution 


being necessary to complete the extraction. 3-Hydroxy-4 : 4’-azoxy- 
toluene (yield 0-47 g., or 10%), m. p. 150--151°, and otherwise 
agreeing with Macpherson and Boord’s description (J. Amer. Chem. 


_ Soc., 1911, 33, 1531), was obtained. 


4:4’. Azoxyanisole—A : 4'-Azoxyanisole (4:34 g.), dissolved in 
alcohol (500 c.c.), was illuminated for 50 hours, the solution being 
kept boiling to retain the azoxy-compound in solution. On cooling, 
3-21 g. of pure azoxyanisole separated out (m. p. after recrystal- 


lisation 116-7°, clearing point 134°). The united movienGanite 
4K 


| 


| 


: 
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were evaporated, and the residues dissolved in ether and extracted — 
with L:litre of 16°/ sodium hydroxide solution. An orange, alkaline 
extract was obtained, which turned red on acidification, depositing 
2 minute crop of red crystals, melting after crystallisation at 121°, 
but in too small quantity for further examination. On evaporation 
of the ethereal solution a further quantity (0-5 g.) of p-azoxyanisole 
was obtained. | 

In a previous experiment a curious effect was observed whereby 
a solution which had been illuminated for 17 hours became deep 
green, almost black. On ‘Jlumination for a further period of 
11 hours this colour faded to orange. 

4 : 4'-Dichloroazoxybenzene.—4 : 4'-Dichloroazoxybenzene (5 g.) 
dissolved in boiling 85% alcohol was illuminated for 50 hours at 
the boiling point. After working up in the usual way, making 
use of sodium hydroxide solution, a small yield of red crystals, 
m. p. 171—172°, was obtained (Found: N, 9:8. C,.H,ON,Cl, 
requires N, 9:5%). 

2: 2’-Diamino-4 : 4'-azoxytoluene.—Three solutions were ‘illumin- 
ated, a 1% solution in alcohol, a solution of the hydrochloride in 
water, and a similar solution in water containing excess of hydro- 
chloric acid. In each case the product was much contaminated 
with tar. After removal of this by boiling alcoholic solutions with 
animal charcoal, and fractionally crystallising from alcohol, small 
quantities of red needles, m. p. 210°, were obtained. Graeff (Ann- 
alen, 1885, 229, 346) gives fora hydroxyazotoluidine obtained by the 
action of sulphuric acid on 2: 2’-diamino-4 : 4’-azoxytoluene a 
melting point 212°. ia 

Reported Isomerism of 4 : 4’. Azoxytoluene.—Samples of 4 : 4’-aZOxy- - 
and azo-toluene were prepared from p-nitrotoluene by the method 
of reduction by zinc dust and ammonium chloride applied by us 
to other nitro-compounds (Cumming and Steel, Cumming and 
Ferrier, Joc. cit.). Exhaustive fractional crystallisations from — 
acetic acid and from absolute alcohol of the mixtures of azoxy- — 
and azo-toluene obtained gave no trace of any compound melting 
at or about 75°. Further experiments in which the method of 
reduction employed by Janovsky was followed in detail were 
similarly unsuccessful. The yield from the former reduction is 
10% better than from the latter. The action of 3 parts of nitric acid 
(d 1-51) does not, in our hands, give a product melting at 75°, but a 
mixture of a red substance, m. p. 202°, probably tetranitroazotoluene 
(Janovsky, Monatsh., 1888, 9, 839), with a white substance, m. p. 
153°. The formation of the latter is favoured by increase of time 
of nitration. As it was suspected that the substance melting at 
75° might be a solid solution of azotoluene in azoxytoluene 
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(compare Hartley and Stuart, J., 1914, 105, 309, for the case of 
azobenzene and azoxybenzene), a setting-point curve of mixtures of 
p-azo- and p-azoxy-toluene was prepared. This revealed, however, 
no irregularities. From the setting point, 69:95°, of the pure 
azoxy-compound, the curve rises fairly steeply to the point corre- 
sponding to 75° and 10% of the azo-compound: addition of azo- 
toluene to the azoxy-compound, therefore, does not depress the 
setting point of the latter. The curve then rises, first with slight 

concavity (relative to the composition axis) to the point corre- 
sponding to 140° and 99% of the azo-compound, and then steeply 
to 143-4°, the setting point of the pure azo-compound. A 50% 
mixture has a setting point of 118-5°. 


It is a pleasant duty for one of us (G. S. I.) to acknowledge 
his indebtedness to Messrs. Nobel Industries and to the Carnegie 
Trustees for scholarships during the tenure of which this work was 
carried out. 


Royat TECHNICAL CoLLEGE, Guascow. [Recewed, July 6th, 1925.] 


CCCXXIV.—Co-ordinated Compounds of the Alkali 
| Metals, Part II.* 


By Nervi Vincent Sripewick and Freperick Mason BREWER. 


Tux discovery by Plant (loc. cit.) of the 4-covalent alkaline deriv- 
atives of y-indoxylspirocyclopentane made it of interest to see whether 
such derivatives were formed by the simpler compounds which give 
chelate rings with multivalent metals, such as 6-diketones, 8-ketonic 
esters, o-hydroxy-aromatic esters and aldehydes, and o-nitrophenols, 
the alkaline derivatives of which have hitherto been regarded as 
salts. It is possible that in some cases they are not salts, but co- 
valent compounds with the metal forming part of a chelate ring 
(type I) as the replaceable hydrogen does in the original compound 
(Sidgwick and Callow, J., 1924, 125, 532: Sidgwick, this vol., 
p. 907). The metallic atom might also assume a higher covalency 
of 4 or 6 (especially of 4, which is in general very stable); but it can 
only do so by forming addition compounds, either with the original 
or some similar organic compound, as happens with the w-indoxyl 
derivatives (III), or possibly by the co-ordination of two single 
Molecules, as for example of water (II). Finally a third chelate ring 


* Part I: Sidgwick and Plant, this vol., p. 209. 
4K*2 
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might be added in the same way, giving a 6-covalent metallic atom 


(IV). 
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It will be seen from what follows that there is considerable 
evidence for the existence of sybstances of the first of these types, 
and we have prepared numerous examples of the second and third, 
and some of the fourth. 


1. Simple Alkaline Derivatives. 


The alkaline derivative of, say, a @-diketone may either be a salt, 
or may have the metal covalently attached to oxygen. . From the 
strong tendency of the alkali metals to ionise, we should not expect 
the compound to be covalent unless this made a further increase of 
stability possible, as through the closing of a chelate ring, which 
can happen with these compounds. Hence the alternative struc- 

tures are (1) a salt and (2) a 2-covalent chelate compound. In the 
first case, the substance will have the usual properties of the salt 
of an organic acid: it will be insoluble in non-hydroxylic solvents 
and soluble in water, and on heating it is likely to decompose (char) 
without melting. In the second case, we may expect non-polar 
properties; a definite melting point, and greater solubility in organic 
solvents than in water. none 

The examination of the alkaline derivatives of substances of this 
kind shows that their properties are sometimes those of polar and 
sometimes those of non-polar compounds. They can behave in one 
of three ways, as the following examples show. ) 

(1) When a benzene solution. of ethyl malonate is treated with 
sodium, the sodium derivative separates as it is formed ; it is quite 
insoluble in benzene, and when heated it chars without melting: 
it behaves as a salt. 

(2) If ethyl methylmalonate is used, the sodium dissolves to form 
a clear solution, from which the compound does not immediately 


OF THE ALKALI METALS. PART It. 2381 


separate even on concentration; but when once it has separated it 
is quite insoluble in benzene or toluene. (This might be ascribed 
to the formation of a colloidal solution, but the gradation of 
properties as we pass from class 1 to class 3 makes this improbable.) 

(3) If ethyl acetoacetate is used, the sodium compound is found to 
melt to a clear liquid at 108°, and to be quite soluble in hot toluene. 

These differences in behaviour suggest that the members of class 1 
are always salts; that those of class 2 are non-polar chelate com- 
pounds when first produced, but on separation change into a more 
stable ionised form; whilst those of class 3 are stable in the non- 
polar form. 

From our own observations and those recorded in the literature 
it appears that the majority of these compounds are of the first class. 
All the lithium derivatives we have prepared (including those of 
acetoacetic ester, acetylacetone, benzoylacetone, o-nitrophenol, 3- 
nitro-o-cresol, and quinizarin) are of this kind; they are insoluble 
in toluene and decompose on heating without fusion. Of the sodium 
derivatives, those of ethyl malonate, acetylacetone, ethyl cyano- 
acetate, methyl salicylate, salicylaldehyde, o-nitrophenol, 3-nitro- 
o-cresol, and quinizarin belong to this class. On the other hand, the 
sodium derivatives of the alkyl- and phenyl-malonic esters and 
(according to unpublished results of Dr. A. F. Titley) of 1-ketohydr- 
indene-2-carboxylic ester, behave like that of methylmalonic ester 
(class 2), and the sodium salt of ethyl picrylmalonate (Jackson and 
Soch, J. Amer. Chem. Soc., 1896, 18, 133) does not separate on 
formation, although it is only very slightly soluble in benzene. 

The sodium derivatives of acetoacetic ester, of ethyl ethylaceto- 
acetate (Wislicenus, Ber., 1874, 7, 683), and of ethyl ethanetetracarb- 
oxylate belong to the third class, and are moderately soluble in 
non-hydroxylic solvents. 

Of the comparatively few potassium derivatives examined, those 
of ethyl acetoacetate, ethyl cyanoacetate, and benzoylacetone are 
Soluble to some extent in benzene and toluene, and melt at 106°, 

_185—137° and 146°, respectively, so that they belong to the third 
‘class. Where the sodium compounds are of the second kind, their 
‘potassium analogues appear to behave as salts (class I), and to be 
insoluble in benzene. 

It is to be noticed that the replacement of the hydrogen attached 
to the middle carbon atom of the three (as in the esters of the 
alkylmalonic acids) promotes the stability of the non-polar form : 
this may be connected with its effect (on the Thorpe—Ingold theory) 
in closing up the chelate group. 

There is thus some evidence of the existence of chelate compounds 

of 2-covalent sodium and potassium. 
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2. 4. and 6-Covalent Derivatives (Addition Compounds). 

Many of these metallic derivatives which are insoluble in benzene 
and toluene readily dissolve in those solvents in presence of excess 
‘of the mother-substance. Thus it was found that sodium ethyl 
malonate, though quite insoluble in benzene, easily dissolved on 
warming in benzene containing an excess of malonic ester. On 
further heating, a gelatinous precipitate separated, consisting of the 
sodiomalonate. This suggests that a soluble addition compound is 
formed, which dissociates on heating. Evaporation of the solvent. 
in the cold left a pasty mass from which no definite compound could 
be isolated. Similar behaviour was observed with ethyl methyl- 
malonate, ethyl cyanoacetate, acetylacetone, benzoylacetone, and 
ethyl acetoacetate, though no precipitation took place on heating. 
It is not necessary that the parent substance should be present; 
for example, sodium acetylacetone will dissolve in a benzene solution — 

of acetoacetic ester. 

The more definite salts, such as the sodium derivatives of o-_ 
nitrophenol, salicylaldehyde, methyl salicylate, and the oximes of | 
benzil, did not dissolve in benzene solutions of the parent substance, 
but were soluble in the parent substance itself. The solid obtained 
by the action of powdered sodium on excess of methyl salicylate, 
_ after drying on a porous plate, melted at 144° and contained 7-8% 
of sodium (C,;H,O,Na,C,H,O; requires Na, 7:2%), but on washing 
with ether it lost ester continuously; it may therefore be only a 
mixture, but is more probably an unstable compound. An 
analogous compound of salicylic acid, C;H;0,Na,C;H,Og, has been 
described by Hoitsema (Z. physikal. Chem., 1898, 27, 312): this 
we found not to be soluble as a whole in organic solvents: on 
prolonged treatment with benzene or ether it slowly lost salicylic 
acid, leaving a residue of sodium salicylate. 

An attempt was made to prove the formation of a compound in 
solution by observing the depression of the freezing point of a solu- | 
tion of acetoacetic ester in benzene on addition of the sodium 
derivative; if the latter were wholly combined, its addition would 
cause no further depression. The available concentrations were 
limited by the separation of the sodium compound or of gelatinous 
products, but the results given in the following table indicate that 
some combination takes place, although it is by no means complete; 
the calculated values of the depression caused by the sodium com- 
pound are on the assumption that no combination occurs. 


Per Cent.) Ester 0.0.0 )..0.. 5.655% 6:42 * 6°43 6:40 9-06 11-57 

F. p. Depression ........-..+44: ; 242° 242° 2-61° 3°62° 437° 
Per Cent. Na Deriv..........+++: 2-56 1-52 0-872 0-828 0-585 
Further Cale. }iVanke eae 0:90° 0:53° 0-31° 0-29° 0-20° 


Depression f Obs. ........-05- 0-23° 0-18° 0-10° 0-10° 0-02° 
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Attempts to establish the formation of these compounds by means 
of solubility curves of the sodium derivative in the ester, either alone 
or in presence of toluene, were vitiated by the decomposition of the 
sodium derivative and its reaction with the ester at the temperatures 
required. 

These facts taken together render it very probable that sodium 
is capable of forming 4-covalent compounds with substances of this 
kind ; but for a definite proof the isolation of the products is needed. 


w 


— 


Preparation of 4-Covalent Compounds. 


Derivatives of Benzoylacetone—The sodium derivative of benzoyl- 
acetone, C,H,*C(ONa):CH:CO-CH,, behaves as a salt: it has no 
definite melting point, and is quite insoluble in hydrocarbons. On 
recrystallisation from 96% alcohol, however, it became easily soluble 
in toluene. Analysis showed that the compound had taken up two 
molecules of water from the aqueous alcohol (Found: C, 54:2; 
H, 5-4; Na, 10-2. C,,H,O,Na,2H,O requires C, 54:55; H, 5-9; 
Na, 10-5%). It melts at 115°, with some preliminary loss of water ; 
the water was identified by, its b. p., and by its action on anhydrous 
copper sulphate. It is somewhat soluble in benzene and chloroform 
The solubility in hydrocarbons is in marked contrast to the behaviour 
of the original sodium derivative, and clearly shows that the com- 
pound is not a hydrated salt. The closure of the chelate ring is 
evidently due to the possibility of securing, by means of the water 
molecules, a stable covalency of 4 (formula II). The 96% alcohol 
contains just enough water to form the hydrate, but not enough 
to hydrolyse the original salt; on recrystallisation from water a 
small amount of the hydrate was obtained, but the greater part of 
the compound was hydrolysed. It was not found possible to prepare 
a double compound of sodium benzoylacetone and benzoylacetone ; 
if water was carefully excluded, no product was obtained, and if 
water was present, the hydrate was formed. 

A corresponding lithium compound was obtained, but it could not 
be freed from anhydrous salt (which is much less soluble in alcohol 
than its sodium analogue) by recrystallisation from alcohol. It 
was recrystallised from ethyl acetate, in which it is readily soluble 
(the anhydrous salt is insoluble). It forms lustrous, pearly plates 
(Found: Li, 3-4. ©, ,H,O0,Li,2H,O requires Li, 34%). 

Potassium benzoylacetone, which melts at 146° and is somewhat 
soluble in toluene, does not appear to form a stable hydrate. = __ 

Acetoacetic Ester —A hydrate of the sodium derivative was prepared ~ 
by Elion (Rec. trav. chim., 1884, 3, 240) ; by adding the ester to a sus- 
pension of excess of powdered sodium hydroxide in ether (in complete 
absence of moisture) he obtained a solution of the sodium derivative 
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in ether (presumably containing a non-polar compound with the 
ether), from which the hydrate was precipitated on adding a few 
drops of water. He describes this as a monohydrate, but his 
analyses are not very accurate. We found that it is very difficult 
to avoid the simultaneous precipitation of the anhydrous form, while 
the hydrate itself is very unstable. A’ freshly prepared specimen, 
precipitated by very vigorous stirring with a slight excess of water, 


melted at 102° and was completely soluble in benzene (the anhydrous. 


salt melts at 108° and is practically insoluble in benzene, although 
it dissolves in hot toluene) (Found: ©, 38-6; H, 6-2; Na, 12-75. 
C,H,O,Na,2H,O requires C, 38-3; H, 6:6; Na, 12-2%). Although 
not quite pure, the compound is evidently the dihydrate. On 
standing, it decomposes, finally giving a substance of m. p. 82°, 
insoluble in benzene, which is also obtained by adding excess of 
water to Elion’s solution of the sodium derivative; from its analysis 
it appears to be the dihydrate of sodium acetoacetate (Found : 
C, 31:0; H, 61; Na, 14:5. C,H;0,Na,2H,O requires C, 30-0; 
H, 5-6; Na, 14-4%). This is confirmed by the fact that whilst the 
aqueous solution of the original dihydrate when acidified becomes 
turbid (from separation of ester), that of this product remains clear 
but evolves carbon dioxide. De Forcrand (Ann. Chim., 1895, 5, 
405) obtained similar results. In the same way, Thorpe (J., 1900, 
77, 923) found that an aqueous solution of the sodium derivative 
of cyanoacetic ester is converted on evaporation to dryness into 
sodium cyanoacetate without any intermediate alkaline reaction. 


It is probable that the chelate form of the ester hydrate hydrolyses 


directly to the chelate isomeride of the salt hydrate. 

Acetylacetone.—The sodium derivative was converted by recrys- 
tallisation from aqueous alcohol, acetone, or ethyl acetate into a 
hydrate; pearly plates, giving off water on heating, soluble in ethyl 
acetate (in which the anhydrous compound is insoluble), but not 
soluble in toluene. Very unstable: a specimen recrystallised from 
alcohol and ethyl acetate gave C, 35:8; H, 6-8; Na, 14:1; another 
specimen gave Na, 14:5 (C;H,O,Na,2H,0 requires C, 38-0; H, 7-0; 
Na, 14°55%). The potassium derivative is similar (Found: K, 
23-0. C;H,O,K,2H,O requires K, 22°4%); it rapidly decomposes, 
being apparently hydrolysed by its own water. © | 

No lithium compound could be prepared. 

Methyl Salicylate—Only the lithium derivative forms a stable 
hydrate, produced on crystallisation from aqueous alcohol; it 
separates in plates, soluble in ethyl acetate (from which they were 
recrystallised) and in toluene (Found: Li, 3-8. C,H,O,Li2H,O 
requires Li, 36%). On heating, it loses water gradually, and finally 
melts at about 278°. 
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Salicylaldehyde—Lithium compound. A solution of lithium 
hydroxide added to the aldehyde immediately precipitates the yellow, 
crystalline dihydrate: glistening, yellow plates (from alcohol), 
soluble in toluene, forming a colourless solution (Found: C, 50-5; 
H, 5:3; Li, 4-4. C,H,O,Li,2H,0 requires (, 51-2; H, 5:5; Li, 43%). 
It gives off water on heating, and melts indefinitely at about 228°. 

Sodium compound. Hantzsch (Ber., 1906, 39, 3089) found that 
even with excess of sodium ethoxide salicylaldehyde forms an “ acid 
salt °—an addition product of a molecule of the aldehyde and one 
of the simple salt. We found that this compound on washing with 
warm solvents gradually reverts to the simple salt (Found : Na, 
15-9. C,H;0,Na requires Na, 16-0%); but by washing with cold 
ether it could be obtained pure (Found : Na, 8-7. C,H;0,Na,C,H,O, 
requires Na, 8-6%); the same compound (Found: Na, 8:8%) 
separates from an alcoholic solution of the simple sodium salt 
to which an excess of the aldehyde has been added. 

Potassium ethoxide was found by Hantzsch to behave in the same 
way, except that excess of it destroys the complex. 

These double compounds are yellow, crystalline substances, 
slightly soluble in toluene, forming yellow solutions (the simple 
sodium and potassium derivatives are insoluble in toluene); they 
dissociate on heating in the solid state, and also in solution except 
in presence of excess of the aldehyde. Thus among the salicylic 

derivatives it is only with lithium that the monochelate hydrated 
form is produced; the sodium and potassium salts of the aldehyde 
give the dichelate form (formula ITI), corresponding to the w-indoxyl 
compounds. These differences no doubt depend on the relation 
between the strain in the ring and the size of the metallic atom. 

o-NVitrophenol_—The ease with which salicylaldehyde forms chelate 
addition products with its salts suggested that it might do so also 
with other similar alkaline salts, such as those of the nitrophenols; 
and this was found to beso. The bright red sodium o-nitrophenoxide 
is a definite salt, soluble in water and hot alcohol, insoluble in toluene 
orether. If salicylaldehyde is added to the solid salt the red colour 
at once disappears, the aldehyde is absorbed, and a bright yellow 
substance produced. After washing with ether, this has the com- 
position of an addition compound of the salt and the aldehyde (Found: 
Na, 84. C,H,O,;NNa,C,H,O, requires Na, 81%). It dissolves 
in toluene on warming to form a yellow solution, which on further 
heating loses its colour and deposits the red sodium o-nitrophen- 
oxide; excess of aldehyde prevents this dissociation. The same 
change occurs on héating the dry solid. No similar compound is 
formed from sodium p-nitrophenoxide. The substance evidently 
has the dichelate structure (III). 
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When sodium o-nitrophenoxide is crystallised from alcohol contain- 
ing excess of salicylaldehyde, yellow, feathery crystals separate. 
mainly consisting of this substance, but with rather a high sodium 
content (9-3%) owing to some sodium salicylaldehyde and free nitro- 
phenol having been formed : the latter has no tendency to form an 
addition compound, and remains in solution. 

The yellow compound cannot be a mixture of nitrophenol and 
sodium salicylaldehyde, since its composition does not change on 
washing with ether. : 

Lithium forms no corresponding compound; the yellow crystals 
which were produced were found to be impure dihydrate of lithium 
salicylaldehyde. 

Potassium o-nitrophenoxide in the anhydrous state is red, but it 
easily takes up water to form an orange hydrate, 2C,H,O,NK,H,O 
(Fritzsche, Annalen, 1859, 110, 153; Frazer, Amer. Chem. J., 1903, 
30, 309). This hydrate is slightly soluble in toluene, in which the. 
red salt is quite insoluble. Either form yields with salicylaldehyde 
an ochre-yellow compound which is difficult to purify. When freshly 
made, it contained 13:8°%% of metal (C,H,O;NK,C,H,O, requires 
K, 130%); it rapidly became discoloured, and after recrystallis- 
ation from alcohol contained excess of potassium, owing, no doubt, 
to interaction between the aldehyde and the salt. 

3. Nitro-o-cresol.—This gave very similar results. The dry sodium 
salt changed from red to yellow on addition of salicylaldehyde, 
and the product after washing and drying gave Na 7:4% 
(C;H,O,NNa,C,H,O, requires Na, 7:7%). The potassium salt 
absorbed a large excess of the aldehyde (possibly forming a 6-co- 
valent derivative), but no definite compound could be isolated. 
When the lithium salt of the nitrocresol was recrystallised from an 
alcoholic solution of the aldehyde, only the dihydrate of lithium 
salicylaldehyde was obtained. 3 | 

When acetylacetone was substituted for salicylaldehyde, no sub- 
stance of this type was produced; either no reaction took place, 
or the alkaline salt of acetylacetone was formed. : 

Quinzarin.—The derivatives of 1-hydroxyanthraquinone can form : 
chelate rings with the multivalent metals of the same type as those 
given by the §-diketones, and their lakes are recognised as chelate 
compounds (Werner, Morgan). Quinizarin (1 : 4-dihydroxy- 
anthraquinone) was selected as having each hydroxyl in the 
proper position for chelation with a quinone oxygen. Its alkaline 
salts (which have two atoms of metal in the molecule) are not 
easy to purify, as they are somewhat insoluble, and easily | 
hydrolyse with separation of quinizarin. They are best recrystal- 
lised from solutions containing excess of alkali. The lithium salt 1s | 
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reddish-purple, the sodium and potassium salts are deep blue- 
purple. 

When the sodium salt was treated with salicylaldehyde it turned 
brown, and after standing for 24 hours and washing with ether 
containing salicylaldehyde, a salmon-pink solid was left. It is 
decomposed by organic solvents with separation of the purple salt, 
but it is remarkable that it can be heated under water without any 
sign of hydrolysis. Analysis showed that this compound is formed 
by the addition of four molecules of salicylaldehyde to one mole- 
cule of the disodium salt (Found: C, 64:3; H, 4:0; Na, 6:1. 
C,,H,O0,Na,.,.4C,H,O, requires C, 65-3; H, 3:9; Na, 60%): an 
addition compound formed from 1 mol. of a monosodium salt and. 
- one of the aldehyde would have almost the same composition 
(C, 65:6; H, 3-4; Na, 6-0), but that it cannot have this formula is’ 
shown by its method of preparation, and is confirmed by the com- 
position of the lithium compound (below). 

The potassium compound was made in the same way, and had 
very similar properties (Found: K, 9-7. C,,H,O,K,,4C,H,O, 
requires K, 9:7%). 

These are the first recognised 6-covalent compounds of the alkali 
metals. If their formulation is correct, lithium cannot form an 
analogous compound, since its covalency is limited to 4; the salt 
can therefore only take up one molecule of the aldehyde for each* 
lithium atom. The lithium compound was made in the same way 
as those of sodium and potassium, and has very similar properties. 
Analysis showed that it has the expected composition (Found: 
Li, 2:7. C,,H,0,Li,,2C,H,O0, requires Li, 2-8%). 


We are indebted to Messrs. Brunner Mond and Co. for a grant from 
which part of the expenses of this research were met. 


Dyson Perrins LaBoraTory, OxFrorD. [Received, August Tth, 1925.] 


CCCXXV.—Siudies in the Configuration of aa’-Dibromo- 
dibasic Acids. Part IV. The aa'-Dibromoglutaric Acids. 


By Harry Raymonp Ine and Wiu11amM HENRY PHRKIN, jun. 


THE previous sections of this research dealt with the determination 
of the configurations of the ««’-dibromoadipic acids (J., 1921, 119, 
1393; 1924, 125, 1492) and of the ««’-dibromosuccinic acids (J., 
1924, 125, 1814). The present, communication contains the results 
of similar investigations with the ««’-dibromoglutaric acids. 

The dibromination of glutaric acid yields a mixture of two 
isomeric ««’-dibromoglutaric acids, one of which melts at 170° and 


- 
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the other at 142° (Ingold, J., 1921, 119, 312). The same two acids 
had previously been obtained by Thiele (Annalen, 1901, 314, 305) 
by the oxidation of the cis- and trans-forms of 1 : 4-dibromo- 
2: 3-dihydroxycyclopentane, the cis-form yielding the high-melting 
and the trans-form the low-melting acid; from this result Thiele 
concluded that the acid, m. p. 170°, was the meso-isomeride and the 
acid, m. p. 142°, the racemic acid. Ingold (loc. cit.) has brought 
forward evidence, based on the conversion of the dibromoglutaric 
acids into the corresponding vec natant haat acids, which supports 
Thiele’s conclusions. 

~ The ethyl esters of the ««’-dibromoglutaric acids are obtained as 
a liquid mixture of the meso- and dl-isomerides when the dibromin- 
ated glutaryl chloride is poured into ethyl alcohol, and this mixture 
cannot be separated into its components with certainty. One of 
the methyl esters, however, viz., that of the dibromoglutaric acid, 
m. p. 170°, melts at 45°, whereas that of the acid, m. p. 142°, is a 
liquid, so that these esters can be obtained separate. 

The dibromoglutaric esters were converted by heating with 
sodium iodide in alcohol into the corresponding di-iodo-esters. 
Methyl di-iodoglutarate was found to exist in a solid form, m. p. 75°, 
and a liquid form. 

It was thought possible that the condensation of ethyl aa’-di- 
bromoglutarate with 2 mols. of ethyl sodiomalonate might proceed 
in either or both of two ways, leading to a cyclobutane or to a 
cyclopropane ester. Thus trimethylene. dibromide with ethyl 
sodiomalonate yields cyclobutanedicarboxylic ester, but the 68-di- 
substituted ««’-dibromoglutaric esters which have been investigated 
yield only cyclopropane derivatives. ««’-Dibromo-8$-dimethyl- 
glutaric ester, CO,Kt-CHBr-CMe,-CHBr-CO,Et, was found by 
Perkin and Thorpe (J., 1901, 79, 729) to yield not the expected 
cyclobutane ester, but only the cyclopropanemalonic ester (I), which 
by the further action of sodium ethoxide gave rise to the yellow 
sodium derivative (II) of ethyl ketodimethylbicyclopentanetricarb- 
oxylate. Similar results were obtained by Ingold and Thorpe (J., 
1919, 115, 320) during the investigation of the action of ethyl 
sodiomalonate on ««’-dibromocyclohexane-1 : 1-diacetic ester. 


CH-CO,Et 0(CO,Et)-C-ONa 
Me,C Me,0 
<Q UCO sty CH(CO,Et), <i ((CO,Et)-C-CO, Et 
(IL.) 
H-CO H-CO,E Ses at 
-CH-CO,Et C t Sieg 
CH < 2 
SOBr CO, Et CH C0, Et)-CH(CO,Et), Ha Us Sie 
CH-CO,Et 


(III. (IV.) (V.) 
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The product of the condensation of ««’-dibromoglutaric ester 
with sodiomalonic ester might be either cyclopropane-1 : 2-dicarb- 
oxylic-1-malonic ester (IV), derived from the intermediate 1-bromo- 
cyclopropane-1 : 2-dicarboxylic ester (III), or cyclobutane-1 ; 2 : 2 : 3- 
tetracarboxylic ester (V). Actually both types of ring formation 
take place. The product of the condensation of ethyl dibromo- 
glutarate * with ethyl sodiomalonate in alcoholic solution consisted 
of unchanged ethyl malonate, ethyl bromocyclopropanedicarboxylate 
(III), and an oil of the composition C,,H,,0,. The bromocyclo- 
propane ester was identified by hydrolysis to 1-bromocyclopropane- 
_ 1 :2-dicarboxylic acid, m. p. 175°, first described by Ingold (loc. 
cit., p. 314). The oil C,,H,,0, was shown to be ethyl cyclobutane- 
tetracarboxylate (V) by the following facts : it did not yield a methyl 
derivative when digested with sodium ethoxide and methyl iodide 
and therefore did not contain a hydrogen atom replaceable by 
sodium; and on hydrolysis with hydrochloric acid it was converted 
into a mixture of the cis- and trans-forms of cyclobutane-1 : 2 : 3-tri- 
carboxylic acid, first obtained by Goldsworthy and Perkin (J., 
1914, 105, 2665). The yield of ethyl cyclobutanetetracarboxylate 
was not more than 40—50°% of the theoretical and the bromocyclo- 
propane ester represented only a small fraction of the original 
dibromo-ester. The red aqueous solution left after extraction of 
the oily product of the reaction contained the remainder of the 
product and on acidification it deposited a thick, red oil which could 
not be distilled owing to decomposition, but which on analysis gave 
figures corresponding to C,,H,,0,, which formula differs from that 
of the cyclobutane ester, C,,H,,0,, by C,H,O. It is difficult to see 
how the cyclobutane ester (V) could lose alcohol under the con- 
ditions of the experiment, but the cyclopropanemalonic ester (IV) 
might do so with the formation of the bridged-ring ester (VI), and 
although the ester of formula (IV) was not actually isolated, it 
seems probable that it would result from the action of sodiomalonic 
ester on the bromocyclopropane ester (III) and that it would easily 
lose alcohol under the conditions of the experiment with the form- 
ation of the ester (VI) and thus. escape isolation. . 

In order to test this view, ethyl bromocyclopropanedicarboxylate 
(III) was condensed with ethyl sodiomalonate. No cyclopropane- 
malonic ester (IV) was isolated, but the aqueous extract of the 
reaction product yielded on acidification a thick, red oil which, 
after purification by solution in alkali and reprecipitation, had the 
composition C,,H,,0, and was evidently identical with the substance 
described above. — 


* Unless otherwise stated, the ethyl and methyl dibromoglutarates used in 
these condensations were mixtures of the meso- and dl-isomerides. 
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This experiment was repeated, using methyl 1-bromocyclopropane- 
1 : 2-dicarboxylate and methyl] sodiomalonate, a pale yellow, crystal- 
line sodiwm derivative (VII) being obtained. This substance is 


C(CO,Et)-CO CH, < 10s Me)C-ONa zr) 
((CO,Et)-CH-CO,Et ((CO,Me)-C-CO,Me 


CO,Me): oe) 
C(CO,Me): CH: CO,Me 


(VI.) CH <u 
C( 
(VIII.) CH <i 


fairly soluble in water, the HOMtie solution giving a red colour 
with ferric chloride. When the aqueous solution is acidified, a 
solid is precipitated which after recrystallisation melts at 200°, has 
the composition C,,H,,0,, and in our view is most probably methyl 
ketobicyclopentanetricarboxylate (VIII). 

If this view is correct, this substance has a special importance, 
because it is the parent substance of ethyl ketodimethylbicyclo- 
pentanetricarboxylate discovered by Perkin and Thorpe (loc. cit.), 
which has been the subject of so much important investigation at 
the hands of Professors Thorpe and Ingold and their collaborators. 
The substance described by us is being submitted to a detailed 
examination in Professor Ingold’s laboratory. 

It is evident, therefore, that in the condensation of dibromo- 
glutaric ester with sodiomalonic ester two reactions take place 
simultaneously, the one leading to a cyclobutane and the other to 
a cyclopropane ester. In alcoholic solution these two reactions 
proceed to about equal extents, but in the absence of alcohol, 
é.g., in benzene solution, the cyclobutane ring formation pre- 
dominates, the yield of cyclobutane ester rising to 70—80% of the 
theoretical. 

Ethyl dibromoglutarate was also condensed with the sodium 
derivatives. of cyanoacetic, benzoylacetic, and acetoacetic esters. 
With ethyl sodiocyanoacetate in alcoholic solution, a 70°% yield 
of ethyl 2-cyanocyclobutane-1 : 2 : 3-tricarboxylate (IX) was obtained, 
together with a small amount of ethyl bromocyclopropanedicarb- 
oxylate. There was no evidence of the formation of a bridged-ring 
ester. ‘The cyanocyclobutane ester (IX) on hydrolysis gave a 
mixture of the cis- and trans-modifications of cyclobutane-I : 2:3- 
tricarboxylic acid. 

The condensation of dibromoglutaric ester with ethyl goad: 
benzoylacetate might give rise either to a benzoylcyclobutane 
ester (X) or to a six-membered heterocyclic ester (XI). Actually 
ethyl 2-benzoyleyclobutane-1 : 2: 3-tricarboxylate (X) is formed to 
the extent of 30° of the theoretical, as was shown by its hydrolysis 
to benzoic acid and cyclobutanetricarboxylic acid. The other 
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products of the reaction were unchanged ethyl benzoylacetate and 
ethyl bromocyclopropanedicarboxylate (III). 


CH-CO,Et | 
CH OR-CO, Et (IX, R=CN; X, R=COPh.) 
H-CO,Et 
CH(CO,Et):C-CO,Et : CH-CO,Et 
CHC SSoPh (XE) (XIN CH, C(CO_Ht)-COMe 
0H(CO,Et)-6 OH-CO,Et 


Similar results were obtained in an investigation of the action 
of dibromoglutaric ester on ethyl sodioacetoacetate, ethyl 2-aceto- 
cyclobutane-1 : 2 : 3-tricarboxylate (XII) being formed in about 30% 
yield. Attempts to hydrolyse the benzoyl- and acetyl-cyclobutane 
esters so as to obtain the corresponding acyl-cyclobutane acids were 
not successful, the acyl groups being removed by alcoholic potash 
even in the cold. 

The ethyl dibromoglutarate used in all the condensations de- 
scribed above was a mixture of the meso- and dl-isomerides and 
consequently it was important to discover whether ethyl cyclo- 
butanetetracarboxylate formed from it was also a mixture. That. 


_ this ester can exist as two stereoisomerides will be obvious from a 


consideration of the figures set out below, where X represents the 
ester group : ; 


H H 
O C 
TN: RAEN 
Pon beck Hy Tue aNd at 
Bey Hy ao 
x x 
i H # 
fs io GC 
ee Ht \f03H ae Hi Noe eo u Ht 
| HY Pe” Hit a? vane BT“ Cog 
H CO,H CO,H 


, 
3 


A 


(a) represents a non-resolvable meso-form which would on 
hydrolysis and loss of carbon dioxide yield either or both of the 
two possible meso-forms of cyclobutane-1 : 2 : 3-tricarboxylic acid 
(c and d). (b) represents a racemic form which on hydrolysis and 
loss of carbon dioxide could give rise only to the racemic form (e) 


5 
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of cyclobutanetricarboxylic acid. That the cyclobutane ester 
obtained in these condensations was actually a mixture of the 
two possible forms was made probable by the fact that two cyclo- 
butanetricarboxylic acids were obtained by its hydrolysis, and it 
was confirmed by employing methyl dibromoglutarate with methyl 


sodiomalonate; two forms of methyl cyclobutanetetracarboxylate — 


were then obtained, one a solid, m. p. 78°, and the other a liquid, 
b. p. 193—195°/15 mm. In the same way with methyl sodio- 
cyanoacetate, two forms of methyl cyanocyclobutanetricarboxylate 
were obtained, one a solid, m. p. 111—112°, and the other a liquid, 
b. p. 195°/11 mm. 

The meso- and dl-isomerides of methyl dibromoglutarate can be 
obtained separately in the pure state, since one of them is a solid (see 
p- 2393), so that-it was important to discover whether each of the pure 
isomerides gave only one cyclobutane ester or a mixture of the two 


possible forms. The pure solid and liquid forms of methyl dibromo- — 


glutarate were separately condensed in benzene solution with methyl 
sodiomalonate and in each case a mixture of the two modifications 
of methyl cyclobutanetetracarboxylate was obtained. Similarly 
with methyl sodiocyanoacetate in alcoholic solution, a mixture of 
the two forms of methyl cyanocyclobutanetricarboxylate was ob- 
tained from both the solid and the liquid form of methyl dibromo- 
glutarate. Consequently no conclusion can be drawn from these 
condensations as to the configuration of the dibromoglutaric acids 
corresponding to these esters. 


Moreover it was found that the liquid methyl dibromoglutarate 


was readily transformed into the solid isomeride by sodium meth- 
oxide in methyl-alcoholic solution. This trangformation is analogous 
to that which occurs with the ««’'-dibromo- and ««’-di-iodo-adipic 
esters (compare Part II, J., 1924, 125, 1945). The transformation 
did not appear to be quantitative, but as methyl dibromoglutarate 
reacts very readily with sodium methoxide with loss of hydrogen 
bromide even at low temperatures, it was difficult to be certain 
on this point. The liquid modification of methyl di-iodoglutarate 
was also largely transformed by sodium methoxide in methyl- 
alcoholic solution into the solid isomeride; but part of the di-iodo- 
ester was converted into the iodocyclopropane ester, which on 
hydrolysis gave 1-iodocyclopropane-1 : 2-dicarboxylic acid, m. p. 
175—176°. 


Of the two forms of methyl cyclobutanetetracarboxylate, it is” 
probable that the liquid form corresponds to the meso-configuration | 


(a) and the solid to the racemic configuration (b) (p. 2391). The 
two esters were separately hydrolysed under identical conditions. 
The cyclobutanetricarboxylic acid obtained from the solid ester 
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melted at 171—172° and is therefore identical with the acid termed 
trans by Goldsworthy and Perkin (loc. cit.). The acid obtained 
from the liquid ester melted at 144—145° and is consequently 
identical with the acid named cis by these authors. It seems 
probable that the high-melting acid has the trans or racemic con- 
figuration (e) and that the low-melting acid has one of the cis- 
or meso-configurations (c and d). . 

An attempt was made to settle the configuration of the acid, 
-m. p. 171—172°, by resolution into optical enantiomorphs, but 
unexpected difficulty was encountered. After six recrystallisations 
of the brucine salt of this acid, only a very slightly dextrorotatory 
acid was obtained. A second attempt with quinine as the active 
base was more successful, an acid of [«]}* 31-34° being obtained, 
but the pure d-cyclobutanetricarboxylic acid has not yet been 
isolated. Sufficient evidence, however, has been obtained to indi- 
cate that the high-melting acid has the dl-configuration (e). It 
is hoped to investigate further the configurations of the cyclo- 
_ butanetricarboxylic acids. 


EXPERIMENTAL. 


. The a«'-Dibromoglutaric Hsters—The methyl and ethyl esters of 
the ««’-dibromoglutaric acids: were prepared from glutaric acid by 
Ingold’s method (J., 1921, 119, 316), mixtures of the meso- and 
dl-isomerides being obtained. Ethyl ««’-dibromoglutarate distilled 
at 162°/14 mm. (Found: Br, 46-4. Calc., Br, 46-29%), and the 
methyl ester at 150°/14 mm. (Found: Br, 50-2. Calc., Br, 50:3%). 
The methyl ester of the meso-dibromoglutaric acid, m. p. 170°, 
was obtained by boiling the pure acid in methyl alcohol containing 
10% of its weight of sulphuric acid. After being distilled under 
reduced pressure, this ester solidified and was recrystallised from 
‘methyl alcohol. Methyl meso-««'-dibromoglutarate so obtained melts 
at 45° (Found: Br, 50-5. C,H,,0,Br, requires Br, 50:3%). 
The methyl ester of the di-dibromoglutaric acid, m. p. 142°, 
obtained in a similar manner was an oil, b. p. 143—145°/10 mm. 
The ««'-Di-iodoglutaric Esters—Methyl dibromoglutarate was 
heated in methyl-alcoholic solution with sodium iodide, and the 
product poured into ice-water. The semi-solid mass so obtained 
was filtered and the solid recrystallised three times from methyl 
alcohol. Methyl ««'-di-iodoglutarate crystallises in prisms, m. p. 7 5° 
(Found: I, 61-8. C,H,,0,1, requires I, 616%). 
The oil left after filtering off the solid ester was extracted with 
ether, the ether solution washed with sodium thiosulphate solution 
to remove free iodine, then with water and finally dried with sodium 
sulphate. After evaporation of the ether a pale yellow oil was 
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left which showed no sign of crystallisation at — 20° (Found: 
I, 61-99%). This liquid methyl di-iodoglutarate gradually turns brown 
owing to the liberation of free iodine and is slowly transformed 
into the stable solid isomeride. It cannot be distilled without 
extensive decomposition. 

Action of Sodiwm Methoxide on the Dibromo- and Di-todo-glutaric 
Esters.—Liquid methyl dibromoglutarate (7 g.), dissolved in methyl 
alcohol (10 c.c.), was treated with a solution of sodium (0-25 g.) 
in methyl alcohol (10 c.c.); after 10 minutes, 5 g. of the solid ester 
had crystallised. With a larger proportion of sodium methoxide, 
sodium bromide is precipitated and methyl bromocyclopropane- — 
dicarboxylate formed. 

Liquid methyl di-iodoglutarate was treated in a similar manner. 
A small proportion of the solid isomeride crystallised, but the 
di-iodo-ester reacted readily with sodium methoxide with the . 
formation of an iodocyclopropane ester and sodium iodide even at 
— 20°. 

At the ordinary temperature methyl di- iodoatiteeann is rapidly 
converted by sodium methoxide into methyl iodocyclopropane- 
dicarboxylate, which on hydrolysis with hydrochloric acid yields 
l-iodocyclopropane-1 : 2-dicarboxylic acid. This acid is readily 
soluble in water but can be recrystallised from hydrochloric acid ; 
it melts at 176—177° (Found: OC, 23-6; H, 1-9; I, 49-8. C,;H,O,1 
requires C, 23-4; H, 1-9; I, 49-6%). 

Condensation of the aa'-Dibromoglutaric Esters with Sodio- 

— malonic Ester—Sodium (5 g.) was dissolved in alcohol (80 c.c.), 
treated with ethyl malonate (36 g.), the whole cooled in ice, and 
ethyl dibromoglutarate (88 g.) added slowly. After standing for 
an hour, the mixture was boiled on the steam-bath for an hour. 
The product was poured into water, the oil extracted with ether 
and, after evaporation of the ether, fractionated under 12 mm. 
The following fractions were obtained: (1) below 110°; (2) 110— 
170°; (3) 190—200°. Fraction (1) consisted of unchanged ethyl 
malonate; fraction (2) was hydrolysed with hydrochloric acid, and 
the acid obtained recrystallised from acetone—benzene. It was 
identified as 1-bromocyclopropane-1 : 2-dicarboxylic acid, m. p. 175° 
(Ingold, loc. cit.) (Found: C, 28-6; H, 2:4; Br, 38-2. Calc., C, 
28-7; H, 2:4; Br, 38-2%); when treated with aniline in otha 
it gave a characteristic salt, m. p. 182°. Fraction (3) was redis- 
tilled and obtained as an oil, b. p. 195—198°/12 mm., which proved | 
to be ethyl cyclobutane-1 : 2: 2 : 3-tetracarboxylate (V) (Found: C, 
56:0; H, 7-1. C,gH.,0, requires C, 55:8; H, 7-0%); the yield 
was about 50% of the original dibromoglutaric ester. | 
The aqueous solution obtained after extracting the oil with 
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ether was acidified, the red oil formed extracted with ether, and the 
ether solution washed with water and dried with calcium chloride. 


The oil left after evaporation of the ether could not be distilled 


without decomposition, but after remaining in a vacuum over 
sulphuric acid for some time it had the composition C,,H,;0, 
(Found: ©, 55-7; H, 6-2. Calc., C, 56-4; H, 6-0%). It is con- 
sidered to be a bridged-ring ester of constitution (VI). A thick red 
oil of identical composition and character was obtained by the 


following condensation: sodium (2-5 g.) was dissolved in alcohol 


(50 c.c.), treated with ethyl malonate (18 g.) and with ethyl bromo- 
cyclopropanedicarboxylate (29 g.), the mixture boiled on the steam- 
bath for an hour and then poured into water. No cyclopropane- 
malonic ester was found, but on acidifying the aqueous solution 
the bridged-ring ester was precipitated. 

In order to discover whether one or two cyclobutane esters were 
formed in the condensation of dibromoglutaric ester with malonie 
ester the condensation was repeated with the methyl esters. The 
reaction product was separated into unchanged methyl malonate, 
methyl bromocyclopropanedicarboxylate, and methyl cyclobutane- 
tetracarboxylate, which distilled at 193—195°/15 mm. and partly 
solidified in a freezing mixture. The semi-solid mass was pressed 
on porous plate, and the dry solid so obtained recrystallised from 
aqueous methyl alcohol. Solid methyl cyclobutane-1 : 2 : 2 : 3-tetra- 
carboxylate crystallised in needles, m. p. 78° (Found: C, 50-0; 


4H, 5-6. C,,H,,0, requires C, 50-0; H, 5-6%). The oil was ex- 
_ tracted from the porous plate with ether and, after evaporation of 


the ether, distilled. Liquid methyl cyclobutane-1 : 2: 2 : 3-tetra- 
carboxylate distilled at 193—195°/15 mm. and showed, no sign of 
crystallisation at — 20° (Found: C, 50-2; H, 55%). The total 
yield of methyl cyclobutane ester was about 30%. 

This condensation was also performed in dry benzene solution. 


Sodium (5 g.) was finely powdered under benzene, treated with 


methyl malonate (29 g.), and the whole heated on the steam-bath 
until the sodium had disappeared. Methyl dibromoglutarate 
(34 g.) was added, and the mixture boiled for 2 hours. The product 
was washed with water, the benzene distilled off, and the residual 
oil fractionated, a 70—80°, yield of cyclobutane ester being thus 
obtained. 7 

The pure meso- and dl-isomerides of methyl dibromoglutarate 
were separately condensed in benzene solution with methyl malonate 
and in both cases a mixture of the solid and liquid forms of methyl 


cyclobutanetetracarboxylate was obtained. 


Synthesis of the Bridged-ring Sodiwm Derivative (VIIT).—Metbyl 


‘dibromoglutarate was treated in methyl alcohol with sodium 


=> 
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methoxide, the product poured into water, the oil extracted with 
ether, and the crude ester fractionated, methyl 1-bromocyclo- 
propane-1 : 2-dicarboxylate distilling at 134—135°/15 mm. (Found : 
Br, 33-5. C,H,O,Br requires Br, 33-7%). 

Sodium (6-5 g.) was dissolved in methyl alcohol (80 c.c.), mixed 
with methyl malonate (19 g.) and methyl bromocyclopropanedi- 
carboxylate (33 g.), and the whole boiled on the steam-bath for 
6 hours. The yellow solid formed was filtered off, stirred with a 
little water to remove sodium bromide, and again filtered. The 
sodium derivative was recrystallised from methyl alcohol, in which 
it was sparingly soluble (Found: Na, 8-0. C,,H,,0,Na requires 
Na, 8-3%). | | 

The aqueous solution of the sodium derivative was acidified, 
and the precipitated solid purified by solution in ammonia and 
reprecipitation. It was recrystallised from chloroform—carbon . 
tetrachloride and finally from aqueous methyl alcohol. The sub- 
stance melted at 200° and is provisionally represented by formula 
(VIII) (Found: C, 51-5; H, 5:0. C,,H,,0, requires C, 51-5; 
H, 4:7%). : 

Condensation of the a«'-Dibromoglutaric Esters with Sodvocyano- 
acetic Ester.—Sodium (5 g.) was dissolved in alcohol, treated with 
ethyl cyanoacetate (25 g.), and to the cold mixture ethyl dibromo- 
glutarate (38 g.) was added. The mixture was boiled on the steam- 
bath for 2 hours, poured into water, and the oil extracted with 
ether. No oil was formed on acidifying the aqueous solution. 
After evaporation of the ether, the residual oil was distilled under 
20 mm. and the following fractions were obtained : (1) below 120°, 
mainly ethyl cyanoacetate; (2) 120—190°, a few drops ee, 
(3) 190—220°. Fraction (3) was redistilled and 23 g. of ethyl 

2-cyanocyclobutane-1 : 2 : 3-tricarboxylate (IX), b. p. 210—215°/20 
mm., were obtained (Found: N, 4:3. C,,H,0,N requires N, 
4. 79/,), 

The cyano-ester was hydrolysed iby cold alcoholic potash to the 
tripotassium salt of an amide-acid (Found: K, 34:5. C,H,O,NK; 
requires K, 34:0%). Hydrolysis with hydrochloric aiid fyieldem 
cyclobutanetricarboxylic acid. 

The pure solid and liquid forms of methyl dibr omoglutarate were 
separately condensed with methyl sodiocyanoacetate, and in both 
cases a mixture of a solid and a liquid form of methyl cyanocyclo- 
butanetricarboxylate was obtained, the total yield being about 60% 
of the theoretical. Solid methyl 2-cyanocyclobutane-1 : 2 : 3-tricarb- 
oxylate crystallises from ether in prisms, m. p. 111—112° (Found: 
N, 5-5. (©,,H,,0,N requires N, 5:5%). The liquid isomeride 
distils at 185—190°/12 mm. (Found: N, 5-8%). The proportion : 
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of solid to liquid isomeride formed from the solid methyl dibromo- 
glutarate was 1: 2, and from the liquid dibromo-ester 1 : 3. 
Condensation of Hihyl a«'-Dibromoglutarate with Ethyl Sodio- 
_benzoylacetate—Sodium (5 g.) was dissolved in alcohol, treated 
with ethyl benzoylacetate (41 g.), the mixture cooled in ice, and 
ethyl dibromoglutarate (37 g.) added. The reaction mixture was 
boiled on the steam-bath for 6 hours, the product poured into water, 
the oil extracted with ether and, after evaporation of the ether, 
fractionated. The following fractions were obtained : (1) below 
150°, 10 g.; this consisted almost entirely of ethyl bromocyclo- 
propanedicarboxylate (yield about 40% of the dibromo-ester used). 
(2) 150—220°; this: consisted of unchanged ethyl benzoylacetate. 
(3) 230—240°, 12 g.; this proved to be ethyl 2-benzoylcyclobutane- 

1:2: 3-tricarboxylate (Found: C, 64:4; H, 6-4. CyoH,,0, requires 
C, 63:8; H, 64%); yield about 30° of the original dibromo- 
ester. . 

The ester was hydrolysed by boiling with alcoholic potash. Water 
was added, the alcohol evaporated, the solution acidified, and the 
oily solid so formed extracted with ether, which removed benzoic 
acid (m. p. 121°). The aqueous solution was evaporated to dryness 
with hydrochloric acid, and the residue extracted with ether in a 
Soxhlet apparatus. The ether was evaporated, the residual syrup 
taken up with water, the solution filtered and left in a vacuum 
‘over sulphuric acid; cis-cyclobutanetricarboxylic acid, m. p. 143°, 
slowly crystallised. 

Condensation of Ethyl ««'-Dibromoglutarate with Ethyl Sodioaceto- 
acetate.—This condensation was performed in an exactly similar 
manner to that described above. The main products of the reaction 
were ethyl bromocyclopropanedicarboxylate (40°, of theoretical) 
and ethyl 2-acetylcyclobutane-1 : 2 : 3-tricarboxylate (30°/ of theor- 
etical), b. p. 195°/18 mm. (Found: C, 56:8; H, 7:1. C,;H,,0, 
requires C, 57-3; H, 7-0%). The ester was hydrolysed in the usual 
way with alcoholic potash and cis-cyclobutanetricarboxylic acid, 
m. p. 143°, was obtained. 

The cycloButane-1 : 2 : 3-tricarboxylic Acids.—When ethyl cyclo- 
butanetetracarboxylate was hydrolysed by boiling with hydrochloric 
acid, a mixture of two cyclobutanetricarboxylic acids was obtained, 
which was difficult to separate into its components. The mixture, 
which began to melt at 135° but was not completely molten until 
160°, contained cis-cyclobutane-1 : 2 : 3-tricarboxylic acid, m. p. 
143°, and trans-cyclobutane-1 : 2 : 3-tricarboxylic acid, m. p. 172° 
(Goldsworthy and Perkin, J., 1914, 105, 2665). 

The solid and liquid forms of methyl cyclobutanetetracarboxylate 
Were separately hydrolysed in an identical manner. Each ester 


» 


% 


j 
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was kept with methyl-alcoholic potash for several days, water was 
then added, and the alcohol evaporated. The solution was neutral- 
ised with dilute nitric acid, and the lead salt precipitated with lead 
nitrate. The lead salt suspended in water was decomposed with 
hydrogen sulphide, and the filtered solution evaporated. In each 
case a clear syrup was obtained which showed no sign of crystal- 
lisation. It was heated at 150° until no more carbon dioxide was 
evolved: the residue was dissolved in hot water and left in a 
desiccator to crystallise. The acid obtained from the solid ester 
solidified completely and was recrystallised from hydrochloric acid ; 
it melted at 171—172° and was therefore trans-cyclobutane-1 : 2 : 3- 
tricarboxylic acid (Found: C, 44:5; H, 4:3. Calc., C, 44:7; H, 
42%). 

The acid obtained from the liquid cyclobutane ester deposited 
first a small amount of the trans-acid, but the residual syrup even- 
tually solidified and after recrystallisation from hydrochloric acid ° 
melted at 144—145°. It was therefore cis-cyclobutane-1 : 2 : 3-tri- 
carboxylic acid (Found: C, 44-5; H, 41%). 

Resolution of trans-cycloButane-1: 2: 3-tricarboxylic Acid.—The 
tricarboxylic acid (15 g.) was dissolved in hot water (360 c.c.), 
mixed with brucine (113 g.), the whole heated on the steam-bath, 
the excess of brucine filtered off, and the filtrate allowed to cool. | 
The brucine salt which separated was recrystallised a number of 
times from water; the rotation was observed each time in a 2-dem. 
tube, the amount of substance taken being made up to 20 c.c. 
with methyl alcohol. 


i 2 3 + 5 6 
G. of salt 0-2406 0-1120 0-1308 0-1150 0-1034 0-1232 
a obs. — 1-16° —0-41° —0-47° —0Q-41° —0-37° —0-44° 
[a]}i® —38-3° —36-6° —35-9° —35-6° —35-8° —36-1° 


The rotations of the different fractions did not seem to approach 
a constant value. The last fraction was therefore decomposed 
with ammonia, and the filtrate from the precipitated brucine evapor- 
ated to dryness with a slight excess of hydrochloric acid. ‘The 
residue was extracted with cold acetone; after evaporation of the 
acetone, a solid acid, m. p. 165—170°, was obtained which was 
only slightly dextrorotatory (0-1070 g. made up to 20 c.c. with 
water gave « = + 0-04° in a 2-dem. tube at 18°; whence [«]> = 
+ 3-7°). | 

In a second attempt, the acid (1 mol.) was mixed with quinine 
(2 mols.) dissolved in alcohol; after standing for an hour, the salt 
which had separated was collected and decomposed with ammonia. 
The acid so obtained was then treated in a similar manner. The 
salt’ formed had the composition C,H,O4,2C.9H,O,N,,C,H,9 
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(Found: C, 66-9; H, 6-9; N, 6-3. CyyH 50 ,9N, requires C, 66-7; 
_H, 7-0; N, 6-3%). After three operations, an acid was obtained, 
m. p. 155—160°, of which 0-1340 g. made up to 20 ¢.c. with water 
gave a = + 0-42°; whence [«]}* = + 31-34°. Owing to the small 
amount of acid available, it was not possible to proceed further 
with the resolution, but sufficient evidence has been obtained that 
the trans-cyclobutanetricarboxylic acid, m. p. 172°, has the dl-con- 
figuration. 


One of us (H. R. L.) wishes gratefully to acknowledge the receipt 
of a grant from the Chemical Society Research Fund which has 
defrayed a part of the cost of this investigation. 


THr Dyson Prerrins LABORATORY, 
OxForRD. [Received, August 5th, 1925.] 


CCCXXVI.—The Catalysis by Alumina of the Reaction 
between Hthyl Alcohol and Ammonia. 


By Gorpon Wrii1aAmM DorRELL. 


PREvIous work on this reaction has been mainly qualitative 
(Sabatier and Mailhe, Compt. rend., 1909, 148, 898: 1910, 150, . 
823; 1911, 153, 160, 1204), but some quantitative results have 
been given by Smolenski (Roczniki Chem., 1921, 1, 232). In a 
paper published after the present work was finished, Brown and 
Reid (J. Physical Chem., 1924, 28, 1067 ) state that specially pre- 
pared silica gel is the most efficient catalyst for converting aliphatic 
alcohols into amines; they give no results for the conversion with 
alumina as catalyst. 

The object of this research was to study the effect of varying 
such factors as temperature, time of contact, and the ratio of 
alcohol to ammonia. Throughout, the catalyst was to be the 
Same; and alumina was finally chosen in preference to other well- 
known aminating catalysts, e.g., thoria, because it has scarcely any 
dehydrogenating action upon alcohol. 

Theoretical treatment by the Nernst equation shows that the 
reaction: C,H,-OH + NH, = C,H,-NH, + H,O (where the form- 
ation of secondary and tertiary amines is ignored) is exothermic to 
the extent of 5920 calories, and that the amount of conversion in 
the system in equilibrium, although greater at low temperatures 
than at high, does not vary rapidly with temperature. 

Apparatus and Method —Ammonia from a cylinder (Fig. 1) was 
passed through two ammoniacal solutions of potassium permangan- 
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ate, a solution of silver sulphate, and one of caustic potash. It 
was then dried by soda-lime, and its rate of flow measured. 

Nitrogen * from a cylinder was passed through a second flow- 
meter, dried by calcium chloride, and allowed to bubble through 
absolute ethyl alcohol (dried by potassium carbonate and distilled), 
immersed in a thermostat. The quantity of alcohol evaporated 
was determined by its temperature and by the rate of flow of the 
nitrogen. By electrical heating, the emerging nitrogen—alcohol 
mixture was kept at a temperature ‘sufficiently high to prevent 
condensation of the alcohol in the connecting tubes. 


mG), Ag.S0, KOH Soca tine! ; 
eae ¥ 


) 
The ammonia, nitrogen, and alcohol were allowed to mix and | 
were preheated in a bulb filled with pieces of glass tube, before 
entering a second bulb containing the catalyst. Both bulbs were | 
immersed in the same bath of solder, and the temperature of the | 
catalyst was taken as that registered by a mercury thermometer | 
(calibrated against standard thermometers) the bulb of which was 
situated between the preheater and the catalyst bulb. 

The smaller diagram shows a modified form of the apparatus | 
used in the later part of the work. By means of a second bubbler | 
containing alcohol it was possible to avoid interruption in the flow | 
of alcohol and ammonia over the. catalyst while the products of | 
the preceding experiment were being removed for analysis. In 


* No difference was detected in the results of those experiments where the 
nitrogen had been passed over heated copper gauze. 


REACTION BETWEEN ETHYL ALCOHOL AND AMMONIA. 2401 


addition, the preliminary sweeping through the apparatus with 
ammonia and the final washing out with nitrogen which had to be 
done in the first part of the work were eliminated, and a much 
simpler technique was evolved. | 

The Catalyst—Only one sample of alumina was used, which is 
referred to as Al,O,-1. It was prepared by adding excess of 
ammonia, d 0-880, to a strong solution of aluminium nitrate, washing 


the precipitate, and drying it in stages at 100°, 160°, and 400°, 


after which it was broken into fragments about 4 mm. in diameter ; 
these were filled into the bulb so that the catalyst, which weighed 
about 25 g., occupied a volume of 50 c.c. 

Analysis—The amount of alcohol used was determined by 
weighing the bubbler before and after the experiment. A sufficiently 
approximate value of the quantity of nitrogen was obtained from 
flowmeter—time observations. The quantity of ammonia passed 
(correct to 1—6°%, depending upon the rate of flow of the gas) was 
determined directly from flowmeter—time observations; for very 
small gas velocities, e.g., 3 c.c. per minute, this value was subject 
to the larger error. A more accurate value could be obtained 
from a knowledge of the amount of basic nitrogen absorbed in 
standard acid (see below); since no ammonia decomposes into 
nitrogen and hydrogen, and a negligible quantity of non-basic 
substances is produced, under the given conditions, from the decom- 
position of amines, the quantity of ammonia used must be equivalent 
to the amount of basic nitrogen absorbed in acid. 

No separate analysis of each. of the primary, secondary, and 
tertiary amines produced was made, but the three were estimated 
together, as “‘amines”’ or “‘ ammonia converted,’ by Weber and 
Wilson’s method (J. Biol. Chem., 1918, 35, 385), in which the 
solution of amines and ammonia is treated with yellow mercuric 
oxide, whereby ammonia is quantitatively removed. The amines 
were distilled from the alkaline filtrate from the mercuric oxide 
into standard acid, the excess of which was then estimated. The 
results obtained from several blank analyses with the most satis- 
factory mercuric oxide indicated that the probable error in the 
final conversion value was 0-5%. 

Expression of the Results —The percentage conversion of ammonia 
into amines,* %H, is given by the expression Mols. of amines 
absorbed x 106/mols. of ammonia used. The symbol %p denotes 
the percentage conversion in the particular case where the molecular 
ratio of ammonia to alcohol is unity; it is calculated from the 


equation %H) = %H/R, where R = mols. of alcohol used/mols. 


* No figures for the amount of conversion of alcohol into amines have been 


' given. 


‘ 
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of ammonia used. For example, in a series of experiments it was 
desired to keep the molecular ratio of alcohol to ammonia equal to 
1:0; but experimentally this is difficult. Actually the ratio varied 
between 0-7 and 1:2. However, by dividing such a diverging 
molecular ratio into the corresponding %H, the true value of the 
latter for a molecular ratio of unity is obtained. The results given 
later (Fig. 3) show that the correction just discussed is valid when 
the molecular ratio of alcohol to ammonia lies between 0-6 and 1-2. 

Effect of Temperature —The effect of varying the temperature on 
the amount of ammonia converted is shown in Table I. 


TABLE I. 


Ratio C,H;-OH: NH, = 1-0. 
Mean rate of flow of NH, = 9:2 c.c. (at N.T.P.) per min. 
Mean rate of flow of N, = 50 ¢.c. (at N.T.P.) per min. 


Temp. of catalyst bath. No. of expts. %E,. Mean. 
344° 9 11-5 
293 a 15-3 
239 3 9-3 


Since the quantity of ammonia (or alcohol) passing over the 
catalyst in a given time is the same for all three temperatures, its 
time of contact with the catalytic surface at 344° is different from 
that at 239°; actually, the times of contact of 1 mol. of ammonia 
at 239° and 344°, respectively, are in the ratio 1-2: 1. A correction 
for this factor, if it were possible to apply it, would not affect the 
values of 94H to any serious extent. : 

The important result of this table is that the optimum temperature 
of the reaction under the given conditions is about 300°. 

Effect of Rate of Flow of the Reacting Gases.—The curve in Fig. 2 
illustrates the results obtained in experiments at 344° in which the 
molecular ratio of alcohol to ammonia was 1-0 and the speed of 
the ammonia varied from 2 to 32 c.c. (N.T.P.) per minute. The 
rates of flow of the alcohol vapour and nitrogen were varied so 
that the partial pressure of the latter was always 5-6 times that of 
the former (or of the ammonia). The finer particles of the catalyst 
were carried away by the gases when the speed of the ammonia 
exceeded 32 c.c. per minute, and therefore the curve could not be 
followed experimentally up to its maximum. 

Contrary to the usual experience that increased time of contact 
means increased amount of reaction product owing to the state of 
equilibrium being approached, this curve shows that the conversion 


of the ammonia falls off rapidly when the speed of the reacting © 


gases diminishes, especially when the speed of the ammonia is less |, 
than 5 c.c. per minute. It will be shown later that the most | 


probable cause of this is the decomposition of the amine itself. 
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Effect of Varying Relative Quantities of Alcohol and Ammonia.— 
The curve in Fig. 3, plotted from the results of experiments at 344° 
in which the speeds of the ammonia and nitrogen were 9-4 and 


Fie. 2. 


20 


15 


15 “20 35 
Speed of ammonia in c.c. (N.T.P.) per minute. 


30 35 


50 ¢.c. per minute, respectively, shows the relation between YH 
and the molecular ratio C,H;-OH:NH;. It is practically linear 
where this ratio lies between 0-6 and 1-2; but its slope decreases 


Fa. 3. 


0 1 2 3 es 5 
Molecular ratio of alcohol to ammonia. 


as the ratio increases, from which it is evident that the effect of 
Using excess of alcohol is the production of larger quantities of 
Secondary and tertiary amines, because the amount of ammonia 
‘Converted per mol. of alcohol is proportionately small at large 
4 4L2 
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molecular ratios, owing to one mol. of ammonia tending to react 
with more than one of alcohol. 

The increase in activity of the catalyst indicated by the curve 
will be discussed later. . 

Decomposition of Ethylamine.—Sabatier and Gaudion (Compt. 
rend., 1917, 465, 222, 310), working with a nickel catalyst at 300°, 
were unable to decompose ethylamine into hydrogen and aceto- 
nitrile because it broke down so readily into ammonia and ethylene. 


Upson and Sands (J. Amer. Chem. Soc., 1922, 44, 2306) found that — 


its decomposition, in presence of a kaolin catalyst, into ethylene 
and ammonia is favoured by low temperature; it can be assumed 
that below 500° the products are ammonia and ethylene only. 
Ethylamine * was evaporated from an aqueous solution by means 
of a stream of nitrogen, and the mixed gases were passed over the 


Al,O,-1 catalyst at 344°. The mean speed of the nitrogen was | 


7 c.c. (at N.T.P.) per minute, and of the ethylamine 3 c.c. per 
minute (calce.); the duration of the experiment was 130 minutes. 
The products were led through standard acid, and the unabsorbed 
gases collected, by aspiration, over mercury. The quantities of 
ammonia and amines in the acid were estimated and allowance 
was made for the amount of ammonia present in the original ethyl- 
amine. The unabsorbed gases were analysed for ethylene. ‘The 
percentage decompositions of the ethylamine calculated from the 
quantities of ammonia and ethylene produced were respectively 
60 and 33. 


These two values should be equal if ethylamine decomposes 
thus: C,H,-NH, = C,H, + NH;. However, the smaller result 


alone is sufficiently large to account for the falling off in the values — 


of °4E, when the speeds of the gases are small (Fig. 2). 
Action of the Alumina Catalyst on Ammonia.—Certain irregularities 
were observed in the first two experiments (Nos. 1 and 2 in Table IT) 


«1 connexion with the amount of ammonia passing over the catalyst ;_ 


as measured by titration of the absorbing acid, there was apparently 


-a loss of ammonia. The explanation first conceived, that some of : 


the ammonia was being decomposed into nitrogen and hydrogen, | 
was finally disposed of by carrying out a special gas analysis of the 
products obtained when ammonia and nitrogen alone were passed | 
over the catalyst; no decomposition was detected. 

The loss was finally found to be due to the adsorption of ammonia 
by the fresh alumina catalyst. In Table II are the results obtained 
with a second catalyst, which consisted of 13:5 g. of fresh alumina 


* Ag the ethylamine contained a small quantity of ammonia, for which an 
approximate correction was made, the result can be regarded as qualitative 
only. ; 
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prepared in a similar way to Al,O,-1.. This was kept at 344°, and 
nitrogen and ammonia were led over it at definite rates. The 
emerging gases were passed for a definite time (¢) through standard 
acid; and the amount of ammonia present (v’) was determined by 
back titration. The quantity of ammonia (v) entering the catalyst 
chamber during the same time was determined from flowmeter 
time observations. The amount of ammonia adsorbed by the 
alumina is the difference v — v’. The absorption acid was changed 
- after each time interval (col. 1). 


TABLE II. 


Speed of NH, = 9—10 c.c. (at N.7'.P.) per min. (equiv. to 246°3 c.c. of N/10- 
acid per hour). Speed of N, = 50 c.c. (at N.7. P.) per min. 

t= time in mins. from start of flow of NH, over Al,O;. v and v’ are expressed 
as c.c. of N/10-acid. 


2 Uv. v’. v—v’,. 
5 20:°5 0-1 20-4 
15 61:6 9-5 52-1 
35 143-7 78°3 65-4 
55 225-7 146-9 78:8 
105 431:0 340-5 90:5 


If a curve is drawn, the figures of column 4 being plotted against 
those of column 1, it will be seen that the adsorption of the ammonia 
is approaching its maximum value after a period of 105 minutes. 

The Catalyst Al,O,-1.—After the preceding experiment had been 
made, the original catalyst was examined. Its colour had changed 
from white to buif; and some fragments were black throughout, 
showing that the reacting gases must have penetrated right into 
the granules. 

Catalytic poisoning was entirely absent, for the mean %Hp of 
experiments 3—6 is 11-4 and of experiments 19—23, 11-6 (Table III). 

The increase in activity of the catalyst referred to in connexion 
with the curve (Fig. 3) does not affect the general results to any 
serious extent. Immediately before this particular series of experi- 
ments was made, the catalyst had been (1) accidentally shaken, 
(2) thoroughly saturated with ethylamine vapour during the work 
on the decomposition of this substance. It is quite possible that 
its activity would change as a result of such treatment. Pease and 
Yung (J. Amer. Chem. Soc., 1924, 46, 390) found that alumina 
which had been used in the catalytic decomposition of ether appeared 
to be activated with respect to alcohol, and the yield of ethylene 
was nearly doubled. 

Experimental Results in Detail—tIn Table III are the more 
important data appertaining to the experiments; these were carried 

out in the order given. 


expt. catalyst. (N.7.P.). 
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TaBLeE IIT. 
Speed of 
N, in Duration 
c.c./min. of expt. 
CNT? je 8 enn 
50 31-5 
A 32 
2 60 
7 40 
Ne 50 
99 70 
50 45 
” 50 
oS 40 
50 40 
i 50 
Ly 60 
17 60 
2? 45 
20 60 
i 70 
50 40 
100 30 
25 40 
> 60 
20 330 
160 30 
48 50 
ys 60 
50 50 
2” 45 
48 60 
i 50 
50 60 
ik 40 
y 30 
of 60 
a 30 
iy 40 
bed 30 


Ratio of 
alcohol 
to 
ammonia. 
1:60 
0-89 
0-76 
1:06 
0-91 
0-94 
0:99 
0:95 
1-14 
1:06 
1:33 
0-94 
0:95 
0-57 
0:58 
0:97 
0-65 
0-70 
0:92 
0:87 
0:87 
0-85 
1-13 
0:93 
0:93 
0:93 
0-74 
0:73 
0:70 
9-75 
0-87 
0°87 
0:90 
0:94 
1-00 
1-61 
1:38 
0:97 
1-06 
1-02 
0-82 
0:70 
0:96 
0-68 
0-96 
0-75 
0:67 
0-64. 
2-30 
1-79 
1-64 
3°10 
4-69 
4:13 
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Summary. 


_ The catalysis by alumina of the reaction between alcohol and 
ammonia has been studied from the point of view of the quantity 
of ammonia converted into amine. 

The effects of varying (a) the temperature, (b) the speed of the 
reacting gases, (c) the ratio of alcohol to ammonia have been 
determined. 

The decomposition of ethylamine itself has been found to occur 
under the conditions obtaining in the main reaction; ammonia is 
not decomposed to any measurable extent by the catalyst. 

Alumina adsorbs ammonia readily, and a table is given showing 
the relation between the amount of ammonia adsorbed and the 
time of flow of the ammonia over the catalyst. 

No sign of catalytic poisoning could be detected. 


The author desires to express his thanks to Professor F. G. 
Donnan, who suggested the investigation; and to the Advisory 
Council of the Department of Scientific and Industrial Research 
for a maintenance grant during the period of the research. 
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CCCX XVII.—Substituted isoDiazomethanes. 


By FREDERICK DANIEL CHATTAWAY and ARTHUR JOHN WALKER. 


WHEN bromine (1 mol.) is allowed to act upon o-nitrobenzaldehyde- 
phenylhydrazone (1 mol.), the first product easily isolated is o-nitro- 
benzaldehyde-p-bromophenylhydrazone (I). The further action of 
bromine yields first an orange-red dibromo-derivative and finally a 
yellow tribromo-derivative, m. p. 110°. These compounds can also | 
be formed by the bromination of the p-bromo- and 2: 4-dibromo- 
phenylhydrazones of o-nitrobenzaldehyde, but they differ entirely 
in properties from the isomeric nuclear-substituted hydrazones. 
Since on oxidation they yield o-nitrobenzoic acid, they must be 
w-bromo-derivatives, strictly analogous with those obtained from 
m- and p-nitrobenzaldehydephenylhydrazones (this vol., p. 1687; 
see also p. 975), substitution following the course (R = o0-C,H,°NO,) 


NH:-N:CHR NH-N:CHR NH-N:CBrh NH-N:CBrR 


i. aS dia 7a eae is ay ones (Br (III.) 
yy es ee NG 


r Br Br 
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The final product, w-bromo-o-nitrobenzaldehyde-2 : 4-dibromophenyl- 
hydrazone (III), can be recrystallised without change from chloro- 
form, benzene, or acetic acid, but on warming for a short time 
with alcohol it loses hydrogen bromide, forming a compound * 
which explodes with great violence when heated. 

This also occurs when the w-bromo-derivative is warmed in 
acetic acid with sodium acetate, but elimination of hydrogen 
bromide is most readily effected by shaking a solution of the 
w-bromo-derivative in benzene with a little aqueous ammonia, or ~ 
a small quantity of pyridine. 

The action of bromine upon o-nitrobenzaldehyde-2 : 4 : 6-trichloro- 
phenylhydrazone yields a trichloromonobromo-derivative (m. p. 115°) 
which similarly may be made to lose hydrogen bromide and form 
an explosive compound containing all the original chlorine, but no 
bromine. The formation of the explosive compound does not | 
therefore take place by the elimination of the nuclear, but of the 
w-halogen. The occupation of both o-positions and the p-position 
by chlorine in this compound excludes the possibility of it being 
formed by the elimination of the w-halogen with an o- or the 
p-hydrogen of the phenylhydrazine nucleus. 

In a similar way, the formation of an explosive derivative from 
w-bromo-o-nitrobenzaldehyde-3 : 4 : 5-trichlorophenylhydrazone (IV), in 
which both the m-positions are occupied, excludes the possibility 
of an elimination of hydrogen bromide between the w-bromine and 
the hydrogen in the m-position. 3 

The most probable explanation of the reaction is that the 
w-halogen is eliminated with the imino-hydrogen of the hydrazone, 
forming an unstable, three-atom isodiazomethane ring, thus : 


sae a 
See sie PEE Sean) ——o, Ws Al Di (V.) 


If the bromination of o-nitrobenzaldehydephenylhydrazone be 
carried out in the presence of sodium acetate, the formation of 
w-bromo-o-nitrobenzaldehyde-p-bromophenylhydrazone and _ the 
elimination of hydrogen bromide from this take place successively, 
yielding the explosive 1-p-bromophenyl-3-0-nitrophenylisodiazo- 
methane (V1) as the product of the one operation : 


* Ciusa and Vecchiotti (Gazzetta, 1916, 46, i, 240) appear to have had this 
compound in their hands, but as they failed to observe the loss of hydrogen 
bromide during recrystallisation from alcohol, they assumed that it was an 
w-bromo-derivative, having a structure which we have shown to be that of the 
entirely different compound, m. p. 110°. 
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C,H;-NH-N:CH:-C,H, NO, —> C,H, Br-NH:N:CBr-C,H,-NO, aa 
VieIN 
C,H, Br-N—C:C,H, NO, (VI.) 


An excess of bromine has no action on this final explosive 
product under the conditions of the experiment, as might be 
expected, there being no hydrogen attached to the nitrogen united 
with the aryl residue, replacement of which by halogen appears to 
be a necessary preliminary to the intramolecular rearrangement by 
which it passes into the nucleus. 

Other w-bromo-o-nitrobenzaldehydehydrazones yield similar 
explosive compounds, which also must. therefore be regarded as 
esodiazomethanes, ¢.g., 


VAN 
(Vil.) (2: 4-)C,H,Br.-N——C-C,H,-NO, and 
/Ny 


The action of chlorine upon o-nitrobenzaldehydephenylhydrazone 
is similar to the action of bromine, although naturally more energetic. 
The first product easily isolated is o-nitrobenzaldehyde-2 : 4-di- 
chlorophenylhydrazone. The further action of chlorine upon this 
yields a trichloro-derivative (m. p. 132°) which must be w-chloro- 
o-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone, 

C,H,Cl,-NH-N:CCL-C,H,-NO, (IX), 
since it differs in its properties from o-nitrobenzaldehyde-2: 4 : 6-tri- 
chlorophenylhydrazone and yields o-nitrobenzoic acid on oxidation. 
The final product of the chlorination is a tetrachloro-derivative, 
which, since it can also be obtained by the chlorination of o-nitro- 
benzaldehyde-2 : 4 : 6-trichlorophenylhydrazone, must be w-chloro- 
o-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone (X). The course 
of the reaction may therefore be represented thus (R = o-C,H,NO,) : 


NH-N:CHR NH:-N:CHR NH:N:CCIR NH-N:CCIR 
aX a ae an 
ca en x) eC Cu Tie 
wy ae ee ee 
. Cl Cl Cl 


Like the w-bromo-o-nitrobenzaldehydephenylhydrazones, the 
»-chloro-o-nitrobenzaldehydephenylhydrazones lose hydrogen halide 
when their benzene solutions are warmed with pyridine or ammonia, 
forming highly explosive compounds containing similar three-atom, 
tsodiazomethane rings, e.g., (X) —> (VIII). 


4 L* 


2410 CHATTAWAY AND WALKER: | 


ExPERIMENTAL. 


The Bromination Products of o-Nitrobenzaldehydephenylhydrazone, 
and their isoDiazomethane Derivatives. 


To a suspension of 5 g. (1 mol.) of o-nitrobenzaldehydepheny1- 
hydrazone in 25 c.c. of acetic acid was added a solution of 3 g. 
(1 mol.) of bromine in the same solvent. An orange solution was 
formed, from which red crystals of o-nitrobenzaldehyde-p-bromo- 
phenylhydrazone separated, m. p. 183° after recrystallisation from 
alcohol. 

w-Bromo-o-nitrobenzaldehyde-p-bromophenylhydrazone (II) .—The 
addition of more bromine (6 g.; 2 mols.) to a similar quantity of 
o-nitrobenzaldehydephenylhydrazone yielded an orange solution 
from which, on pouring into water, a viscid, red solid was pre- 
cipitated. This was dissolved in a little warm ether and cooled, 
when a small quantity of red crystals of o-nitrobenzaldehyde- 
2 : 4-dibromophenylhydrazone separated, m. p. 204° after recrystal- 
lisation from alcohol. 

The ethereal mother-liquor yielded on evaporation an amorphous 
red solid. This lost hydrogen bromide so readily that 1t could not 
be recrystallised, but it was shown to consist of w-bromo-o-nitro- 
benzaldehyde-y-bromophenylhydrazone by conversion into its 
crystalline isodiazomethane derivative (below), a yield of over 
3-5 g. (90% of the theoretical) being obtained from 5 g. of the red 
solid. 

1-p-Bromophenyl-3-0-nitrophenylisodiazomethane (VI).—A_ solu- 
tion of 5g. of w-bromo-o-nitrobenzaldehyde- p-bromophenylhydrazone 
in 20 c.c. of warm benzene was shaken with 5 c.c. of concentrated 
aqueous ammonia. The mixture set to a mass of yellow crystals, 
which were collected, and recrystallised from chloroform, in which 
the compound is moderately soluble, and from which it separates | 
in yellow needles; these explode at 144° without melting * (Found : 
Br, 24:7; N, 12:9. C,,H,O,.N,Br requires Br, 25-1; N, 13-294). 

This isodiazomethane is most conveniently prepared by adding 
S090 (eo. Or o-nitrobenzaldehydephenylhydrazone and 10 g. of 
anhydrous sodium acetate suspended in acetic acid, a solution of 
6 g. of bromine (2 mols.) in acetic acid; the hydrazone dissolves 
and fine, yellow crystals of the isodiazomethane separate (yield 
5 g. after washing with water and recrystallisation from chloroform). 


* The explosion point does not vary by more than a degree with the rate 
of heating. It was found that the determination of a mixed explosion point 
(analogous with a mixed melting point) could be employed to establish the 
identity of these compounds, the explosion point of a mixture being generally 
below the explosion point of either of the pure constituents. 
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The same compound is obtained by the action of bromine (1 mol.) 
upon o-nitrobenzaldehyde-p-bromophenylhydrazone under similar 
conditions. 

w-Bromo-o-nitrobenzaldehyde-2 : 4-dibromophenylhydrazone (II1).— 
To a cooled suspension of 5 g. (1 mol.) of o-nitrobenzaldehydepheny]l- 
hydrazone in 25 c.c. of acetic acid was added a solution of 10 g. 
of bromine (3 mols.) in acetic acid. A yellow solution was formed 
which deposited compact crystals of the w-bromo-derivative. This 
_crystallises from acetic acid, in which it is easily soluble, in com- 
pact, pale yellow needles, m. p. 110° (yield 7 g..or 70%). > [tis 
sparingly soluble in ligroin and easily soluble in chloroform or 
benzene (Found: Br, 50-4. C,3;H,0,N,Br, requires Br, 50:2°). 

The same compound (m. p. 110°) was similarly prepared by 
adding bromine (1 mol.) to a suspension of o-nitrobenzaldehyde- 
2 : 4-dibromophenylhydrazone in acetic acid. 

A small quantity of the substance, when boiled for 3 hours with 
an alkaline solution of potassium permanganate, yielded o-nitro- 
benzoic acid, m. p. 144°, thus showing that no halogen had entered 
the aldehyde nucleus. | , 

1-2: 4- Dibromophenyl - 3 - 0 - mtrophenylisodiazomethane (VII).— 
w- Bromo-o-nitrobenzaldehyde-2 : 4-dibromophenylhydrazone (5 g.), 
dissolved in 25 c.c. of warm benzene, was shaken with 5 c.c. of 
concentrated aqueous ammonia. The mixture became hot and set 
to a mass of yellow crystals. These were recrystallised from ° 
chloroform, in which the compound was sparingly soluble, and 
from which it separated in jong, yellow needles which exploded 
violently at 145—146° without melting (yield almost theoretical) 
(Found: Br, 40-5; M, ebullioscopic in chloroform, 373. C,3;H,0,N,Br, 
requires Br, 40-39%; M, 397). 

The compound can be obtained from w-bromo-o-nitrobenzalde- 
hyde-2 : 4-dibromophenylhydrazone in several other ways. For 
example, it separates when dry ammonia gas is passed into a solu- 
tion of the w-bromo-derivative in benzene, or when a small quantity 
of pyridine is added. It is also formed when a solution of the 
w-bromo-compound in acetic acid is warmed gently with sodium 
acetate, and when a solution of the same compound in alcohol is 
gently boiled for a few minutes. 

w-Bromo-o-ntrobenzaldehyde-2 : 4-dichlorophenylhydrazone, 

C,H3Cl,-NH-N:CBr-C,H,:NO,. 

—A solution of 2-5 g. of bromine (1 mol.) in acetic acid was added 
to a suspension of 5 g. of o-nitrobenzaldehyde-2 : 4-dichlorophenyl- 
hydrazone (1 mol.) in 50 c.c. of warm acetic acid. The yellow 
Solution formed deposited, on cooling, crystals of the w-bromo- 
derivative in clusters of pale yellow needles, m. pear: THis 
i 4L* 2 
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moderately easily soluble in acetic acid and easily soluble in benzene 
(Found : Cl + Br, 38-6. C,,H,0,N,Cl,Br requires Cl + Br, 38-8%). 

1-2: 4. Dichlorophenyl-3-0-nitrophenylisodiazomethane (correspond- 
ing to VIL) separated almost instantaneously when a benzene solu- 
tion of »-bromo-o-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone 
was shaken with concentrated aqueous ammonia. It crystallises — 
from chloroform, in which it is easily soluble, in bright. yellow, Six- 
sided, slender prisms which explode at 140° (Found: Cl, 23-2. 
C,3H,O,N,Cl, requires Cl, 23-0595). 

w - Bromo - 0 - nitrobenzaldehyde - 2: 4:6 - trichlorophenylhydrazone, 
C,H,Cly,;NH-N:CBr-C HNO, separated when a solution of 2°5 g. 
of bromine (1 mol.) was added to 5 g. of o-nitrobenzaldehyde- 
9:4: 6-trichlorophenylhydrazone in 50 c.c. of acetic acid. It was 
recrystallised from acetic acid, in which it is moderately easily 
soluble. It is also easily soluble in chloroform or benzene. 

It exists in two polymorphic modifications, and when a solution 
+n acetic acid is cooled separates first in light yellow needles, which 
in the warm solvent transform rapidly into pale yellow, compact 
prisms, m. p. 115—116° (Found: Cl + Br, 43:9. C,,H,O,N,Cl,Br 
requires Cl + Br, 44:0%). | 

1-2:4: 6-Trichlorophenyl-3-0-nitrophenylisodiazomethane (VIII) 
separated when a solution of w-bromo-o-nitrobenzaldehyde-2 : 4 : 6- 
trichlorophenylhydrazone in benzene was shaken with concentrated 
aqueous ammonia. It dissolves easily in chloroform or benzene and. 
sparingly in ligroin. It crystallises from chloroform-ligroin in 
bright yellow, long prisms, which explode at 163° (Found: 
Cl, 31:1; M, ebullioscopic in chloroform, 365. C,3H,0,N,Cl, 
requires Cl, 31:1%; 1, 343°5). . 

w-Bromo-o-nitrobenzaldehyde-3 : 4 : 5-trichlorophenylhydrazone (LV) 
separated when 2:5 g. of bromine (1 mol.) were added to 5 g. (1 mol.) 
of o-nitrobenzaldehyde-3 : 4: 5-trichlorophenylhydrazone suspended 
in 250 c.c. of warm acetic acid. It was recrystallised from this 
solvent, in which it is moderately easily soluble, and from which 
it separates in pale yellow needles, m. p. 170° (decomp.) (Found : 
Cl + Br, 43:8. C,,H,O,N,Cl,Br requires Cl + Br, 440%). 

1-3:4: 5-Trichlorophenyl-3-0-nitrophenylisodiazomethane (V) sep- 
arated when a solution of »-bromo-o-nitrobenzaldehyde-3 : 4 : 5-tri- 
chlorophenylhydrazone in benzene was shaken with concentrated 
aqueous ammonia. It is sparingly soluble in benzene, chloroform, 
or acetic acid, and separates from these solvents in compact, yellow 
plates, which explode at 151° (Found: Cl, 31:2. C,3H,O2N3Cls 
requires Cl, 31:1%). ‘ 

1-p-Chlorophenyl-3-0-nitrophenylisodiazomethane was prepared 
from o-nitrobenzaldehyde-p-chlorophenylhydrazone, - without the 
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isolation of an intermediate w-bromo-derivative. It separated as a 
yellow, crystalline mass when a solution of bromine (1 mol.) was 
added to a suspension of the hydrazone (1 mol.) and an excess 
(2 mols.) of sodium acetate in acetic acid. It crystallises from this 
solvent, in which it is moderately easily soluble, in bright yellow 
needles, which explode at 147° (Found: Cl, 12-9. ©,,H,0,N,Cl 
requires Cl, 13-0%). 

Action of Chlorine wpon o-Nitrobenzaldehydephenylhydrazone.— 
_ Chlorination proceeds more cleanly in chloroform than in acetic 
acid. Its progress is accompanied by marked changes in the colour 
of the solution, which serve as a convenient guide when it is desired 
to arrest the process at some intermediate point. 

A slow current of chlorine was passed into a cooled suspension of 
5 g. of o-nitrobenzaldehydephenylhydrazone in 50 c.c. of chloro- 
form, until the solid had dissolved to form a red solution. This 
on standing yielded dark red crystals, which after recrystallisation 
from alcohol melted at 192°, and proved to be o-nitrobenzaldehyde- 
2 : 4-dichlorophenylhydrazone. 

w-Chloro-o-mitrobenzaldehyde-2 : 4-dichlorophenylhydrazone (IX).— 
In a second experiment the stream of chlorine was continued until 
the solution became dark brown. From this solution, on addition 
of an equal volume of cold alcohol, w-chloro-o-nitrobenzaldehyde-2 : 4- 
dichlorophenylhydrazone separated. It crystallises from chloroform, 
in which it is moderately easily soluble, in compact, yellow prisms, 
m. p. 132° (Found : Cl, 31-0. C,,;H,0,N,Cl, requires Cl, 30-9%). 

The same compound is more readily prepared by passing chlorine 
into a suspension of o-nitrobenzaldehyde-2 : 4-dichlorophenylhydr- 
azone in chloroform until the solid just dissolves, and then adding 
an equal volume of alcohol, when it separates in a fairly pure state. 

A small quantity of the substance, when boiled for some time 
with an alkaline solution of potassium permanganate, yielded 
o-nitrobenzoic acid, m. p. 144°. 

w-Chloro-o-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone, like 
the w-bromo-compound, loses hydrogen halide when pyridine is 
added to its benzene solution or when it is shaken with ammonia. 
The product, 1-2 : 4-dichlorophenyl-3-o-nitrophenylisodiazomethane 
(expl: 140°), is the same in both cases and has already been 
described. 

w-Chloro-o-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone (X). 
—In a third experiment the passage of chlorine into the suspension 
in chloroform of o-nitrobenzaldehydephenylhydrazone was continued 
until no more was absorbed, and the colour of the solution had 
changed to a light brown. The excess of chlorine was evaporated 
off, and an equal volume of cold alcohol added, when w-chloro-o- 
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nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone separated as a 
yellow, crystalline solid. Yield from 5 g. of the original hydrazone, 
4-5 g. It dissolves easily in chloroform or benzene, but is sparingly 
soluble in ligroin. It erystallises from benzene-ligroin in fine, yellow 
needles, m. p. 107° (Found: Cl, 37-5. C,3H,O,N;Cl, requires Cl, 
37:5%). 

A small quantity when boiled for 3 hours with alkaline potassium — 
permanganate solution yielded o-nitrobenzoic acid, m. p. 144°. | 

The same compound was prepared in a similar manner by the 
action of chlorine upon o-nitrobenzaldehyde-2 : 4: 6-trichlorophenyl- 
hydrazone. 

w-Chloro-o-nitrobenzaldehyde -2 : 4 : 6-trichlorophenylhydrazone 
when dissolved in benzene and shaken with aqueous ammonia 
was converted into 1-2: 4: 6-trichlorophenyl-3-o-nitrophenyliso- 
diazomethane, which separated from the solution in almost — 
theoretical quantity. This exploded at 163° and was identical 
with the compound similarly obtained from w-bromo-o-nitrobenz- 
aldehyde-2 : 4: 6-trichlorophenylhydrazone (p. 2412). 

The w-halogeno-o-nitrobenzaldehydephenylhydrazones described 
here all yield deep green colorations when a trace of an oxidising 
agent (nitric acid or ferric chloride) is added to their solutions in 
strong sulphuric acid. The isodiazomethane derivatives dissolve in 
sulphuric acid, giving yellow solutions which are unaffected by the 
addition of oxidising agents. 

Both the w-halogeno-o-nitrobenzaldehydephenylhydrazones and 
their isodiazomethane derivatives are decomposed by alcoholic 
potash, yielding as one of the products a halogen-substituted 
benzene, e.g., 1-2: 4: 6-trichloropheny]-3-o-nitrophenylisodiazometh- 
ane yields 1:3: 5-trichlorobenzene. A similar decomposition 1s 
effected by ammonia in alcoholic solution. The course of these 
reactions is at present under investigation. 
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COCXXVIII.—The Isomerism of the Oximes. Part 
XXIII. Acyl Derivatives. 


By Oscar L. Brapy and GERALD PATRICK McHveu. 


In this series of papers a considerable amount of work has been 
published on the various acyl derivatives of the aldoximes (see 
particularly J., 1913, 103, 1613; 1916, 109, 650; 1923, 123, 1190; 
2163; 1924, 125, 1087; this vol., p. 844), and the object of the 
present communication is to fill in certain gaps and to summarise 
the position. 
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The action of benzoyl chloride on the «-aldoximes * has been 
studied by Minunni and his co-workers (Gazzetta, 1892, 22, ii, 166; 
1896, 26, i, 456) and by Forster and Judd (J., 1910, 97, 256). The 
former prepared the benzoyl derivatives from the «-aldoximes by 
treatment with benzoyl choride in ethereal solution, the latter 
tried to prepare the isomeric benzoyl derivatives from (-benz- 
aldoxime and p-triazo-f-benzaldoxime by avoiding the presence of 
hydrogen chloride, which would be likely to cause inversion (com- 
pare the acetyl-6-aldoximes). They were, however, unsuccessful, 
both isomerides yielding the same benzoyl derivative. The action 
of benzoyl! chloride on a solution in excess of sodium hydroxide of a 
number of other «-aldoximes has been investigated and in every 
case a benzoyl! derivative was obtained, which, on hydrolysis with 
alkali, regenerated the original oxime. It had previously been 
found that benzoyl chloride converts the otherwise stable 6-cinnam- 
aldoxime and o-methoxy-8-cinnamaldoxime into «-benzoyl deriv- 
atives from which the «-oximes could be obtained by alkaline 
hydrolysis. (Brady and Thomas, J., 1922, 124, 2104; Brady and 
Grayson, J., 1924, 125, 1419). This reaction is apparently a 
general one and it has been found that benzoylation by the 
Schotten-Baumann method converts B-benzaldoxime, o-, m-, and 
p-nitro-, p-methoxy-, and 3: 4-methylenedioxy-6-benzaldoximes 
into the corresponding «-benzoyl derivatives. Similar results were 
obtained by benzoylating in pyridine solution with benzoylpyridin- 
ium chloride in spite of all precautions to avoid isomeric change. 
These results are somewhat remarkable, since ethyl chloroformate 
with an alkaline solution of the @-aldoximes invariably gave the 
nitrile, and acetylpyridinium chloride with a pyridine solution of 
the B-aldoximes also gave the nitrile. 

The action of keten on the aldoximes promised to be of interest, 
since the behaviour of phenylcarbimide in giving inversion of con- 
figuration (Brady and Dunn, J., 1916, 109, 650) suggested that keten, 
also an additive reagent, might act upon the «-aldoxime to give the 
acetyl-f-oxime. This expectation was, however, not realised, the 
a-aldoximes giving acetyl-«-aldoximes. With §-aldoximes and 
keten, the acetyl compound could not be isolated in a pure state, 
but treatment of the crude product with sodium hydroxide gave 
the corresponding nitrile, indicating the presence of the acetyl-f- 
aldoxime. The acetyl-8-aldoximes are very sensitive to traces of 

* q-Aldoximes are those which on treatment with acetic anhydride and 
sodium carbonate give acetyl derivatives which regenerate the oxime on 
alkaline hydrolysis; f-aldoximes, those which give the nitrile under these 
conditions; a-acyl derivatives, those which on alkaline hydrolysis give the 
a-aldoxime; and f-acyl derivatives, those which give the nitrile (compare 
_ Brady and Bishop, this vol., p. 1357). 
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acid, being thereby converted into the acetyl-«-aldoxime, and it was 
possible that in the first case traces of hydrogen bromide were 
carried over by the keten; if, however, this had been the case, one 
would have expected a similar result when the 6-aldoximes were 
employed, whereas here there was no doubt that the acetyl-8- 
aldoxime was formed. 

If keten added to the CN and N:0O double bonds in the tautomeric 
form of the oximes, RCH:NH:0, in a manner similar to that suggested 
for phenylearbimide (J., 1916, 109, 659), an arylisooxazolidone (I) 
would be formed : 

Hea Ebel misao EX, RCH {H, earar! RCH 

HN:O CO HN-O-CO N-0:CO-CH, 
This might be expected to tautomerise to the acetylaldoxime, or to 
split off acetic acid and give the nitrile in a similar manner to the 
y-alkylisooxazoles (II) (Claisen, Ber., 1903, 36, 3672). 


RAG CH iieon : 
(I1.) \-o-tH > RCN + CH,°CO,K. 

A compound of this nature was described by Posner (Annalen, 
1912, 389, 97), who obtained yy-diphenylisooxazolidone (III) by 
the action of hydroxylamine on #-phenylcinnamic ester; this 
compound might be formed by the action of keten on the tautomeric 
form of diphenylketoxime, and since, according to Posner, the 
compound was comparatively stable, there should have been no 
difficulty in isolating it; however, only acetyldiphenylketoxime was 
obtained in the reaction. 

(CoHs)20 CH, 
HN:O CO 

The acetyl-8-aldoximes have been described by Hantzsch (Ber., 
1891, 24, 38; Z. physikal. Chem., 1894, 13, 509), who gives three 
general methods for their preparation, but, with the exception of 
acetyl-8-benzaldoxime, no experimental details for the individual 
compounds. His methods have been tried with four 6-aldoximes, 
but our products differ considerably from his and could not be 
obtained free from unchanged oxime. Hantzsch publishes no 
analyses of the compounds other than acetyl-$-benzaldoxime and 
we are not convinced that other acetyl-8-aldoximes have, as yet, been 
obtained in the pure state. 

In connexion with the inversion of configuration brought about 
by phenylearbimide, the action of phenylcarbamyl chloride on ‘the 
sodium salts of the «-aldoximes has been investigated; here the 
carbanilino-derivative of the «-oxime was obtained, there being no 
indication of the formation of the corresponding {-derivative. 


> 


Hi (CgH5)oC-—-CH, (qr) 
HN-O-CO 
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Table I summarises the principal results which have been obtained 
in this series of investigations, but it is a matter of some difficulty 
to interpret them; « indicates that the acyl derivative formed in 
the reaction, on hydrolysis with sodium hydroxide, regenerates the 
a-aldoxime; 8, that the acyl derivative, on alkaline hydrolysis, 
gives the nitrile; N indicates that the nitrile is formed; A, the 
aldehyde. 


TABLE I, 
* e oOo . 
3s 3 i Bas Was 
Pry eevee sa ea ass lee 
Oxime. Baer Se ee ene Rie aa) vale” 
2 = be Se Eb 2g Bs HS wf FS 
@ ¢ 82 Bo ee oe as, $0 Be BE 
8 8 BE SE S228 28 aS se Ze 
4 8 SEARS HS HS AS ad AE 88 
Benzaldoxime ......... eee Ci eta ALE ee by Toe ae 3B B a+f «a 
- a lanai Be Bs ie me a tral UNG at A AL te NB B 
o-Nitrobenzaldoxime Cee Gh OE Pip er BoB B a* — 
ae BIB OTE AUB A Say PINAL AEN it ee 
m-Nitrobenzaldoxime a a a BP.a aoa sp B a+t+fea 
»” B p o Diecerpe ss, We Ae Aa NO B 
p-Nitrobenzaldoxime a aa p B PB 8B 8 Ba+fB a 
i Piaeeraadasereh) 6Eiro Nat Ar Ayh aces hye 
p-Methoxybenzald- : 
IRIAN we ttekacecnt sss i Ras ser ny oe Be UN ebeta Bn ae 
p-Methoxybenzald- 
rae bets MMe AB yO REO 8 BB a ee ON A AEN OB B 
3 : 4-Methylenedioxy- 
benzaldoxime ...... ve ene) eee Yes a BoB Bia eer a 
3 : 4-Methylenedioxy- 
benzaldoxime ...... Bp Bp «a — — — N AA+N 8B B 
Cinnamaldoxime ...... a aeoa—-— — a 8B B Cry eee 
aioe dias pena Bo Bio es) N, A A+T+N 8B B 
o-Methoxybenzald- 
PEATE on a sy fr es kak a aa Bee a B B arse 
p-Dimethylamino- 
benzaldoxime ...... Peat fiat ee a. B B B a 


* In these cases the carbanilino-compound separated very slowly and 
isomeric change of any f-isomeride formed may have ogcurred. 


It will be noticed that o-methoxybenzaldoxime and p-dimethyl- 
aminobenzaldoxime, which are known only in the «-form, give, in 
certain cases, derivatives which apparently have the 8-configuration. 
The main problems, however, that have to be considered are: 
(1) How far it is justifiable to assume that all acyl derivatives which 
on alkaline hydrolysis give the nitrile have a similar configuration ? 
(2) If the above assumption is correct, why one reagent, e.g., ethyl 
chloroformate, brings about inversion of some oximes but not of 
others, whereas another similar reagent, diphenylcarbamyl chloride, 
always brings about inversion, and a third, benzoyl chloride, 
never. (3) Why phenylearbimide causes inversion, but «-naphthyl- 
carbimide does not do so. (4) Why benzoyl chloride is unique in 
yielding, with aqueous sodium hydroxide solutions of the p-aldoximes, 
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the benzoyl derivatives of the «-oxime rather than that of the 
8-oxime or the nitrile. (5) The nature of the very unstable, yellow 
carbanilino- and «-naphthylearbamyl compounds which are fre- 
quently the first products of the action of the carbimides on the 
B-aldoximes (Goldschmidt and van Rietschoten, Ber., 1893, 26, 
2087; Brady and Thomas, J., 1922, 121, 2105; see also experimental 
part). 7 

In connexion with the first point, adopting the new configuration 
of the aldoximes (Brady and Bishop, loc. cit.), the stereoisomeric 
acyl derivatives may be represented : 


RCH RCH 
OY) 'N-O-COR’ R'COON 
Acyl derivative of a-oxime. Acyl derivative of B-oxime. 


In normal cases, on alkaline hydrolysis, trans-elimination of acid 
will occur, (IV) regenerating the oxime and (V) giving the nitrile, 
but it is conceivable that in special cases cis-elimination of acid might 
readily take place and (IV) here give the nitrile. Consequently it 
might be argued that the carbethoxy-compounds obtained from 
p-methoxy-, 3 : 4-methylenedioxy-, o- and p-nitro-«-benzaldoximes 
have the same configuration (IV) as these oximes but that here 
cis-elimination of the acid readily occurs. Against this view, 
however, are the facts, first, the same carbethoxy-compounds were 
obtained from the ®-aldoximes and secondly, the carbethoxy- 
compound obtained from p-nitro-«-benzaldoxime on boiling with 
alcohol gave a second carbethoxy-derivative, which behaved in a 
normal manner on hydrolysis, regenerating the original «-aldoxime ; 
on the above hypothesis, this would indicate a change from con- 
figuration (IV) to configuration (V) and a reversal on hydrolysis. 
The first change is unlikely in view of the well-established reverse 
tendency, whilst if the latter contingency be admitted, the whole 
problem of oxime configuration would be thrown into indescribable 
confusion. 

Another possibility is that in certain cases N-acyl derivatives are 
formed on the analogy of the N-ethers and that the carbethoxy- 
compounds prepared from p-methoxy-, 3: 4-methylenedioxy-, 
o- and p-nitro-«-benzaldoximes, which on hydrolysis give the nitrile, 
should be represented as R-CH:N(‘O)-CO,Et, the effect of heating 
the carbethoxy-compound from p-nitro-«-benzaldoxime being the 
transference of the carbethoxy-group from N to O; against this, 
however, must be placed the nature of the absorption spectrum of 
N-derivatives, which does not accord with that of these carbethoxy- 
compounds. Moreover, one would then have to regard as N-acyl 
derivatives the diethylearbamyl and phenylethylearbamyl com- 
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pounds obtained from p-nitro-«-benzaldoxime, differentiating these 
from the diphenylearbamyl derivatives; if the latter class are 
included, the dinitrophenyl- and trinitrophenyl-compounds, pre- 
pared from the «-aldoximes, would have to follow, but the action 
of 2 : 4-dinitrochlorobenzene and picry! chloride on the @-aldoximes 
is quite abnormal, the only explanation that appears possible being 
that it is in this case that an N-substituted compound is formed which 
is too unstable to be capable of free existence (Brady and Truszkowski, 
J., 1924, 125, 1087; Brady and Klein, this vol., p. 844). In 
addition, the N’-methy] ethers of the aldoximes are readily hydrolysed 
by alkali, not to the nitrile, but to the aldehyde. The idea that all 
acyl derivatives which give nitriles on hydrolysis are NV -substituted. 
compounds cuts at the very basis of the Hantzsch-Werner hypothesis 
and is difficult to maintain for other reasons, some of which have 
been given in previous papers. There seems, therefore, every reason 
to suppose that all acyl derivatives which on hydrolysis give the 
nitrile have the same configuration. 

The application of the octet theory, although it suggested the very 
complicated nature of the electron changes which probably occur 
during acylation, did not elucidate the problem and aiter a careful 
consideration of many possible hypotheses, including an ionisation 
theory, we are still unable to advance any view that fits the facts 
better than that suggested by Dunn and one of us (J., 1916, 109, 
650). The new configuration being adopted, and the aldoximes being 
regarded as tautomeric, the acyl halide can add on in two ways, 
either at the NiO double bond (VI) or at both the C:N and N:O 
double bonds (VII); removal of hydrogen chloride produces no 
change in configuration in the first case, but does so in the second ; 
similarly, in the case of the 6-aldoxime : 


R-CH R:CH 
DOH ta dot NO 


a-aldoxime 


| B-aldoxime | | 
J . ms 


¥ 
R:CH RCH RCH RCH 
| ‘Cl [scl | 
H N-OAcyl HN-OAcy! PhCO-O:-NH AcylO-NH 
(VI.) Cl (VII.) Cl 
RCH R-CH R-CH R-CH 
N-OAcyl AcylO-N N-O-COPh AcylO-N 
a-acyl derivative. B-acyl a-benzoyl 
derivative. derivative. 


RCN 
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With the «-aldoximes, the method of addition is governed partly 
by the nature of the aryl group R, e.g., in the case of the carbethoxy- 
compounds, and partly by the nature of the acyl halide, e.g., di- 
phenylearbamy] chloride; with the §-aldoximes, it seems to be 
decided solely by the nature of the acyl chloride, benzoyl chloride 
being the only one, so far inv>stigated, which adds on at both double 
bonds. 

The arguments previously adduced for the formation of the 
carbanilino-compounds must still hold in general, but it seems more 
probable that the yellow compounds obtained by the action of 
arylearbimides on f-oximes are formed by the addition of the 
earbimide at first to the C:N double bond only, (VIII) then under- 
going tautomeric change, the group migrating to the O, giving (LX). 

CH _», «yur ROH NR _, RCH x, 

ONH O:NH--C:O RNH-CO,°N 

The nitrone structure here suggested, as in the case of the 
N-ethers, would account for the colour (compare also Staudinger 
and Miescher, Helv. Chim. Acta, 1919, 2, 554, for the addition .of 
diphenylketen to ketoximes). 


EXPERIMENTAL. 


Action of Benzoyl Chloride on «-Aldoximes.—The «-aldoxime 
(3 g.) was dissolved in 2N-sodium hydroxide (100 c.c.), benzoyl 
chloride (3 g.) added, and the mixture well shaken and cooled ; 
when the odour of the chloride had disappeared, the solid was 
collected, washed, and crystallised. ‘The orientation of the product 
was determined in each case by hydrolysis with warm 2N-sodium 
hydroxide, when a clear solution was obtained and no ammonia 
evolved, indicating the absence of a nitrile produced from a 6- 
derivative. From the solution carbon dioxide precipitated the 
«-oxime, which was identified by the method of mixed melting 
points, whilst hydrochloric acid subsequently gave benzoic acid. 
No indication of the presence of the acid corresponding to the 
oxime was obtained. Benzoyl-o-nitro-«-benzaldoxime, as is usually 
the case with derivatives of this oxime, underwent profound decom- 
position on warming with alkali, but when left in contact with 
2N-sodium hydroxide at room temperature until a clear solution 
was obtained, it reacted normally. 

Benzoyl-o-nitro-«-benzaldoxume separated from alcohol in pale 
greenish-white plates, m. p. 112° (Found: N, 10-2: C©,,H,,0,N, 
requires N, 10-3%), benzoyl-p-nitro-a-benzaldoxume from acetone in 
pale greenish-white, rectangular plates, m. p. 196° (Found: N, 
10-49%), benzoyl-3 : 4-methylenedioxy-«-benzaldoxime from acetic acid 
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in white plates, m. p. 168° (Found: N, 5-3. ©,,H, 0,N requires 
N, 5:2%), benzoyl-o-methoxy-«-benzaldoxime from alcohol in white 
plates, m. p. 96° (Found: N, 5-6. C,;H,,0,N requires N, 5-5%), 
and benzoyl-p-dimethylamino-«-benzaldoxime from acetone and water 
in greenish-white plates, m. p. 138° (Found: N, 10-3. CygHig0)Ne 
requires N, 10-4%). 

In addition, the benzoyl derivatives of «-benzaldoxime, m-nitro-, 

and p-methoxy-«-benzaldoximes (Minunni and Corselli, Gazzetta, 
1892, 22, 164) were prepared in an analogous manner from the 
corresponding «-aldoximes, and their configuration determined by 
hydrolysing them to the «-aldoximes with 2V-sodium hydroxide. 

Action of Benzoyl Chloride on -Aldoximes.—f-Benzaldoxime, 
o-, m-, and p-nitro-, p-methoxy-, and 3: 4-methylenedioxy-8- 
benzaldoximes were benzoylated in a similar manner to the «- 

erivatives. In each case the corresponding benzoyl-c-aldoxime 
was obtained, which was identified by a mixed melting point and by 
hydrolysis to the «-oxime. The benzoyl chloride was shaken with a 
little sodium hydroxide immediately before use, in case any acid in 
it should bring about conversion. The benzoylation was carried 
out at 0° and the products were washed with iced water. They 
were crystallised by dissolution in cold acetone and precipitation by 
the cautious addition of water in order to avoid isomeric change, 
which might be brought about by the use of hot solvents, but no 
indication of the formation of a @-isomeride was obtained. In 
another series of experiments 8-benzaldoxime, m-nitro-, and 3: 4- 
methylenedioxy-$-benzaldoxime were dissolved in dry pyridine and 
cooled to 0°; a solution of the calculated amount of benzoyl chloride 
in dry pyridine at 0° was added, and the mixture kept at O° he 
product was poured on to crushed ice and extracted with ether, 
the extract washed, dried over sodium sulphate, and the ether 
evaporated at room temperature. In every case the benzoyl-a- 
aldoxime was obtained. Similar results were obtained at —23° 
(compare Forster and Judd, loc. cit.). Acetylation of B-aldoximes 
under similar conditions gives the nitrile, but no indication of the 
formation of this compound was obtained during the benzoylation. 
3 : 4-Methylenedioxy-f-benzaldoxime (5 g.) was dissolved in dry 
ether, sodium (0-7 g.) dissolved in a minimum of alcohol added, the 
precipitated sodium salt collected, washed with dry ether, rapidly 
dried on a porous tile, suspended in dry ether, and the calculated 
amount of benzoyl chloride added. After 2 hours, the solution was 
filtered, and on evaporating the ether at room temperature benzoyl- 
3 : 4-methylenedioxy-«-benzaldoxime was obtained. 

Action of Keten on «-Aldoximes——The keten was prepared 
(Staudinger and Klever, Ber., 1908, 41, 594) by the action of zinc 
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filmgs on 50 g. of bromoacetyl bromide in 250 c.c. of dry ether in a 
current of hydrogen. Ether and keten distilled over and were 
passed. directly into a dry ethereal solution ‘of 1 g. of the oxime; 
this was then evaporated over solid sodium hydroxide in a continu- 
ously evacuated desiccator and the solid residue pressed on a tile. 
3: 4-Methylenedioxy-«-benzaldoxime gave a crude product which 
melted alone at 98—104°, at 102—104° when mixed with acetyl- 
3: 4-methylenedioxy-«-benzaldoxime, and at 105° after one crys- 
tallisation from benzene. This was identified as the «-acetyl 
derivative by comparison with a specimen prepared by the action 
of acetic anhydride at 30° on 3 : 4-methylenedioxy-«-benzaldoxime 
followed by treatment with sodium carbonate solution. Acetyl-3 : 4- 
methylenedioxy-x«-benzaldoxime crystallised from alcohol in fine, 
white needles, m. p. 105° (Found: N, 6-9. C,)H,O,N requires 
N, 6:7%). 

In the cases of m- and -nitro-«-benzaldoximes the reaction was — 
incomplete even after 24 hours, although the solution had still a 
strong odour of keten. Accordingly the ether was evaporated, 
and the crude product washed with a small amount of cold 2N- 
sodium hydroxide, which removed unchanged oxime, identified as 
the «-isomeride after precipitation with carbon dioxide. The 
residues, after drying on a tile, melted at 121° (m-compound; 
when mixed with acetyl-m-nitro-«-benzaldoxime, at 126°) and 
124—129° (p-compound); in each case the pure acetylnitro-a- 
benzaldoxime was obtained aiter’one crystallisation from alcohol. 

In all three cases the crude product, on hydrolysis with warm 
2N-sodium hydroxide, gave the corresponding «-oxime, no nitrile 
or acid being detected. This result and the melting points of the 
crude products indicate that no appreciable amount of acetyl-B- 
aldoxime had been formed and subsequently converted into the 
a-isomeride during crystallisation; for the former is immediately 
converted by cold sodium hydroxide into the nitrile and subsequently 
into the carboxylic acid. 

Action of Keten on B-Aldoximes.—s : 4- Methylenedioxy-8-benzald- 
oxime, when treated as above, gave after evaporation of the ether 
a viscous product which could not be crystallised. After hydrolys- 
ing with 2N-sodium hydroxide, saturating the solution with carbon 
dioxide, and extracting with ether, a small amount of 3 : 4-methyl- 
enedioxy-a-benzaldoxime was isolated, whilst on acidifying with 
hydrochloric acid and again extracting 3: 4-methylenedioxy- 
benzoic acid was obtained. From m-nitro-8-benzaldoxime, a crude 
product, m. p. 82—90°, was obtained; this was triturated with 
cold 2N-sodium Be daoaie) and the aus identified as m-nitro- 
benzonitrile, formed from the 8-acetyl derivative; the alkaline 
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solution, on treatment with carbon dioxide followed by ether 
extraction, gave m-nitro-«-benzaldoxime. 

Action of Keten on Diphenylketoxime.—When diphenylketoxime 
was treated with keten, the ether solution on evaporation gave a 
mass of crystals, m. p. 72°, which after crystallisation from light 
petroleum gave pure acetyldiphenylketoxime, m. p. 74°. This was 
identified by comparison with a specimen obtained by the action of 
acetic anhydride on the ketoxime. 

Acetyl Derivatives of 8-Aldoximes.—Owing to the sensitivity of the 
acetyl-8-aldoximes, this work was carried out in a room free from 
acid fumes and illuminated by deep orange light only. 

A solution of the f§-aldoxime in a minimum of pure acetic 
anhydride was kept at room temperature for 5 minutes and then 
cooled to —20°; the solid was produced by scratching for some time. 
The suspension was poured on to a porous tile, and the solid crystal- 
lised by dissolving in dry benzene at room temperature and adding 
light petroleum slowly with constant scratching. The acetyl 
derivative thus produced was triturated with cold 2N-sodium 
hydroxide, kept for 5 minutes, and filtered. The solid residue was 
the nitrile; from the solution, yellow in the case of the nitro- 
compound, concentrated ammonium chloride precipitated the corre- 
sponding $-aldoxime. o0-Nitro-8-benzaldoxime (m. p. 152°) gave 
acetyl-o-nitro--benzaldoxime, m. p. 73° (Found: N, 13-9. C,H,0,N, 
requires N, 13-59%). The @-aldoxime recovered after trituration 
with sodium hydroxide had m. p. 146—149°.  m-Nitro-6-benzald- 
oxime (m. p. 112°) gave a product, m. p. 96—98° (Hantzsch gives 
75°) (Found : N, 14:2. Calc., N, 138-5°%); the recovered 6-aldoxime 
melted alone at 108—115°, and at 92° when mixed with the 
a-aldoxime. p-Nitro--benzaldoxime (m. p. 174°) gave a product, 
m. p. 96° (H. 75—76°) (Found: N, 14-4. Calc., N, 135%); the 
recovered ®-aldoxime melted at 165—168°. 3 : 4-Methylenedioxy- 
8-benzaldoxime gave a product, m. p. 86° (H. 99°) (Found : N, 7-2. 
Calc., N, 6:7°%); the recovered f-aldoxime melted at 135—138°. 

No satisfactory results were given by the other methods described 
by Hantzsch (Z. physikal. Chem., 1894, 13, 509). The isolation of 
the 8-aldoxime by treating with cold sodium hydroxide suggested 
that the supposed acetyl derivatives were contaminated with 
unchanged oxime. This was confirmed by the high percentage of 
nitrogen found. An alternative explanation is that the hydrolysis 
of the acetyl-8-oxime gave partly nitrile and partly $-oxime, the 
high analytical figures being due to contamination with nitrile. 
Judging from experience in the hydrolysis of other acyl-6-aldoximes, 
we think the second contingency the less likely. 

Action of Ethyl Diazoacetate on Aldoximes.—Dry ethereal solutions 
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of m-nitro- and 3 : 4-methylenedioxy-«- and -8-benzaldoximes were 
treated with a slight excess of an ethereal solution of ethyl diazo- 
acetate at room temperature for 48 hours. On removal of the 
solvent, the solutions of the «-aldoximes gave unchanged «-aldoxime, 
whilst those of the @-aldoximes gave a mixture of «- and §-aldoximes 
owing to isomeric change of the former into the latter. 


Action of Phenylcarbimide on Aldoximes (compare Goldschmidt — 


and others, Ber., 1889, 22, 3112; 1890, 23, 2136; 1891, 24, 2546; 
1893, 26, 2087; Beckmann, zb:d., 1890, 23, 3321; Brady and Dunn, 
J., 1916, 109, 650; Brady and Thomas, J., 1922, 121, 2100).— 
3: 4-Methylenedioxy-a-benzaldoxime (7 g.) in a minimum of dry 
ether was treated with phenylcarbimide (5 g.), the precipitate that 
formed at once was separated, pressed on a porous tile, and washed 
with dry ether; it then melted at 78° (decomp.). A portion was 
treated with alcohol under reflux for an hour. On cooling, a small 
amount of diphenylearbamide crystallised; the alcoholic filtrate 
from this was evaporated to dryness, and the residue crystallised 
from benzene and light petroleum, carbanilino-3 : 4-methylenedioxy- 
a-benzaldoxime being obtained as a white, micro-crystalline powder, 
m. p. 104° (decomp.) (Found: N, 9-7. C©,,;H,,0O,N, requires N, 
9-8%). 

From another portion, carbanilino-3 : 4-methylenedioxy-«-benz- 
aldoxime was isolated by a method analogous to that used by 
Brady and Dunn for the m-nitro-derivative (J., 1916, 109, 670; 
compare idem, J., 1914, 105, 2877). The remainder of the crude 
product was hydrolysed with 2N-sodium hydroxide, when 3: 4- 
methylenedioxybenzoic acid and 3: 4-methylenedioxy-«-benzald- 
oxime were obtained, the former preponderating. There was, 
therefore, no doubt that the crude compound was a mixture of 
the two carbanilino-derivatives. When 3: 4-methylenedioxy-f- 
benzaldoxime was similarly treated with phenylcarbimide, the © 
precipitated carbanilino-3 : 4-methylenedioxy-B-benzaldoxime formed 
greenish-white plates, m. p. 84° (decomp.) (Found: N, 9-9. 
C,;H,,0,N, requires N, 98°). Attempts to crystallise the com- 
pound from various solvents invariably led to isomeric change, 
the melting point falling. On treatment with warm 2/V-sodium 
hydroxide it was rapidly decomposed; the insoluble residue con- 
sisted of 3:4-methylenedioxybenzonitrile and no «-oxime was 
detected; more prolonged hydrolysis gave the acid and ammonia. 
Similar results were obtained by the action of phenylcarbimide 
(6 g.) on p-nitro-«-benzaldoxime (4 g.), the mixture being kept for 
5 minutes before the precipitate was separated. The crude product 
(m. p. 88°) on hydrolysis gave a mixture of acid and a-oxime, and 
on boiling with alcohol gave carbanilino-p-nitro-«-benzaldoxime, 
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m. p. 148—150°. With -methoxy-«-benzaldoxime, the crude 
product (m. p. 74°) on hydrolysis gave acid and «-oxime, and on 
boiling with alcohol, the pure carbanilino-p-methoxy-«-benzald- 
oxime, m. p. 103°. In the case of o-nitro-«-benzaldoxime the 
addition of phenylcarbimide did not cause rapid precipitation of the 
carbanilino-derivative, so the solution was kept in the dark, out of 
contact with moisture, for 24 hours. The precipitate then melted 
at 105° and after one crystallisation from light petroleum gave pure 
carbanilino-o-nitro-«-benzaldoxime, m. p. 119°. The crude product 
on hydrolysis gave the «-oxime but no acid and seemed to contain 
no carbanilino-o-nitro-8-benzaldoxime, any which might have been 
formed originally having probably undergone isomeric change 
owing to the long period of keeping. 

o-Methoxy-«-benzaldoxime, treated in an analogous manner to 
the above, behaved similarly. The crude product (m. p. 106°) on 
recrystallisation from benzene and light petroleum gave carbanilino- 
o-methoxy-a-benzaldoxime, white needles, m. p. 107° (decomp.) 
(Found: N, 10-5. C,,;H,,0,N, requires N, 10-4°%). Hydrolysis 
of the crude product gave o-methoxy-a-benzaldoxime but no 
o-methoxybenzoic acid. 

Action of Phenylcarbamyl Chloride on the Sodium Salts of «-Ald- 
oximes.—The behaviour of two oximes, viz., m-nitro- and p-methoxy- 
a-benzaldoxime, was investigated. The oxime was dissolved in 
dry ether, the calculated quantity of sodium dissolved in the 
minimum of alcohol added, the precipitated sodium salt washed 
with dry ether, and dried for a week in the dark over solid sodium 
hydroxide in a vacuum. The finely powdered salt was suspended 
in dry ether, in a well-stoppered vessel, and freshly prepared 
phenylcarbamyl chloride (1 mol.) added. The mixture was kept 
for 2 hours, with occasional shaking, filtered, and the solid extracted 
with cold chloroform. The residue, after being washed with water 
to remove sodium chloride, contained a very small quantity of 
diphenylcarbamide. In the case of m-nitro-«-benzaldoxime the 
chloroform solution was diluted with light petroleum; the preci- 
pitate formed consisted of slightly impure carbanilino-m-nitro-«- 
benzaldoxime. Alkaline hydrolysis gave only the «-oxime and no 
m-nitrobenzoic acid. In the case of p-methoxy-«-benzaldoxime, 
the chloroform was removed by a current of dry air; the crude 
product (m. p. 99°) was carbanilino-p-methoxy-«-benzaldoxime, 
alkaline hydrolysis giving the «-oxime and no acid. 

Diphenylcarbamyl-o-methoxy-B-benzaldoxime.—A solution of 
sodium (0-76 g.) in the minimum of absolute alcohol was added to a 
solution of o-methoxybenzaldoxime (5 g.) in dry ether, followed by 
a large excess of ether. The precipitated sodium salt was washed 
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with ether and dried in a vacuum over solid sodium hydroxide, 
suspended in dry chloroform with diphenylearbamyl chloride 
(7-7 g.), and heated under reflux for 4 hours. The sodium chloride 
formed was separated, and the filtrate evaporated at room temper- 
ature. The oil was treated with 10 c.c. of 2N-sodium hydroxide 
end 10 c.c. of ether, the whole being well stirred together. The 


_ a 


colourless crystals separating were collected, washed with a little — 


ether, then with water, and dried in a vacuum. On crystallising 
from light petroleum to which about 10% of benzene had. been added 
to increase the solvent action, diphenylcarbamyl-o-methoxy-B- 
benzaldoxime was obtained in small, colourless needles, m. p. 124° 
(decomp.) (Found: N, 8-2. C,,H,,0;N, requires N, 81%). On 
hydrolysis with sodium hydroxide under reflux, ammonia was 
evolved, and diphenylamine and o-methoxybenzoic acid were 
isolated from the solution. 


Action of Ethyl Chloroformate on «- and 8-Cinnamaldoximes 


(compare Brady and McHugh, J., 1923, 123, 1190).—«-Cinnamald- 
oxime (1 g.) was dissolved in 2N-sodium hydroxide (20 c.c.), and 
ethyl chloroformate (0-8 g.) added with cooling and shaking. The 
precipitate was washed with water, pressed on a tile, washed with a 
very little ether, and crystallised from benzene and light petroleum, 
when carbethoxy-«-cinnamaldoxime was obtained in pale yellow 
crystals, m. p. 64° (Found: N, 6-6. Cj ,H,3;0,N requires N, 64%). 
On hydrolysis by heating on the water-bath for an hour with 2V- 
sodium hydroxide and saturating with carbon dioxide, the «-oxime 
was recovered. When &-cinnamaldoxime was treated under the 
same conditions with ethyl chloroformate, an uncrystallisable oil 
was obtained, which was identified as cinnamonitrile by its boiling 
point and by hydrolysis to ammonia and cinnamic acid. 

Action of «-Naphthylcarbimide on «a- and 8-Cinnamaldoximes 
(compare Brady and Ridge, J., 1923, 123, 2163).—«-Cinnamald- 


oxime in dry ether was mixed with an equal weight of o-naphthyl- — 


carbimide in a stoppered vessel; after 1 hour, glistening, pale 
yellow plates of a-naphthylcarbamyl-«-cinnamaldoxime separated, 


m. p. 152° (decomp.). Crystallisation from acetone and water did - 


not alter the melting point (Found: N, 9-0. C,)H,,0,N, requires 
N, 8:9%). Hydrolysis with hot 2N-sodium hydroxide for an hour 
gave «-naphthylamine, s-di-x-naphthylcarbamide, and «-cinnamald- 
oxime (see Brady and Ridge, loc. cit., for a general method of 
separation). 

To a solution of 8-cinnamaldoxime in dry ether was added an 
equal weight of «-naphthylcarbimide. After keeping for 30 minutes, 
glistening, deep yellow plates were deposited which, after being 


washed with dry ether, consisted of yellow a-naphthylcarbamyl-B- — 
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cinnamaldoxime, m. p. 125° (decomp.) (Found : N, 9-0. Co9H, .0.N. 
requires N, 8:9%). This compound could not be crystallised. 
When it was dissolved in cold acetone, and water added cautiously, 
rectangular plates of colourless «-naphthylearbamyl-8-cinnamald- 
oxime separated, m. p. 125° (decomp.) (Found : N, 8-9°%) (compare 
Brady and Thomas, J., 1922, 121, 2105, for similar behaviour with 
phenylearbimide). A mixture of the yellow and white modi- 
fications still melted and decomposed at 125°, and both forms on 
hydrolysis with 2N-sodium hydroxide for an hour gave «-naphthyl- 
amine, s-di-«-naphthylearbamide, ammonia, and cinnamic acid. 
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CCCXXIX.—The Isomerism of the Oximes. Part 
XXIV. 4-Methoxy-3-methyl-, 3-Nitro-4-methyl-, 
and Some ortho-Substituted Benzaldoximes. 


By Oscar L. Brapy, ANToInEeTTE N. Cosson, and Arruur J. 
ROopPeER. 


THIS communication is a continuation of those dealing with the 
influence of one or more substituents in the benzene nucleus on the 
formation of the unstable f-oxime (see this vol., p. 2415, for footnote 
explaining the nomenclature adopted) (Brady and Dunn, J., 1914, 
105, 821, 2409, 2872; 1915, 107, 1858; 1916, 109, 667; Went- 
worth and Brady, J., 1920, 117, 1040; Brady and Truszkowski, 
 J., 1923, 123, 2434; Brady and Manjunath, J., 1924, 125, 1060). 
Some doubt exists how far substitution in the ortho-position with 
respect to the oximino-group prevents the formation of the 8- 
isomeride ; o-nitrobenzaldoxime, 2 : 4-dimethyl- and 2-chloro-3-nitro- 
benzaldoximes have been prepared in two forms by the usual method, 
and o-chloro-8-benzaldoxime was obtained by Behrend and Nissen 
(Annalen, 1892, 269, 390) by the action of alkalis on bisnitrosyl-o- 
chlorobenzyl and by McHugh and one of us (J., 1924, 125, 547) by 
the action of ultra-violet light on the «-isomeride, but attempts to 
obtain it through the hydrochloride were unsuccessful (Dollfus, Ber., 
1892, 25, 1923). Similarly, although 2 : 5-dimethyl-6-benzaldoxime 
was obtained by Scholl and Kaéer (Ber., 1903, 36, 322) by the action 
of mercuric fulminate on p-xylene in presence of aluminium chloride, 
it could not be prepared from the «-oxime through the hydrochloride 
(Francesconi and Mundici, Gazzetia, 1902, 32, ii, 467). Dollfus 
(loc. cit.) failed to convert o-methylbenzaldoxime into the @-form 
and many attempts to prepare the 8-isomeride of o-methoxybenzald- 
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oxime under widely varying conditions have been made, but with- 
out success, by one of us and others; failure in the latter case is the 
more surprising since p-methoxy- g-benzaldoxime is exceptionally 
stable. 

The behaviour of o-halogeno- and o-ethoxy-benzaldoximes has 
now been studied. o-Chloro- and o-bromo-«-benzaldoximes were 
converted into their B-isomerides through the hydrochloride under — 
suitable experimental conditions, but no 8-compound could be 
obtained from o-iodo- and o-ethoxy-«-benzaldoximes. It is notable 
that the @-isomerides of ortho-substituted compounds can in some 
cases be prepared only under special experimental conditions but 
that when obtained they do not appear to be unusually unstable. 
There seems, therefore, to be no justification for assuming that failure 
to obtain 8-isomerides from certain aldoximes is due to excessive 
instability of that form, and we are of opinion that the explanation 
must be sought either in the constitution of the hydrochloride or 
in some influence hindering the rearrangement of the hydrochloride ; 
this view is supported by the formation of 6-derivatives from oximes 
known only in the «-form, ¢.9., carbanilinodimethylamino-§- 
benzaldoxime (Brady and Dunn, J., 1914, 105, 2877). In general, it 
may be said that ortho-substitution does not necessarily inhibit the 
formation of the 8-isomeride, but produces a distinct hindering 
effect. 

The action of alkalis on o-halogenobenzaldoximes has been 
investigated (compare Brady and Bishop, this vol., p. 1857). The 
results are given in the experimental section; the formation of 
salicylic acid from o0-iodo-«-benzaldoxime probably takes place 
through the benzisooxazole : 
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It is unfortunate that o-iodo-8-benzaldoxime could not be 
obtained, because we were unable to test further the results of 
Bishop and one of us on the relative ease of formation of the iso- 
oxazole ring from the two isomerides. 


ExPERIMENTAL. 


o-Chloro-«- and -8-benzaldoximes.—Solutions of hydroxylamine 
hydrochloride (12 g. in 200 c.c. of water) and sodium hydroxide 
(18 g. in 200 c.c. of water) were mixed with cooling, and o-chloro- 
benzaldehyde (20 g.) was added. After 10 minutes, the mixture was 
shaken with ether to extract impurities such as o-chlorobenzyl 
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chloride (which are frequently present in the aldehyde). The 
«-oxime was precipitated from the alkaline solution with carbon 
dioxide, crystallised from benzene, dissolved in concentrated hydro- 
chloric acid, and the solution saturated with hydrogen chloride and 
poured slowly into a large excess of 2N-sodium carbonate with very 
vigorous stirring. The oxime thus precipitated was washed, rapidly 
dried (m. p. 62—96°) on a porous tile, dissolved in benzene, and light 
petroleum added; the @-oxime then crystallised, m. p. 101—103° 
- (Behrend and Nissen, loc. cit., give m. p. 98—102°, and Brady and 
McHugh, loc. cit., 110°). 

When a solution of the «-oxime in dry ether was saturated with 
hydrogen ¢hloride, no precipitate appeared, but on scratching for a 
few minutes a hydrochloride separated as a white, crystalline powder, 
m. p. 108° (decomp.) (Found: Ionisable Cl, 17-9. C,H,ONCl, 
requires ionisable Cl, 18-5°%%).. On decomposition with 2NV-sodium 
carbonate this regenerated the «-oxime, and a similar result was 
obtained when boiling benzene was employed as solvent (compare 
Brady and Dunn, J., 1923, 123, 1783). 

o-Bromo-«-benzaldoxime.—The preparation of o-bromobenzalde- 
hyde from o-bromotoluene by Etard’s reaction having given very poor 
yields, the following, more satisfactory, method was used. Acetic 
anhydride (40 g.), glacial acetic acid (30 g.), concentrated sulphuric 
acid (15 g.), and o-bromotoluene (5 g.) were mixed cautiously in the 
order named, cooled to 0°, chromium trioxide (10 g.) in glacial 
acetic acid (30 g.) was slowly added, the temperature being kept 
below 10°, and the mixture was poured on to crushed ice. The solid 
produced, on crystallising from alcohol, gave o-bromobenzylidene 
diacetate in colourless crystals, m. p. 84—86° (Found: Br, 27:8. 
C,,H,,0,Br requires Br, 27:9%). The diacetate was boiled under 
reflux for 2 hours with concentrated hydrochloric acid, and the 
solution diluted and shaken with ether. The crude aldehyde 
isolated from the extract was oximated by the method described 
above for the o-chloro-compound; by crystallising the product from 
benzene, pure o-bromo-«-benzaldoxime was obtained, m. p. 102° 
(compare V. Meyer, Ber., 1892, 25, 2188). This was oriented in 
the usual way by means of acetic anhydride. Acetyl-o-bromo-«- 
benzaldoxime crystallises from light petroleum or from acetone and 
water in colourless plates, m. p. 66° (Found: N, 5-8. C,H,O,NBr 
- requires N, 5-8 %). 

o-Bromo-8-benzaldoxime.—A solution of o-bromo-«-benzaldoxime 
in chloroform was saturated with hydrogen chloride. No hydro- 
chloride was precipitated, so the solution was added to excess of 
vigorously stirred 2N-sodium hydroxide, the alkaline layer separated 
and rapidly saturated with carbon dioxide. The precipitated oxime 
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was rapidly dried on a porous tile and crystallised from benzene, 
o-bromo-8-benzaldoxime being obtained in colourless needles, m. p. 
126° (Found: N, 7-2. C,H,ONBr requires N, 7-:0%). On treat- 
ment with acetic anhydride and sodium carbonate, this gave 
o-bromobenzonitrile, m. p. 51°. No conversion of the «- into the 
G-oxime was effected by dissolution in concentrated hydrochloric 
acid, etc. A solution of the «-oxime in ether saturated with hydrogen 
chloride gave, on scratching, a hydrochloride as a white, crystalline 
powder, m. p. 115° (decomp.) (Found: Cl, 15:3. C,H,ONCIBr 
requires Cl, 15-0°%); this on decomposition with sodium carbonate 
regenerated the «-oxime. 
0-Lodo-«-benzaldoxime.—Oxidation of o-iodotoluene by the method 
described above in the case of o-bromotoluene gave no o-iodo- 
benzylidene diacetate. The aldehyde was therefore prepared by . 
Friedlander’s ‘method (Ber., 1884, 17, 456) and the oxime by 
Patterson’s (J., 1896, 69, 1002). The latter, on treatment with 
ethereal hydrogen chloride, gave the hydrochloride as a yellow, 
crystalline powder, m. p. 100—102° (decomp.), but this on decom- 
position regenerated the original «-oxime. The other methods, 
described above, also failed to bring about conversion. : 
Action of Alkalis on o-Halogenobenzaldoximes.—o-lodo-«-benz- 
aldoxime was boiled for 2 hours under reflux with 20 times its 
weight of 30% sodium hydroxide. From a portion of the solution, 
acidified with dilute nitric acid, silver nitrate produced a copious 
precipitate of silver iodide. The remaining portion was acidified 
with dilute sulphuric acid and extracted with chloroform, the 
extract was washed with very dilute sulphurous acid to remove 
iodine and then evaporated. The solid residue on crystallisation 
from water gave salicylic acid, which was identified by direct com- 
parison, by its reaction with ferric chloride, and by the formation 
of methyl salicylate. o-Chloro-«- and §-benzaldoximes and o-bromo- 
a-benzaldoxime gave no ionised halogen under the above con- 
ditions; o-bromo-f-benzaldoxime lost some halogen, the solution 
acidified with dilute nitric acid giving a very pronounced opal- 
escence with silver nitrate, but the amount of decomposition was 
insufficient for salicylic acid to be isolated. 
o-Hthoxy-«-benzaldoxime.—The oxime was prepared in the same 
way as [o-chloro-«-benzaldoxime and crystallised from light 
petroleum; m. p. 58° (Léw, Monatsh., 1891, 12, 395). Attempts to 
obtain the §-isomeride by the methods here described were uni- 
formly unsuccessful, the pure «-oxime being invariably recovered. 
4- Methoxy-3-methyl-«-benzaldoxime.—Solutions of hydroxylamine 
hydrochloride (15 g. in 50 c.c. of water) and sodium hydroxide 
(20 g. in 150 c.c. of water) were mixed with cooling, and 4-methoxy- 
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3-methylbenzaldehyde (30 g.) was added. The aldehyde dissolved 
after 15 minutes’ shaking, and after a further 30 minutes the solution 
was saturated with carbon dioxide; the oil thus precipitated slowly 
solidified. After being dried, it was crystallised by dissolving in 
light petroleum at 60° and cooling rapidly, when the oxime was 
obtained, m. p. 71° (Gattermann, Annalen, 1907, 357, 355, gives 
m. p. 68—70°, but confesses to considerable difficulty in purifying 
his product). During the orientation of the compound in the usual 
way, acetyl-4-methoxy-3-methyl-«-benzaldoxime was obtained; it 
crystallised from light petroleum in white plates, m. p. 70° (Found : 
N, 7:0. C,,H,,0,N requires N, 6:8%). 
4.Methoxy-3-methylbenzonitrile——The «-oxime was boiled for 
90 minutes under reflux with excess of acetic anhydride, and the 
solution thus obtained was cooled and poured into 2N-sodium 
carbonate. When the excess of anhydride had been decomposed, 
the mixture was placed on ice and left over-night; the oil had then 
solidified. A solution of the solid in absolute alcohol, on evaporating 
slowly, deposited 4-methoxy-3-methylbenzonitrile in colourless needles, 
m. p. 5I—52° (Found: N, 9-7. C,H,ON requires N, 9-5%). This 
was hydrolysed by boiling for 2 hours with 2N-sodium hydroxide, 
the solution cooled, acidified with hydrochloric acid, and the 
precipitate crystallised from alcohol, 4-methoxy-3-methylbenzoic acid 
being thus obtained in small, colourless needles, m. p. 192° (Found : 
C, 64-9; H, 6-2. C,H,,O, requires C, 65-1; H, 6:0%). This acid 
was also obtained, but in poor yield, by heating the aldehyde for an 
hour with ammoniacal silver nitrate, filtering the hot solution, and 
acidifying the filtrate with nitric acid. 
4-Methoxy-3-methyl-8-benzaldoxime.—A solution of the «-oxime 
in warm chloroform was saturated during 15 minutes with hydrogen 
chloride. The precipitated hydrochloride, a white, crystalline 
powder, m. p. 171° (decomp.) (Found: Cl, 17-4. C,H,,O,NCl 
requires Cl, 17-6%), was dissolved in excess of cold 2N-sodium 
hydroxide and a saturated solution of ammonium chloride added, 
when 4-methoxy-3-methyl-8-benzaldoxime was precipitated; it 
crystallised from acetone and water in microscopic, colourless needles, 
m. p. 121° (Found: N, 8-3. C,H,,0,N requires N, 85%). When 
its configuration was determined with acetic anhydride, this oxime 
gave 4-methoxy-3-methylbenzonitrile. 
3-Nitro-4-methyl-«-benzaldoxime.—Hydroxylamine hydrochloride 
(8 g. in 25 c.c. of water) was mixed with sodium hydroxide (10 g. in 
75 ¢c.c. of water), and 3-nitro-4-methylbenzaldehyde (16 g.) in a 
minimum of warm alcohol added. After 2 hours, the solution was 
saturated with carbon dioxide, and the precipitate, after washing, 
crystallised from alcohol; 3-nitro-4-methyl-«-benzaldoxime was then 
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obtained in pale yellow needles, m. p. 118—120° (Found: N, 15-6. 
C,H,0,N, requires N, 15-6 %). Cold acetic anhydride and sodium 
carbonate solution gave acetyl-3-nitro-4-methyl-«-benzaldoxime, which 


. 


: 


separated from acetone and water in colourless crystals, m. p. 104° 
(Found : N, 12-5. CyHO,N, requires N, 12:2%). On hydrolysis, — 


it regenerated the original oxime. 


3-Nitro-4-methyl-B-benzaldoxime.—A ‘solution of the’ o-oxime in — 


warm dry chloroform, on saturation’ with hydrogen chloride, gave 


a white, crystalline precipitate of the hydrochloride, m. p. 140° & 
(decomp.) (Found: Cl, 16-4. C,H,O;N,Cl requires Cl, 166%): — 
This was rapidly dissolved in 2N-sodium hydroxide (3 equivs.), and — 


a saturated solution of ammonium chloride added ; the precipitate of — 


3-nitro-4-methyl-B-benzaldoxime separated from acetone and water 


in colourless crystals, m. p. 135° (Found: N, 15-5. CgH,O;N, 


requires N, 15-6%). With acetic anhydride and sodium carbonate 
solution, -this oxime gave 3-nitro-4-methylbenzonitrile. 
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CCCOXXX.—The Periodic Crystallisation of Pure 


Substances. 
By Ernest SypNey HepeEs and James EckeRsSLEY MYERs. 


SEVERAL investigators have observed the production of periodic 
structures resembling the Liesegang phenomenon in the crystallis- 
ation of thin films of pure substances from a melt or from solution. 
Thus, Alexéev (J. Russ. Phys. Chem Soc., 1906, 38, 1120) reports that 
ethyl] ethanetetracarboxylate, benzophenone, and coumarin crystal- 
lise in concentric zones when a thin layer of the molten substance 
is allowed to cool. Rhythmic crystallisation of sulphanilie acid— 
sulphuric acid mixtures, p-toluonitrile, salol, and methylsalicylic 


acid has formed the subject of an investigation by Schubert _ 


(Kolloid-Z., 1924, 35, 219), whilst Garner and Randall (J., 1924, 
425, 369) have shown that thin films of certain higher fatty acids 
crystallise in the form of waves. Vorlinder and Ernst (Z. physikal. 
Chem., 1919, 93, 521) and Kagi (Helv. Chim. Acta, 1923, 6, 264) 
observed crystallisation in concentric rings of other organic sub- 
stances from a state of solution. The rhythmic crystallisation of 
thin films of molten sulphur has been investigated by Fischer- 
Treuenfeld (Kolloid-Z., 1915, 16, 109) and by Kohler (ab7d., 1915, 
47, 10). The cause of the phenomenon has been attributed by 
Alexéev (loc. cit.) to local alterations in surface tension due to the 


real. 


The periodic crystallisation of benzoic acid from sulphuric 
acid-ethy! alcohol solution, 


Hig. 2: 


The effect is not confined to a surface film, but extends 
throughout the whole mass. 
(To face page 2482.) 
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liberation of heat of crystallisation, and this view has also been 
urged by some more recent investigators. 

Some cases are on record of the periodic crystallisation of 
inorganic salts from aqueous solution, the best-known instance 
being potassium dichromate (Miers, Min. Mag., 1808, 15, 39). 
Similar effects have been observed with sodium carbonate by 
Hofsiss (Z. physikal. Chem., 1919, 93, 754). 


ExPERIMENTAL 


The present authors have carried out some experiments with 
thin films of solutions of chrome alum and of barium nitrate. In 
these cases, the best method of procedure is as follows: a drop 
of an aqueous solution of the substance saturated at room tem- 
perature is spread on a microscope slide, which is then warmed 
gently over a Bunsen flame and quickly transferred to the micro- 
scope. It is essential that the slide be carefully cleaned to facilitate 
spreading of the drop. The alternate periods of rapid and slow 
growth starting from the edge of the drop and producing corre- 
sponding rings of branched growths and geometrical crystals of 
potassium dichromate have been described by Miers (loc. cit.). 
With chrome alum, crystallisation proceeds much more slowly with 
the formation of a metastable, optically active, spherulitic form 
(compare Miers, Min. Mag., 1906, 14, 134). The bands consist 
of alternate zones of small and large spherulites. Crystallisation 
proceeds initially at a fairly rapid rate with the formation of a 
large number of small particles, and then at a slower rate with 
formation of a smaller number of large particles, the two speeds 
thereafter alternating. Similar observations were made with 
barium nitrate. 

These observations are analogous to those of Hatschek (2nd 
Brit. Assoc. Colloid Report, 1918) on the distribution of particles 
with respect to size in rhythmic precipitation structures. In 
general, the periodic structure only appears in these cases when the 
film of liquid is very thin and the rate of crystallisation fairly rapid ; 
the distance between the rings decreases for thinner films and with 
increasing rate of crystallisation. The view put forward by Miers 
is that crystallisation of the first ring takes place by inoculation 
when part of the solution reaches the labile state by cooling: as 
soon as this rapid growth has reduced the concentration of the 
solution in the immediate vicinity to the metastable condition, the 
crystals continue to grow slowly; in the meantime, the next ring 
of solution is becoming labile by evaporation and cooling and the 
rapid crystallisation recommences at some point. Such an ex- 
planation seems to meet the case of potassium dichromate, but it 
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is doubtful whether its applicability is universal. The authors 
would point out that at least in the case of chrome alum the 
periodicity is only observed when the metastable, spherulitic form 
appears, and this suggests a link with other types of physicochemical 
periodicity (Hedges and Myers, J., 1924, 125, 604, 1282; this vol., 
pp. 445, 1013), which are associated with surfaces which are believed 
to be in a metastable state. It seems probable that periodic 
phenomena are a general characteristic of such metastable systems. 

The foregoing instances are characterised by conditions where 
a small quantity of substance exhibits a large surface, but this does 
not appear to be essential for rhythmic crystallisation. The present 
authors have observed that benzoic acid crystallises in a very 
beautiful wave-form from mixtures of sulphuric acid and ethyl 
alcohol. This effect is well portrayed in Fig. 1. It is not a surface - 
formation, but affects the whole mass of substance, the layers being 
arranged round the crystallisation nuclei like the coats of an onion. 
Fig. 2, which is another photograph of the same specimen taken 
from a different aspect, illustrates the solidity of the effect. 

This phenomenon can be reproduced by warming 5 g. of benzoic 
acid with 12—20 ¢.c. of an equal-volume mixture of sulphuric 
acid and ethyl alcohol and setting aside to cool. The crystallis- 
ation starts from nuclei and spreads radially with constant decrease 
in the distance between successive rings. Although in almost all 
cases of rhythmic crystallisation the distance between successive 
rings is considerably less than a millimetre, in fact being often 
observable only by means of a lens, in the present case the effect 
is on a comparatively enormous scale and the rings in the speci- 
men photographed were about a centimetre apart. Examination 
shows the layers to consist of closely packed crystals of benzoic 
acid separated by spaces containing mostly solution with some 
benzoic acid crystals sufficient to give rigidity to the whole. 
Crystallisation of benzoic acid from sulphuric acid or ethyl alcohol 
alone does not give rise to such periodic formations. 


The authors wish to express their best thanks to Sir Henry A, 
Miers, F.R.S., in whose laboratory some of the experiments were 
carried out. 
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CCCXXXI,—The Rotation-Dispersion of Optically 
Active mocetie te Dimethoxysuccinates and 


Pyxi dine” 
fac oe x0 g y 
By THomas Aravaes Aare eee and JAMES Davipson Fuuton. 


MODERN work on optical activity has disclosed, in general, the very 
important fact that if, under two entirely different sets of circum- 
stances (temperature, concentration, solvent), the rotations for 
some particular colour, say sodium yellow, are the same, then the 
rotations for all the other colours also will be the same or very 
nearly the same, each to each. This is the lesson of the char- 
acteristic diagram, and it holds not merely for one and the same 
substance in different sets of circumstances, but also for derivatives 
of that active substance. 

From the characteristic diagram we are thus able to foretell 
for a group of related compounds that if by varying the external 
conditions we can produce a certain rotation for one colour of 
light, the rotations for other colours will have certain definite 
values. But the characteristic diagram, unfortunately, does not 
indicate the physical conditions necessary to bring about a certain 
effect, or how they may be produced. Further, the characteristic 
diagram, although of a remarkably general character, is only an 
approximation, and, as far as can be judged at present, there are, 
probably, definite limits to its application. Thus for many sub- 
stances, the rotation passes through a maximum or minimum value 
with change of temperature, and the data at present available are 
insufficient to show whether the rotation values on both sides of 
such a maximum fall upon a single characteristic diagram or not. 
It is clear that the difference between the rotation values for two 
colours of light—what may be called the dispersion—is directly 
proportional to either value, if calculated from the point of inter- 
section for these two colours—the rational zero. Using the rational 
zero, a dispersion coefficient may be arrived at which shows very 
fair constancy under widely differing circumstances and may in 
future prove to be definitely characteristic of a particular substance 
or group of substances. 

The experimental difficulties encountered in examining the 
rotation of an active substance over a wide range of temperature 
are considerable, and therefore only a comparatively short part of 
the 7'—R curves for most active compounds has been ascertained. 
It has been suggested, however, by one of us, that this difficulty 
can be at least partly overcome by piecing together 7—R curves 


or solutions of the active compound in question, or derivatives of 
4M 2 
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it, just as a characteristic diagram is constructed by piecing together 
data of different kinds—the evidence being indeed just the same in 
both cases. The question, similar to that already referred to, 
then arises, as to whether the dispersion-coefficient derived from 
such 7'—R curves would have the same value as for the mother- 
substance, when calculated from the rational zero. It was with a 
view to collect further evidence of this kind that the work described 
below was undertaken. | 

For our purpose it is desirable to study substances the rotations 
of which vary as much as possible with change of external con- 
ditions. Some previous work had shown that benzyl tartrate has 
a fairly high rotation, and, moreover, that the maximum in the 
TR curve lies at a moderate and easily ascertainable temperature 
(J., 1913, 103, 148). We therefore thought it worth while to 
examine in the first place dibenzyl dimethoxysuccinate, hoping that 
its rotation would be both high and easily variable. 

Dibenzyl dimethoxysuccinate was prepared from d-dimethoxy- 
succinic acid (J., 1901, 79, 959) (1 mol.) by heating with pure 
benzyl alcohol (4 mols.) at 120° for about 16 hours and allowing 
the water formed to distil off. The excess of alcohol was removed 
under diminished pressure; the crude ester was washed with 
dilute sodium carbonate solution, taken up in chloroform, dried 
over calcium chloride, and distilled (yield 70%). It was slightly 
coloured and fairly mobile. Purified by careful distillation, it 
boiled at 180—190°/3 mm.; n}% = 1-532] (Found: C, 66-8; H, 
6-1. CoH ,0, requires C, 67-0; Fly GFL. Yo) 

The rotation of this ester was examined for six different wave- 
lengths of light at temperatures ranging from 0—100°. In the 
case of the homogeneous substance, the examination was continued 
up to 174°. The results are shown in Fig. 1, which gives the curves 
obtained for mercury green light alone. It will be seen that the 
specific rotation of the homogeneous benzyl dimethoxysuccinate, 
which has a high value of about 115° at zero, gradually falls to 
reach a value of 68° at a temperature of 180°, the appearance of 
the curve suggesting a maximum value at some temperature 
considerably below zero and a minimum value at a temperature 
possibly in the neighbourhood of 250°. 

The influence of solvents upon this ester is also apparent from 
the diagram. Acetylene tetrabromide lowers the rotation of the 
ester considerably. m-Xylene lowers it only slightly. Nitro- 
toluene and quinoline both raise the rotation markedly. The general 
appearance of the curves is very similar to what has been observed 
already for the rotation of ethyl tartrate, but the displacement 
of a maximum or minimum value is not so obvious. 
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For purposes of comparison, the temperature-rotation curves of 
some other related compounds were examined. Benzyl tartrate 
(J., 1918, 103, 176) in quinoline has a much lower rotation than 
benzyl dimethoxysuccinate, but the general appearance of the 
curve is similar. The rotation of methyl dimethoxysuccinic acid 
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I. d-Dimethoxysuccinic acid in pyridine, p =7-8435. II. Methyl d-di- 
methoxysuccinate in quinoline, p = 5-5020. III. Benzyl d-dimethoxysuccinate 
im quinoline, p=5-1758. IV. Benzyl d-dimethoxysuccinate in o-nitrotoluene, 
p = 4:860. V. d-Dimethoxysuccinic acid in acetone, p= 15-982. VI. Benzyl 
d-dimethoxysuccinate (homogeneous). WII. Benzyl d-dimethoxysuccinate in 
m-xylene, p= 6-6875. VIII. Benzyl d-dimethorysuccinate in acetylene tetra- 
bromide, p= 3-0660. IX. Benzyl tartrate in quinoline, p = 9-4489. 


in acetone is considerably higher, but the curve is again of a similar 
form, the rotation gradually diminishing as the temperature rises. 
Dimethoxysuccinic acid dissolved in pyridine gives again a 7'-R 
eurve of a similar form, the rotation, however, being much higher. 
Methyl dimethoxysuccinate dissolved in quinoline, shows, for all 
the colours of light examined, a behaviour suggesting a maximum 
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at a temperature in the neighbourhood of zero. It is clear, however, 
that any fundamental type of curve for these different compounds 
is not displaced to nearly so great an extent as is the curve for 
ethyl tartrate. All these curves, with the possible exception of 
that for methyl dimethoxysuccinate in quinoline, suggest that the 
T—K curve would rise to a maximum at lower temperatures than 
those examined. Homogeneous ethyl tartrate and the same ester 
dissolved in a number of solvents exhibited just the opposite 
behaviour. For homogeneous ethyl tartrate and for the ester in 
some solvents, the maximum is actually apparent. In some other 
solvents such as quinoline, pyridine, and benzaldehyde, the curves 
obtained suggest that a maximum value would lie, in these solvents, 
at a much lower temperature. On plotting on a characteristic 
diagram the results obtained with methyl dimethoxysuccinate in 
the homogeneous condition and in the solvents mentioned, it is 
found that the data lie fairly well upon straight lines, which for 
green and yellow light would intersect in the neighbourhood of a 
point corresponding to the rotation + 9°. Table I gives the 
necessary data and the rational dispersion coefficients calculated 
therefrom. 
TABLE I, 


Dispersion Coefficients for Benzyl d-Dimethoxysuccinate. 


[a];/[e], is the rational dispersion coefficient for the rational zero [a] = +-9°. 


Physical state. Age [a],- [alg [aly/[a]g. 

HLOMOZCNCOUS |. Weis csc seiiseeecess _ 100° 72°72° 82-84° 0:8630 
SPI M et tales Rou niasiy scary cit 139-5 65-98 74-82 0-8659 

En uinolime ith. vss tases aaa « 0 134-9 154-59 0:8648 
by NE inet cielo a aa es tha seed 4 69-2 100-4 115-02 0-8621 

In pitrotoluene \ so ic.ssccesseaeess 13-6 127-06 145-51 0-8648 
RUN baa Uenilabis 72 95-13 108-25 0:8678 

In acetylene tetrabromide ... 14 62-25 70-62 0-8642 
Hh tis 44-2 58:77 66-63 0-8636 

In m-xylene Ail densa Uh uaeee tn eegines 43-7 83-11 95-04 0-8614 
by. /sIi nhl ora aSetahny 8 a all eb Baalais s «ail 69 76-73 87:31 0:8649 


It will be observed that the coefficient is very constant, differences 
only occurring in the third decimal place. Its mean value is 
0-8642. . 

In Table II are shown similar dispersion coefficients for the 
other substances which have been examined and it will be seen 
that the dispersion coefficient is slightly higher than before, having 
a mean value of about 0-876 when the values are calculated from 
a rational zero of + 9°. 

The data of Tables I and II have Pateranida as will be apparent 
from Fig. 1, to a region of the T-—R curves to the right of the 
maximum. It is of interest now to compare them with similar 
data for ethyl tartrate applying to 7-R curves on the other side of 
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TABLE IT. 


Dispersion Coefficients for d-Dimethoxysuccinic Acid and for Methyl 
d-Dimethoxysuccinate. 


[a]y/[a]z is the rational dispersion coefficient for the rational zero [a] = +9°. 


Physical state. i. [a]y. [a]. [a]y/[a]g- 
d-Dimethoxysuccinic acid in 
SPER Acer ieeasdeseecivaes 0° 180-96° 204-38° 0-8801 
d-Dimethoxysuccinic acid in 
RG A  cilnd as chyna Shands + 69 142-37 161-24 0-8761 
MMNLASIG Tons erisesnas tty sees sash 12 94-00 106-29 0-8737 
PAAR re S.C MOTE 30°5 91-96 103-75 0:8756 
Methyl d-dimethoxysuccinate 
BEE) CEES ores wep xuietp nse sene 0 114-55 129-40 0:8766 
Methyl d-dimethoxysuccinate 
POA MIBOENO 4) sede colt dade ss 67 105-67 119-39 0:8757 


the maximum, namely, between temperatures of 40° and 140° 
(J., 1916, 109, 119). The rational zero then found was + 7:92°, 
very close, therefore, to that (++ 9°) obtained from our present 
experiments. The mean value of the rational dispersion coefficient 
was 0-8660, again close to the values found above. Our results 
lend support, therefore, to the idea that even when the data are 
taken from 7—F curves apparently on different sides of the maximum 
rotation, the rational dispersion-coefficient shows something like a 
real constancy. 
Rotation of Nicotine. 


Since it was not found possible to vary the rotation of the 
dimethoxysuccinates as much as we had hoped, we next under- 
took an examination of nicotine, the rotation of which is known 
to vary to some considerable extent, but has not hitherto been 
examined very completely in regard to change of colour, tem- 
perature, and concentration. Previous workers have given the 
following values for the constants of the homogeneous substance : 


[aP”. Pr, 
Landolt (“Das Optische Drehungsvermégen,”’ 

Re Gat AOR ek. 161-55° 1-01101 
Gennari (Z. physikal. Chem., 1896, 19, 180) ...... 162-84 1:01071 
Byinther (2bu1:;)1007, 60; 563) ici .oe ene desedseesseed 163-85 — 
Monit 60, 1019, 105. LOG): og cicensecapernsassesoass 168-61 1-00925 


The first three purified their nicotine by vacuum distillation 
only. In the last case the nicotine was purified by means of the 
zine chloride double salt (Vohl, J. pr. Chem., 1870, 2, 331). We 
used 95% nicotine, purified it by preparation of the double salt 
with zinc chloride, decomposed this in sodium hydroxide, dried 
the nicotine over solid sodium hydroxide, and then distilled it 
under reduced pressure, using a Claisen flask with a long side arm, 
and a receiver of the type described in J. Soc. Chem. Ind., 1924, 
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43, 283, thus avoiding completely any contact of the hot vapour 
or liquid with cork or rubber. A colourless, odourless liquid was 
obtained. Two separate preparations gave: (1) [a]? 168-02°, 
dj 1-0095; (2) [a]s” 167-78°, d® 1:0100. The homogeneous 
substance was then examined for six colours of light over a range 
of temperature from 0—100°, in polarimeter tubes having a side 
arm to allow of expansion of the liquid. In order to prevent 
oxidation of the nicotine by air, a slow current of hydrogen was 
passed into the side arm. This proved entirely satisfactory; no 
coloration of the solution due to oxidation of the nicotine took 
place even at 100°, at which temperature oxidation in presence 
of air is extremely rapid. The data obtained, when plotted on a 
diagram, indicate that the change of rotation of nicotine with 
temperature is only slight, but the shape of the curves suggests 
the occurrence of a minimum at a temperature probably in the 
neighbourhood of 170° or thereabouts. 

Nicotine was then examined in a number of solvents. o-Nitro- 
toluene as a solvent diminishes to some slight extent the rotation © 
of nicotine, which is then almost unaffected by temperature change. 
In ethyl acetate, the rotation is depressed almost to the same extent, 
but not quite so much as in o-nitrotoluene, the temperature 
coefficient being again very small. «-Bromonaphthalene raises 
the rotation of nicotine, the temperature coefficient becoming 
somewhat greater at the same time—the rotation becomes more 
negative as the temperature rises. In quinoline, nicotine has a 
rotation at zero of — 152°. It falls steadily until at 100° the value 
is — 179°. This temperature—rotation curve is therefore quite in 
agreement with the others. Water raises the rotation of nicotine 
considerably, the value at zero being — 90°. Heating lowers the 
value much as in quinoline. Formamide also was used as a solvent, 
and in this case the rotation fell from — 35-6° at zero to — 77°5°. 
The formamide which we had used, however, was found to contain 
some formic acid; nevertheless, the curve obtained, as in many 
other cases, fits in along with those for the other solvents. We 
had hoped to raise the rotation of nicotine into the neighbourhood 
of [«] = 0° in order to be able to examine a definite region of 
anomalous dispersion, but we have found no “inert” solvent 
which is capable of producing this effect. It is one of the inter- 
esting things, however, about the study of optical activity in 
solution that a solvent which combines chemically with the active 
compound behaves in very much the same way as one which would 
normally be regarded as indifferent; otherwise the characteristic 
diagram would be impossible. The increase in the rotation of the 
nicotine in the experiment just mentioned was doubtless partly 
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due to the formamide itself and partly due to the action of the 
formic acid which it contained. Solution of nicotine in an excess * 
of 3:2095N-aqueous sulphuric acid raised the rotation at 0° to 
30-45°, and, on heating, the rotation gradually fell to 19-5° at 90°. 
From the data for the various solutions examined, the char- 
acteristic diagram shown in Fig. 2 is obtained. It will be seen that 
the data obtained lie in a fairly satisfactory manner on the lines 
of the diagram. The data for the rotation of nicotine in excess of 
sulphuric acid are in agreement with the others. It seems clear 


—100 ee 
—120 - 

—140 

—160 

~180 


Characteristic diagram of nicotine in OQ sulphuric acid (excess), © formamide, 
@ water, B quinoline, x o-ntirotoluene, *« homogeneous. 


from the diagram that if the rotation for green light could be made 
to take on a value in the neighbourhood of ++ 3° or 4°, the rotation 
dispersion would be visibly anomalous; the lines of the characteristic 
diagram intersect over a range. The behaviour of nicotine may 
therefore be said to be normal, inasmuch as it conforms to that 
observed for the large majority of—if not indeed for all—active 
compounds. 

When dispersion coefficients, [“]5790/[%]sag1, are calculated for 
nicotine from these data using the rational zero + 3°, the values 
found show a very fair constancy, the mean value being 0-8674. 


* Such that all the nicotine existed, presumably, as sulphate. 
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The colours of light used were as follows : 


Ty. To. y. g. b. v. 
AM cides sta 6716-3 6234-3 5790:3 5460-7 4959-7 4358-3 
Homogeneous benzyl d-dimethoxysuccinate. Densities determined: 1-1730 
at 16:4°; 1-1551 at 41°; 1:1320 at 70-75°; 1-1064 at 100°. 
t. d. [a]n. [a]re. [aly. [a]g. Lo]. [a]y. 
0° 1-1813 72°83° 85:16° 100-6° 114:17°  148-6° .193-3° 
16-3 1-1732 69-91 80-25 94-99 108-05 135-5 181-2 
44-4 1-1523 62-29 73°42 86-14 98-54 123-8 166-1 
70:5 1-1324 56-99 68-08 79°65 90-20 114-1 152-7 
100 1-1064 52-40 61-64 72°72 82-84 104-0 139-8 
139-5 1-0685 47:09 55-80 65:98 § 74-82 93-84 127-5 
174-5 1-0321 43-31 -§1:45 60-32 68-58 86:21 117-6 


Benzyl. d-dimethoxysuccinate in quinoline, p = 5:1758. 


Readings for some 


colours could not be taken at 100° owing to the darkening of the quinoline 
in solution. Densities determined : 1:0982 at 17:5°; 1:0740 at 48-5°; 1-0511 


at 76°; 1:0312 at 100°. 
t d. [cls lokv .. (leo, (lesen een 
0° 1-1148 97:05° 114:3° 134:9° 154:6° — — 
15-2 1-1020 90:64 105:3 126-6 142-9 178:8° 243-9° 
44-2 1:0775 80:33 93-96 108-7 128-0 158-4 216-1 
69-2 1-0566 72-97 84:30 100:4 115-0 142-0 198-8 
100 1:0312 67:66 73°69 — — — — 


Densities deter- 
1-0874 at 100°. 


Benzyl d-dimethoxysuccinate in nitrotoluene, p = 4:860. 
mined: 1-:1682 at 16-7°; 1:1413 at 43-4°; 1-1150 at 70-7°; 


i d. [a];,- i Be [a]y. [a]. [a]p. 
0° 1-1843 98-51° 115:2° 137-0° 155-5° 197-0° 
13-6 1-1709 90-50 107-0 127-0 145-5 184-0 
43-5 1-1411 79:13 93:2 109-0 124-2 158-4 
72 1:1139 68-53 80-4 95-13 108-3 137-1 
100 1-0874 61-12 71-2 83°45 95-8 119-0 
Benzyl d-dimethoxysuccinate in acetylene tetrabromide, p = 3-066. Densities 


determined : 2:8405 at 16-:2°; 2°7853 at 42°; 2:7184 at 72-8°; 2-6651 at 98°8°. 


t. d. [a]r,- [a]re- [aly. [a]g. [a]v- 
0° 2-8755 47:18° 53-99° 63-18° 72-48° 118-2° 
14:0 2:8452 45-40 53-73 62-25 70:62 116-2 
44-2 2-7804 43°46 49-74 58:77 66-63 111-6 
70:6 2°7238 40:59 47-42 55-92 63:34 105:4 
98-8 2-6651 38-67 44:79 53-24 60:46 100-8 
Benzyl d-dimethoxysuccinate in m-xylene, = 6:6875. Densities deter- 


mined: 0:8865 at 14:2°; 0-8630 at 42:2°; 0:8375 at 71°; 0-8122 at 99°. 


t. d. [a]r,: [a re: Daly [a],. [a]p. [aly- 
16:9° 0-8843 68-91° 77-68° 91-10° 103-5° 131-8° 175-3° 
43-7 0:8614 60-22 70°31 83-11 95:04 120-7 160-0 
69 0:8392 55:13 64:82 76:73 87:31 111-4 147-7 
98-7 0:8126 50-47 59-58 70-39 80-28 102-4 135-4 


d-Dimethoxysuccinic acid in pyridine, p = 7:8435. 


1:0137 at 15°; 0-:9865 at 41-8°; 0-9621 at 66-7°; 0-9293 at 98-7°. 


Densities determined : 


t. d. [a]r [a]; [a]y- [a]g. [a]p- [a]y. 

0° 1-0287 129-9° 152-8° 181:0° 204:4° 255-3° 336-3° 
14:8 1-0140 122-6 143-6 170-1 192-0 241-2 318-9 
46-4 0-9819 111-4 130-1 151-3 172-6 218-0 287-8 
69 0-9592 103-1 120-2 142-4 161-2 201-1 268-4 
99 0:9293 92-8 110-0 128-2 146-1 184-0 5 [243-5 
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d-Dimethoxysuccinic acid in acetone, p = 15-982. Densities determined : 
0-8558 at 21-:5°; 0-8433 at 33°; 0-8327 at 42-8°, 


t. d. [a]r,. [a]ra. [a]y. [a]g. 

0° 0:8787 70-08° 81-82° 95-36° 108-5° 
12 0-8656 70-24 80-08 94-00 106-3 
30-5 0-8459 68-15 76-52 91-96 103-8 
46-6 0:8283 65-95 73°12 88-98 100-8 


Methyl d-dimethoxysuccinate in quinoline, p = 5-502. Densities deter- 
mined: 1-1026 at 14°; 1-0804 at 40:7°; 1-0582 at 68-3°; 1-0326 at 100-2°. 


y d. [a], f onless aly. [a]. [aly 

0° 1-1138 84:-04° 97-74° 114-6° 129-4° 211°5° 
13°5 1-1030 83°54 97-05 114-0 129-4 211-7 
36°3 1-0844 81-79 94:69 111-0 125-9 208-5 
67 1:0595 77:36 88-51 105-7 119-4 198-0 
99-6 1:0332 — 80:92 98-2 110°:8 unreadable 


Benzyl tartrate in quinoline, p = 9-4489. Densities determined : 1-1080 
abt 17°; 1-0878 at 40-2; 1-0627 at 72°; 1-0408 at 98-9°. 


ae d. Gelat ? Feil s [aly. aly. 

0° 1:1213 31°34° 37°79° 43°56° 48:°88° 
13°5 1-1103 29-92 34:60 40°51 45°58 
48:8 1-:0818 25-26 30:46 34:89 38°63 
74:2 1:0610 21-95 20°73 31-69 34:86 
98-9 1:0408 21-57 25-04 30:29 32°15 


Nicotine in formamide solution. The formamide contained some formic acid 
and caused a rise in rotation in the absolute sense from that obtained with 
pure formamide, p = 18-5040. Densities determined: 1-1328 at 14:9°; 
1-:1061 at 50-8°; 1-0877 at 73-7°; 1-0660 at 99-3°. 


t. d. [alr [a]r: Pale tales [a]v. [a]y. 
O° 1:14383 —20-99° —25-57° —30-77° —36-30° —49-35° —73-88° 
16-0 1-1325 26-01 30-97 37-36 43-66 58-89 86-99 
446 1:1103 33-29 39-52 47-16 55-15 73-25 106-0 
70-4 1-:0899 39-82 47-90 56-72 66-25 87-12 124-8 
99 1:0665 47-68 56-50 66-43 76-87 102-1 144-1 


Solution of nicotine in o-nitrotoluene, p = 4:7337. Densities determined : 
11582 at 15-7°; 1-1322 at 43°; 1-1024 at 75°; 1-0789 at 99°. 


- d. ape [ary [a]. [a]g.. [a]p- 
0° 11733 - —128-4° —153-7° —184-:1° —211:0° —277-3° 
14:1 1:1598 129-4 154:5 182-1 211-0 2783 
40:8 1-1346 130-7 154:3 182-7 211-1 277-2 
74-4 1:1025 130-6 154°7 182-6 211-4 277-6 
99-2 1:0878 129-9 153-9 182-2 210°4 patel 


Solution of nicotine in quinoline, p = 9-1365. Densities determined: 1-:0888 
at 15-3°; 1-0626 at 48-9°; 1:0413 at 75-2°; 1-0217 at 99-4°. 


t. d. [a]; La]ro. [a]y. [a]g. [a]p. [aly 

0° 1-1010 —93-75° —110-3° —131-3° —151:3° —197-2° —274-9° 
17 1-:0878 96-59 114:8 137-1 158-1 205:4 287°1 
43:7 1-0665 102-4 121-0 144:5 . 166°5 216-9 302-8 
80 1-:0375 107-4 127-2 151:°6 174:9 227°8 317:6 
99-2 1-0220 109-4 129-7 154:5 178:3 226-6 324-2 
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Nicotine in a-bromonaphthalene. Some naphthalene was also present as 
impurity. No rotations could be observed at 0° owing to partial solidific- 
ation of the mixture, p = 4:3213. Densities determined: 1-4668 at LOT" s 
1:4335 at 45-2°; 1:4081 at 70-4°; 1-3788 at 100°. 

t. d. ahve [a]r. aly [alg [a]. are 
126° 1-4650 —111-4° —133-6° —163-5° —188-9° —241-2° —337-9° 
41-1 11-4367 Iit7l 139-0 166-7 191-4 244-7 342-3 
69:6 1:4085 119-9 140-3 168-1 192-6 252-2 345-9 
99-2 1-3800 121+] 141-0 167-4 194-5 254-1 343°8 


Homogeneous nicotine. Densities determined: 1-0124 at 14:8°; 0-99037 
at 41:0°; 0:9688 at 70°; 0:9449 at 99-2°. 


t. d. [a}y [alg [aly 

0° 1-0212 — 175-6° — 202-8° —371-2° 
14-2 1-0108 176:4 204-2 372°8 
39 0:9925 177:9 206-0 376°1 
71-5 0:9673 179-3 207-1 377-0 
99 0:9453 1797 207°2 377°1 


Nicotine in ethyl acetate. The rotation values for the highest temperature 
show a sudden rise in the absolute sense; this may be due in part to loss 
of solvent at that temperature, p = 10-701. Densities determined : 0-9143 
at 15°; 0:8893 at 37:7°; 0-8569 at 64-7°. 

t. d. [ Glee [a]ree [aly. [alg [a]p- [a]y- 

0° 0-:9294 —127-7° —151-0° —180-7° —208-2° —268-8° —376-8° 

15:2 0-9135 129-0 152-1 181-0 209-4 269-1 378-2 

40-8 00-8855 127-0 153-7 182-6 210-5 274-0 380-9 - 

60 0-8626 116-2 141-3 171-0 198-1 253-2 3559 


Nicotine in water, p = 9:3930. Densities determined: 1-0060 at 15-1; 
1:0003 at 32-8°; 0-9912 at 52-6°; 0-9820 at 68-5°. 
t. d. [a}ry [a}re- [aly [a]g. [a] [a] 
0°  1:0098 —54:57° —64:68° —77-15° —90-25° —119-0° —170-0° 
24:5 1-0031 58-74 70-15 83:41 97-22 127°5 182-4 
47:5 00-9935 63:07 75-40 89-69 104-4 137:3 194:7 
67:6 0:9827 68-08 80-18 95:63 111-1 144-7 205-4 


Nicotine in excess of sulphuric acid. To 35241 g. of nicotine were added 
24 c.c. of 3:2095N-H,SO,, p = 11-880. Densities determined: 1:1085 at 
13:8°; 1:0920 at 468°; 1:0798 at 67°; 1-0645 at 90°. 

t. d. [a]y,- [a]ro- [aly. [a],. [a]. [al]y- 

OF 11145 - +22-10° +25-63° +30-30° +34-46° +43-43° -+58-06° 
26-6 11-1027 18-46 21-56 25°48 29°39 37°45 49-61 
44-8 1-0931 16-41 19-30 22°86 26:23 33:06 44-56 
66-8  1-0800 14:37 16-76 20-02 22-70 28-74 38-58 
90 1-0645 12-16 14-33 17-05 19-42 24-56 32:86 


We are indebted to the Carnegie Trustees for the Universities of 
Scotland for a scholarship, and for grants which have defrayed 
much of the expense of this investigation. 
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CCCXXXIT.—p-Dimethylaminodiphenylacetic Acid. 
By Daure Stneu. 


VoRLANDER and Siepert have shown (Ber., 1906, 39, 1024) that 
barium diphenylacetate on distillation gives, together with other 
products, tetraphenylallene. The preparation of p-dimethylaminc- 
diphenylacetic acid (III) was therefore undertaken, for should its 
barium salt (I) decompose in like manner, the product, tetramethyl- 
_ diaminotetraphenylallene (II), would furnish a suitable material 
for testing van ’t Hoff’s view of the molecular asymmetry of com- 
pounds of the substituted allene type. 

NMe,:C,H NMe,:C,H “wa CeH,NMe 
ate *pitCH-CO,) Ba—> NMeurCottas Dhitass ihe aan 
The desired synthesis was effected by hydrolysing ethyl p-dimethyl- 

aminobenzilate (V), prepared by the action of p-dimethylamino- 
phenylglyoxylic ester (IV) (Guyot, Compt. rend., 1907 , 144, 1120) 
on magnesium phenyl bromide, to the corresponding acid (VI) and 
reducing the latter with hydriodic acid and phosphorus. 


OY.) NMe,CgH,CO-CO,Et —> NMe,-C,H,-CPh(OH)-CO,Et (V.) 
> NMe,-CH,-CPh(OH)-CO,H V1.) > NMe,C,H,-CHPh-CO,H (i11.) 


Difficulties, eventually overcome, were encountered in the 
Grignard reaction. The reagent readily attacked the dimethyl- 
amino-group and the whole of the ester was precipitated in the 
form of a compound. (This, on decomposition with water, 
regenerated the original ester and therefore probably had the 
constitution MgPh:NMe,Br-C,H,:CO-CO,Et ; compare Kauffmann, 
Ber., 1913, 46, 2929.) Moreover, the use of too great an excess of 
the Grignard reagent had to be avoided, otherwise the carbethoxy- 
group of the ester also was attacked and the glycol 

NMe,*C,H,-CPh(OH)-CPh,-OH (VII) 
produced. 

The best results in the desired direction were achieved by adding 
an ethereal solution of the ester (IV) to the Grignard reagent 
(25 mols.) and working up the product immediately. 

The behaviour of barium, calcium, and lead p-dimethylamino- 
diphenylacetates on dry distillation was investigated. The dry salt 
was distilled in a high vacuum in a specially designed apparatus. 
From the barium salt an oil was obtained, from which a crystalline 
Solid, having the composition of di-p-dimethylaminobenzhydryl ketone, 
CO(CHPh-C,H,:NMe,), (VIII), and p-dimethylaminodipheny]- 
methane were isolated, but none of the allene derivative (III). 
Now, although Vorlinder and Siebert obtained a considerable 
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quantity of diphenylmethane together with tetraphenylallene by 
distilling barium diphenylacetate, they were unable to detect any 
dibenzhydryl ketone. It would appear, therefore, that the presence 
of the tertiary amino-group in dimethylaminodiphenylacetic acid 
favours the formation of the ketone and prevents that of the allene. 

The preparation of ethyl phenyl-4-pyridylpyruvate, 

O;NH,:CHPh-CO-CO,Kt (IX), | 

was next undertaken. This compound is a possible source of 
phenylpyridylacetic acid, from which a substituted allene of the 
desired type might be obtained. The ester was synthesised by 
condensing 4-benzylpyridine and ethyl oxalate with potassium 
ethoxide (compare Wislicenus, Ber., 1909, 42, 1140). The acid 
produced by hydrolysing the ester was unstable and difficult to 
purify. Its sodium salt was oxidised by hydrogen peroxide with 
formation of sodium phenylpyridylacetate. The acid liberated 
from this immediately decomposed into benzylpyridine and carbon 
dioxide. 

Corresponding condensations of benzylpyridine with other esters 
such as ethyl benzoate, ethyl formate, and ethyl carbonate could not 


be carried out. 
ExPERIMENTAL. 


Ethyl p-Dimethylaminobenzilate (V).—To a well-cooled ethereal 
solution of the Grignard reagent prepared from magnesium (3 g.) 
and bromobenzene (19-5 g.) is gradually added an ethereal solution 
of ethyl p-dimethylaminophenylglyoxylate (11 g.), and the reaction 
mixture is immediately poured on to a mixture of ice and dilute 
hydrochloric acid. The aqueous layer is treated with ammonium 
chloride and ammonia and extracted with ether. From the washed 
extract, dried with potassium carbonate, an oil is obtained which 
changes to a pasty solid on scratching; this is filtered off and 
crystallised from absolute alcohol. ‘The ester thus obtained (yield 
9 g.) melts at 96—97° (Found: C, 72:1; H, 7-1; N, 45. C, .H.10.m 
requires C, 72:2; H, 7:0; N, 4:7%). It is very soluble in chloro- 
form, benzene, or acetone, less soluble in ethyl or methyl! alcohol, 
or ether, sparingly soluble in petroleum, and insoluble in water. | 

p-Dimethylaminotetraphenylethylene glycol (VII) is obtained as & 
by-product of the preceding reaction when too great an excess o! 
the Grignard reagent has been used. The yield increases con 
siderably if the reaction mixture is kept for a long time befor( 
being decomposed; and on heating, the glycol is almost the soli 
product. It is worked up in the same manner as the hydroxy, 
ester. It separates from much boiling alcohol in glistening crystals 
m. p. 193—194° (Found: C, 82-2; H, 6-4; N, 3:3. C,gH,,O05)) 
requires C, 82-1; H, 6-6; N, 3-4%), which are soluble in benzene 


be 
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acetone, chloroform or acetic acid, and sparingly soluble in ethyl 
or methyl alcohol, or ether. 
p-Dimethylaminobenzilic Acid (VI).—The ester (V) is heated under 
reflux with a slight excess of alcoholic sodium hydroxide for 4 hours, 
the alcohol evaporated, and the alkaline solution, after being 
shaken with ether to Temove unchanged material, exactly 
neutralised with dilute sulphuric acid. The acid, isolated by means 
of ether, is obtained as a crystalline solid, m. p. 50—55°, after 
drying in a vacuum desiccator (Found : C, 69-5; H, 6-5. C,,H,,0,N 
‘Tequires C, 70-8; H, 63%). It is unstable, becoming yellow and 
finally green on keeping, and yellow on warming. It is very 
soluble in most of the organic solvents, except light petroleum, but 
is recovered from the solutions in a viscous condition. 
p-Dimethylaminodiphenylacetic Acid (III).—The sodium salt of 
the hydroxy-acid (10 g.; obtained by evaporating an alkaline 
solution prepared as described above) is gently boiled under reflux 
with red phosphorus (5 g.) and constant-boiling hydriodie acid 
(50 c.c.) for about 6 hours. The diluted, filtered solution deposits, 
on cooling, colourless crystals of the hydriodide of p-dimethy]l- 
aminodiphenylacetic acid. This, after being washed with a little 
water, is exactly neutralised, in aqueous solution, with ammonia, 
methyl-orange being used as indicator. The acid is then extracted 
with ether, and crystallised from hot alcohol, Separating in silky, 
white needles, m. p. 104—105° (Found : C, 75-5; H, 6-8; N, 5-3. 
C,,H,,0,.N requires C, 75:3; H, 6-7; N, 55%). It dissolves 
readily in chloroform, acetone, or benzene, less readily in ethyl or 
methyl alcohol or ether, and is sparingly soluble in light petroleum. 
Di-p-dimethylaminobenzhydryl Ketone (VIII).—In a glass tube, 
Sealed at one end and provided with an air-tight glass stopper at 
the other, is placed a cylindrical copper vessel filled with 2 g. of 
barium p-dimethylaminodiphenylacetate, thoroughly dried at 
150—160°. The tube is connected by means of a side tube with a 
charcoal-liquid air vacuum apparatus, which can communicate by a 
three-way tap with a Fleuss pump or with the atmosphere. The - 
Whole apparatus igs evacuated first with the pump and then by 
means of the charcoal cooled in liquid air. Heating is effected by 
4 metal bath, and the distillation is continued so long as reddish- 
brown oil collects in a bulb blown in the tube near its sealed end. 
The oil is washed with acetone. The washings slowly deposit a 
White solid, which crystallises from much boiling alcohol in thin 
acedles, m. p. 190° (Found : ©, 83-5, 83-3; H, 7:25 7-1, C;,H3,0N, 
equires C, 83-0; H, 7-1 %). The ketone dissolves readily in chloro- 
orm or carbon disulphide, is fairly easily soluble in ether or petroleum, 
€ss soluble in benzene or acetone, and very sparingly soluble in 
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ethyl or methyl alcohol. Its behaviour towards ketonic reagents 
was not examined, as the less complex dibenzhydryl ketone was 
known to be inert towards hydroxylamine, phenylhydrazine, and 
semicarbazide (Vorlinder and Rack, Ber., 1923, 56, 1126). 

The oil remaining after the ketone has been removed is fractionally 
distilled; the greenish-brown oil that passes over at 175°/2—3 mm. 
solidifies when cooled and scratched. By crystallising it trom 
petroleum, p-dimethylaminodiphenylmethane (Limpricht, Annalen, 
1899, 307, 310) is obtained in thin leaflets, m. p. 31° (Found : 
CG, 85-6; H, 8-0. Calc., C, 85:3; H, 8:0%). 

Ethyl Phenyl-4-pyridylpyruvate (IX).—To a solution of potassium 
ethoxide (1 g. potassium) in 4 g. of alcohol are added in turn ether 
(20—30 c.c.), ethyl oxalate (3°8 g.), and 4-benzylpyridine (4°3 g.; 
1 mol,). After 12 hours, the yellow potassium salt that has been 
deposited is decomposed by a slight excess of glacial acetic acid, 
ice-water added, and the ester together with the uncondensed 
material extracted with ether. From the washed and dried extract 
a solid is obtained which separates from alcohol in glistening, 
yellow crystals, melting at 123—124° to a yellowish-green liquid. 
(yield about 33%) (Found: C, 71:3; H, 5-7; N, 5-4. Cy gH,;03N 
requires C, 71-4; H, 5-6; N, 5:2%). The ester is fairly easily 
soluble in benzene, chloroform, or acetone, less solubie in ethyl 
or methyl alcohol, sparingly soluble in ether, and insoluble in light, 
petroleum. 

The ester is left over-night in a cold dilute alcoholic solution of 
sodium hydroxide, water is then added, and the unchanged material 
removed with ether. The alkaline solution is acidified with acetic 
acid and shaken with chloroform. The chloroform in the extract is 
evaporated in a current of air, and the residue is freed from acetic 
acid by soda-lime in a desiccator. Phenyl-4-pyridylpyruvic acid is 
thus obtained as a yellow oil which solidifies when rubbed with 
benzene or crystallised from alcohol. It turns green at 100° anc 
melts indefinitely at 110° (Found: C, 72-7; H, 5:2; N, 6-1| 
C,,H,,03N requires C, 69-7; H, 4:6; N, 58%). The acid is ver} 
soluble in alcohol, acetic acid, or acetone, less soluble in benzene, an¢ 
very sparingly soluble in light petroleum. 

Phenylpyridylpyruvie acid oxime hydrochloride 1s obtained b 
mixing equivalent quantities of hydroxylamine hydrochloride an! 
sodium phenylpyridylpyruvate in aqueous solution ; crystals 
m. p. 52—53°, of the hydrochloride are deposited after 12 hour 
(Found: C, 57-4; H, 4:3. C4H,,.0,N,,HCl requires C, 57-4) 
H, 4:4%). | | 

Sodium Phenyl-4-pyridylacetate.—On addition of the calculate 
quantity of hydrogen peroxide (30%) to an aqueous solution | 
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sodium phenylpyridylpyruvate, there is a rapid evolution of gas; 
the colour is completely discharged in about 1 hour. The solution 
of the sodium salt thus obtained, on being acidified, gives some 
4-benzylpyridine, which is probably produced by decomposition of 
phenylpyridylacetic acid. 

N—C:CHPh'C;NH, __ 
NH-CO 
Alcoholic solutions of equimolecular quantities of ethyl phenyl- 
4-pyridylpyruvate and o-phenylenediamine are heated together on a 
water-bath for 2 hours; the solid that separates is washed, 
and crystallised from hot pyridine; m. p. 294—295° (Found : 
C, 76-7; H, 4-8; N, 13-0. C,9H,,;ON, requires C, 76-7; H, 4:8; 
N, 13-4%). 


2-a-4-Pyridylbenzyl-3-quinoxalone, Cg,H,< 


This work was carried out under the supervision of Dr. W. H. 
Mills, F.R.S., and the author is indebted to Prof. Sir William Pope 
for providing facilities in the laboratory. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, July 30th, 1925.] 
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Selenium as a Chlorine Carrier. By OswaLp SILBERRAD and 
CHARLES A. SILBERRAD. 


THE observations (Silberrad, C. A. Silberrad, and Parke, this vol., p. 
1724) that selenium acted as a catalyst towards sulphuryl chloride 
in a perfectly normal manner, 7.e., midway between tellurium and 
sulphur, and that the catalysts examined appeared to behave as 
chlorine carriers rather than as dissociation catalysts made it of 
interest to reinvestigate Willgerodt’s work (J. pr. Chem., 1885, 
31, 539; 1888, 34, 264) on direct chlorination, which led him to the 
conclusion that selenium does not act, in that case, as a chlorine 
carrier at all. 

To this end dual experiments were conducted. Chlorine (1 mol.) 
was passed into boiling toluene (1) without and (2) with the addition 
of selenium chloride; each experiment was repeated (a) in total 
darkness and (6) in an apparatus so arranged that the vapour was 
exposed to light; the quantities of chlorotoluene and benzyl 
chloride produced were determined as recently described (loc. cit.). 
The results were as follows : 
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Composition of product %. 


Ratio 
, Chlor- Tolu- Chloro- Benzyl Chlorotoluene/ 
Conditions of expt. dy. ine. ene. toluene. chloride. benzyl chloride. 
(a) In total darkness. 
No catalyst ............ 0-961 12:4 55-8 2:7 41-5 0-065 
With selenium (1-0 g. 
OF DeCh Fy Scud ode 0-983 15:8 43-4 33:7 22-9 1-472 
(6) Vapour exposed to light. | 
No: catalyst \..2)..se.4 0:988 16:2 42:3 10:6 47-1 0-225 
With selenium (0-3 g. 
OF BoC ye sir anene's 1-004 18-3 34:6 29-5 35-9 0-82 


* The selenium chloride was prepared by passing dry chlorine over the 
element, with which, contrary to the literature (Sacc, Ann. Chim. Phys., 
1848, 23, 124), both varieties react at the ordinary temperature, passing 
through the mono- to the tetra-chloride. 


From these results it is evident that, contrary to the literature, 
selenium does act as a carrier in direct chlorination; its presence 
not only raises the ratio of nuclear to side-chain substitution, but 
also, to a lesser extent, increases the amount of chlorine which enters — 
into combination in a given time.—THE SILBERRAD RESEARCH 
LABORATORIES, BucKHURST Hitz, Essex. [Received, August 11th, 
1925.] 


A Simple Form of Gas Circulating Apparatus. By A. R. PEARSON 
and J. 8S, G. Tuomas. 


For circulating a volume of gas through a closed system, apparatus 
depending on the force-pump 
principle has been described by 
. Bone and Sarjant (Proc. Roy. Soc., 
1919, 96, A, 126) and by Davis, 
Place, and Edeburn (Fuel, 1925, 
4, 290); in each case the piston is 
mercury contained in a U-tube. 

A prime mover for the mercury— 
U-tube type of circulating pump 
can be made very simply from 
ordinary laboratory apparatus, 
utilising the principle of the hot- 
air engine (see Griffiths, “‘ The 
Thermal Measurement of Energy,” 
1901; ‘jp. 50). ° The complete 
apparatus is shown in the figure. 

INCHES The bulb A is heated by a burner, 
and when a pressure difference of two or three inches is indicated 
by the U-tube the mercury is set in oscillation by quickly opening 
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and closing the tap, T, in such a way that the pressure in the hot 
bulb is suddenly reduced as nearly as possible to equality with that 
on the other side of the U-tube. The mercury will then continue 
to oscillate as long as heat is supplied to the bulb, and by the opera- 
tion of the glass valves, V, or other suitable valves, gas can be forced 
through the system in the direction of the arrows. To ensure 
regularity of operation, suitable dimensions must be chosen for the 
mercury column and the hot bulb. With the dimensions shown, the 


_ apparatus drives about 2 cubic feet of gas per hour against a total 


back pressure of about 3 inches of ,water—SoutH MrtTrRopoLitaN 
Gas Co., Lonnon, 8.E. 15. [Received, July 15th, 1925.] 


The Action of Metals on Dipentene Dihydrohalide. Preparation of a 
Synthetic Diterpene. By Kenneru Coarites ROBERTS. 


ALCOHOLIC solutions of cis- and trans-dipentene dihydrobromide 
and of trans-dipentene dihydrochloride were each shaken at room 
temperature with molecular silver until reaction was complete, 
this being indicated when no precipitate was formed on dilution 
of a portion of the reaction mixture with water. The action of 
finely-divided copper was tried in the same way. (The action of 
sodium was investigated by Montgolfier, Ann. Chim. Phys., 1880, 
19, 155). Inno case was metal halide formed. There was therefore 
no condensation, but simply loss of halogen acid and production 
of dipentene. This polymerised to a diterpene, which was isolated 
as a colourless, highly viscous liquid with a faint terpene-like odour, 
b. -p. 173—183°/13 mm., n?” 1-5170, d 0-9361 (Found: 
C, 88-4; H, 12-0; M, 273, 266; iodine value, 103. CoH. requires 
C, 88-2; H, 11-89%; M, 272; iodine value, for one double linking, 


_ 94). $-Camphorene has b. p. 170—180°/10 mm., np 1-5180, and 


d* 0-9300 (Semmler and Rosenberg, Ber., 1913, 46, 768).— 
Universiry oF Oraco, NEw Zeatanp. [Received, August 11th, 
1925.] . 


CCCXX XIII. — Negative Adsorption. The Surface 


Tensions and Activities of Some Aqueous Salt Solutions. 
By Artaur KENNETH GoaRD. 


IN previous communications (Goard and Rideal, this vol., pp. 780, 


_ 1668) experiments were described dealing with the surface tensions of 


aqueous solutions of phenol containing sodium chloride, and the 
advantage of applying the Gibbs adsorption equation in its strict 


form, employing activities of the solute instead of its concentration, 


4N 2 


- 
= 
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was pointed out. Another case in which such a procedure is likely 
to prove fruitful is that of aqueous solutions of inorganic salts, 
which raise the surface tension of the solvent, being consequently 
negatively adsorbed at the surface of the solution. Little or no 
attempt seems to have been made hitherto to determine the magni- 
tude of this negative adsorption. Langmuir (J. Amer. Chem. Soc., 
1917, 39, 1848) has discussed the subject briefly, from the point of 
view of the orientation theory of surface tension. He considers that 
the surface of an aqueous salt solution probably consists of a single 
layer of oriented water molecules, and, from a few data on the 
surface tensions of potassium chloride solutions, concludes that the 
length of such an oriented water molecule is about 4 A.U. He adds 
further that though different salts raise the surface tension of 
water to different extents, “‘ these differences seem to be almost 
wholly accounted for by differences in the degree of electrolytic 
dissociation.’’ 

The data upon which Langmuir based this generalisation are: 
somewhat scanty; and it seemed desirable to investigate this 
matter more fully, using wide ranges of concentration in order to 
determine whether the thickness of the adsorbed layer is independent 
of the concentration, and of the nature of the salt, as would seem 
to be necessary on Langmuir’s view. 

The salts chosen for this purpose were the chlorides of lithium, 
sodium, and potassium, cadmium chloride, and silver nitrate. For 
the first three salts, activity data are available up to the most 
concentrated solutions (compare Harned, ibid., 1922, 44, 252). The 
activity coefficient of cadmium chloride has been calculated by Lewis | 
(G. N. Lewis and Randall, “ Thermodynamics,” New York, 1923) 
from the electromotive force measurements of Horsch (J. Amer. | 
Chem. Soc., 1919, 44, 1787). This salt is unusual, in that the 
activity coefficient falls extremely rapidly as the concentration 
increases, dropping to 0-219 at a molarity of 0-0995 and to 0-025 at 
a molarity of 6-62. Commenting on this, Lewis remarks: “ Cad- | 
mium chloride cannot be regarded as a strong electrolyte. It 
possesses in a lesser degree the characteristics of the analogous | 
substance, mercuric chloride, which shows almost no ionisation.” : 
Unfortunately, no data are recorded for the activities of solutions | 
between the two concentrations given above. Owing, however, | 
to the comparatively small change of activity of the salt, it is 
possible to obtain fairly accurate values by means of graphical | 
interpolation (assuming, of course, that the activity coefficient | 
decreases continuously over this interval). Finally, provisional | 
values for the activity coefficient of silver nitrate are given by | 
Lewis, calculated from freezing-point measurements, and uncor- 


ae 


AND ACTIVITIES OF SOME AQUEOUS SALT SOLUTIONS. 2453 


rected for heat of dilution. They cannot therefore be regarded as 
strictly accurate save near the freezing point. 

The surface tensions of the solutions were determined by the 
drop-weight apparatus previously described (Goard and Rideal, 
loc. cit.). Pure specimens of all the salts were obtained, except of 
lithium chloride, which gave a slightly alkaline solution. With 
this salt, therefore, the aqueous solution, after filtering, was evapor- 
ated to dryness and gently baked, the residue being subsequently 
dissolved in water and a little hydrochloric acid, and the salt 
recrystallised. 

The solutions were kept over-night in a long vertical tube; a few 
c.c. were then run out from the lower end of the tube, and the 
supply bottle of the apparatus was subsequently filled. The 
apparatus was cleaned with hot chromic acid every time a fresh 
solution was employed. 

The drop weights given in Table I are the means of several 
determinations, agreeing within 0-1%. The densities of the solu- 
tions were taken from Landolt’s tables. All measurements were 


TABLE [. 


The Surface Tensions (a) of Aqueous Salt Solutions at 20°. 
Moles Mean Moles Mean 


of salt wt. (g.) c of salt .wt. (g.) o 
per of ten (dynes / per of ten (dynes / 
litre. drops. Density. cm.). litre. drops. Density. cm.). 
Lithium chloride. Cadmium chloride. 
1-08 0-9353 1-024 74-74 0-471 0-9237 1-068 74-04 
1-94 0-9538 1-044 76-22 0-942 0-9303 1-136 74-67 
3°51 0-9931 1-078 79-46 2-36 0:9554 1-344 76-80 
: P 3°49 0:9823 1-543 79-20 
Sodium chloride. 4-71 1-0108 1-672 82-10 
1-00 0-9343 1-036 74:78 : : 
2-00 0:9544 1:077 76-51 Silver nitrate. 
3-22 0-9819 1-110 78-73 1-00 0:9257 1-118 74:37 
5-00 1-0277 1-118 82-20 2-00 0-9360 1-236 75-23 
: : 3:00 0:9437 1-348 75:94 
Potassium chloride. 5-00 0-9721 1-402 77-69 


1-00 0-9316 1-044 74-55 

2-00 0-9503 1-088 76-13 

3:00 0:9681 1-129 77:77 

3°80 0-9832 1:182 TOT 
made at 20°. The salt content of the solutions was checked by 
titration. The surface tensions were calculated by Iredale’s method 
(see Goard and Rideal, loc. cit.). 

The form of the surface tension—concentration curves obtained 
from these figures is similar, in the case of the three alkali chlorides, 
to that described by previous observers (compare a collection of 
data made in 1920 by Stocker, Z. physikal. Chem., 94, 149), 7.e., 
the curves exhibit throughout a slight convexity towards the 
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concentration axis. With cadmium chloride and silver nitrate, 
however, the curves are initially concave towards this axis, up to 
a point of inflexion, which occurs with the former salt at a concen- 
tration of 2-2 molar, and with the latter at about 2-5 molar. Beyond 
these points, the curves are convex to the concentration axis. 
These would seem to be the only cases of such a relationship which 
have so far been observed. With silver nitrate, neither portion 
of the curve exhibits such pronounced curvature as obtains 
with cadmium chloride; the point of inflexion is nevertheless 
unmistakable. 
Determination of the Surface Adsorption. 


The negative adsorption, T, at the surface of these solutions was 
determined by plotting the surface tension against the logarithm 


Fie. 1. 


r x 10" (moles per cm.?). 


Ao (dynes per cm.). 


of the activity of the salt; I’, which is proportional to the slope 
of this curve, was measured by drawing tangents. The activity 
coefficients of the first four salts in Table I were measured at 25°; 
the change in the coefficient over five degrees of temperature, 
however, may be considered to be negligible. 

Owing to the approximation to a linear relation between surface 
tension and concentration, it was possible to read off with con- 
siderable accuracy values of the surface tension intermediate 
between those given in the above table. Since, however, the 
logarithm of the activity tends to an infinite negative value as the 
concentration approaches zero, direct determination of the slope 
of the surface tension—log. activity curve became inexact at low 
concentrations. It was found that if I’ were plotted against the 
elevation of the surface tension, a smooth curve was obtained which 
could be extrapolated back to low concentrations with fair accuracy. 
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On the “ kinetic ” view of surface films, such a procedure is analogous 
to plotting the reciprocal of volume against pressure (compare 
Langmuir, loc. cit.). 

The results obtained with sodium chloride are shown in Fig. 1. 
Similar results were obtained with the other alkali chlorides. 

In Table II, values of the negative adsorption, I, are given 
together with the corresponding molarities (moles of salt per 1000 g. 
of water). In the third column are given values of the thickness 
of the adsorption layer, calculated from the equation 7 = 10001'//, 
where M = the salt concentration in moles/litre. Some discussion 
of the meaning of 7 is given in the sequel. 

Fig. 2 shows the values of + plotted against the molarity of salt, 
for solutions of the three alkali chlorides. 


TaBie I. 
Adsorption at the Surface of Aqueous Salt Solutions. 
Cece Pye 10M rx LOH 
Mol- (moles/ T Mol- (moles/ T Mol- (moles/ T 
arity. cm.?). (A.U.). arity. cm.?). (A.U.). arity. om.?). (A.U.). 
Inthium chloride. Sodium chloride. Potassium chloride. 
0-1 0-55 5:5 0-1 0:60 6-0 0-1 0-40 4-0 
0:2 1-05 5:25 0-2 1-15 5:75 0-2 0-83 4-2 
0-5 2-10 4-25 0-5 2-30 4:7 0-5 2-15 4-4 
1-0 3-19 3:2 1-0 3°65 3°75 1-0 3°75 3°85 
2-0 4-63 2:3 2:0 5-9 3:05 2-0 6-10 3°25 
3-0 5:90 2-1 3:0 7:6 2-7 3-0 8-05 2:95 
4:0 9-35 2-55 4-0 9-8 2:75 
5-0 11-0 2-45 


The results obtained with cadmium chloride are extremely 
interesting. Fig. 3 shows the adsorption coefficient plotted against 
the rise of surface tension. The curve exhibits two well-marked 
points of inflexion, and its earlier and later portions are coincident 
with two curves of the type shown in Fig. 1; these curves are dotted 
in the diagram and labelled I and II respectively. 


TaBue III. 
Cadmium Chloride Solutions. 
Tex LOT T Di 1 OF T 
Mol- (moles/ actual Mol- (moles/ actual 
mraty. ¢m,*), (4.U.).. 72. ty. arity. om). (A.U.). cr. Ti: 
0-05 0:34 6-8 6:8 —~ 2-0 9-1 4:9 2:2 53 
0-1 0-60 6-0 6-0 — 3-0 13-8 5-1 — 5-2 
0-2 1-04 5-2 5-2 = 4-09 0,.5' 17-6 5-1 — 6:2 
0:3 1-46 4-9 4-9 — 5-0 21-2 5-1 — 5-1 
0-5 2-08 4:25 4-2 74 662 26-1 5-0 — 5-0 
1-0 3°74 3-9 3-1 6-0 
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The values of 7, of course, exhibit the same anomalies. In 
Table III, column 3 gives the actual values of 7; column 4 gives 
the values of 7 derived from curve I of Fig. 3, column 5 the values 
derived from curve II. If these be plotted against molarity, it 
will be seen that the actual 7 curve is coincident in its earlier and 
later portions with two curves of the type exhibited by sodium 
chloride in Fig. 2. 

The results obtained with silver nitrate are in some respects 
similar to those given by cadmium chloride. Values of I, plotted 
against the elevation of the surface tension, lie on a curve of normal 
type up to a molarity of 2; beyond this point, they increase at an 
abnormal rate, as do those of cadmium chloride. In this case, 
however, the increase is so great that it indicates that the activity 


re ie. FIG. 7s 


TAAL spo 


r x 1041 (moles per cn 


Molarity. 
Ao (dynes/cem.). 


data are inaccurate at high concentrations. This was to be expected, 
in view of the fact that they are uncorrected for heat of dilution. 
Nevertheless, seeing that the form of the surface tension—concen- 
tration curve resembles that given by cadmium chloride (vide supra), 
it is probable that the abnormal increase of T at high concentrations 
is to some extent real, though exaggerated by the inaccurate activity 
values. 


TABLE IV. 
Silver Nitrate Solutions. 
r x 104 T r x lou T 
Molarity. (moles/cm.?). (A.U. 7 Molarity. (moles/cm.?). (A.U. ). 
0-1 0-55 5-5: 2-0 5-4 2-8 
0-2 1:15 5:75 3:0 8-0 2°8 
0-5 2-4 4-9 4-0 (43) (12) 
1-0 3:9 4-0 5:0 Very high Very high 


AND ACTIVITIES OF SOME AQUEOUS SALT SOLUTIONS. 2457 


Discussion of Results. 


It is evident that the values which have been obtained for the 
adsorption coefficients, and for the thicknesses of the adsorbed 
layers, are not such as to lead to the conclusion that the surface 
layer of different salt solutions consists of a single layer of oriented 
water molecules, since the thickness, r, is independent neither of 
the concentration nor of the nature of the salt. This thickness 
represents of course the distance of the solute boundary from the 
surface of the solution, assuming that the concentration gradient 
at the solute boundary is infinitely steep. Such calculation of + 
does not discriminate between ions of opposite sign; assuming, 
however, that the distribution of the chlorine ions in the solutions 
of the three alkali chlorides is the same, it would appear that the 
lithium ion comes nearest to the surface, the order followed by the 
ions being that of their atomicradii. It is possible that the decrease 
in the values of 7 as the concentration of the solution increases is 
due to the “ water shells ” with which the ions have been supposed. 
to be surrounded (compare Born, Z. Physik, 1920, 1, 221; also 
Lorenz, Z. Elektrochem., 1920, 26, 424) becoming smaller or more 
tightly packed. 

Some experiments upon the nature of the negative adsorption 
layer have been recently made by Frumkin (Z. physikal. Chem., 
1924, 109, 34), who, however, deals chiefly with anions. Values 
are given in his paper for the adsorption of the three alkali chlorides 
in 2NV-solution, which are in fair agreement with those given here. 

In considering the phenomena exhibited by cadmium chloride 
solutions, it seems difficult to avoid the conclusion that we are 
dealing with two molecular species. Knowing cadmium chloride 
to be a weak electrolyte, we may be fairly confident in ascribing the 
earlier portion of the adsorption curve to the influence of ions, 
and the later portion to that of molecules. 

The resemblance of the surface tension—concentration curve of 
silver nitrate to that of cadmium chloride also indicates the existence 
of molecules in concentrated solution, though the activity data are 
not sufficient to warrant a definite conclusion. 


Summary. 


The negative adsorption at the surface of aqueous solutions of 
lithium, sodium, potassium, and cadmium chlorides, and of silver 
nitrate, has been determined over wide ranges of concentration, 
employing original surface tension determinations, by the drop- 
weight method, and activity data from various sources. The 
results obtained are not in harmony with the coer thes the 

N 


2458 BURKHARDT, LAPWORTH, AND WALKDEN : 


surface of these solutions consists of a single layer of oriented water 
molecules, as has been supposed by Langmuir; since the mean 
thickness of the adsorbed layer varies with the concentration of the 
solution and with the nature of the salt. ) 
Evidence is adduced which indicates that in concentrated. solu- 
tions of cadmium chloride, and possibly of silver nitrate, the adsorp- 
tion is determined by undissociated molecules, as well as by ions. 


The author wishes to thank Dr. E. K. Rideal for the helpful 
interest he has taken in this work during its prosecution. 


LABORATORY OF PHYSICAL CHEMISTRY, 
CAMBRIDGE. [Received, June 3rd, 1925.] 


CCCXXXIV.—Polarity Theories and Four-membered 
Rings. The Non-existence of 2:3:3-Triphenyl- 
methylene-1 : 2-oxaimine. 


By Grorce Norman Burkuarvt, ARTHUR LAPWORTH, and JAMES 
WALEDEN. 


Ingoup and WEAVER discussed the formation of a four-membered 
ring compound from phenylazocarboxylic ester and diphenylketen 
(this vol., p. 378) and added in a footnote: “ The direction of this 
addition conforms to the theory of alternate polarities, unlike 
many of the cases previously discussed” (compare, for instance, 
Ingold and Weaver, J., 1924, 125, 1456). 

It has since been shown (this vol., pp. 1747, 2234) that in most 
of the cases there alluded to it is the experimental data and the 
interpretation thereof which were at fault and not the theory of 
alternate polarities. Only one case investigated by Ingold and 
his co-workers remained which offered any difficulties from the 
point of view of polarity theories, and this is now dealt with. 

This last case concerns the action of nitrosobenzene on as-dipheny]l- 
ethylene. Ingold and Weaver (J., 1924, 125, 1461) obtained a 
compound which in its stability towards permanganate and its 
general properties (except thermal division) closely resembled those 
of the “‘ dimethyleneoxamines ”’ described in the same paper. The 
compound was assigned the formula CPh, <p pp>0 (I.) and its 
formation was held to constitute evidence against the theory of 
induced alternate polarities. In order to explain why the present 
authors remained sceptical of this formula, it will be simplest to 
deal with first principles, which tend to be overlooked in discussions 
of secondary details. 
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Lapworth suggested that many reactions in organic chemistry 
are due to formation and decomposition of complex ions (J., 1901, 
79, 1266). It is not a long step from this elementary conception 
to the idea that two molecules A and K, in one or both of which 
polarisation occurs, may unite with each other to form a bipolar 
ion GA—KO©, provided that the residues @A and K© have 
sufficiently high affinities for their respective charges.* 

According to Robinson’s theory of polarisation in nitrosobenzene, 
addition of an ion, whether charged negatively or positively, to the 
nitroso-group should normally take place at the nitrogen atom 
(Chem. and Ind., 1925, 44, 456). 

Lapworth has deduced from the properties of ethenoid hydro- 
carbons (compare ibid., p. 228) certain conclusions which can be 
expressed in the following terms: (a) such hydrocarbons normally 
form positively charged ionic residues, and (b) the positions at 
which they combine with other ions and molecules in forming such 
ionic residues are those corresponding with the reactive positions 
as required by Thiele’s theory. 

A combination of these theories leads to the view that the first 
step in the union of the nitroso-group of nitrosobenzene and the 
ethylenic carbon pair of as-diphenylethylene is the bipolar ion (IT). 


@ 
Ph,C=CH, ] Ph,C—CH, 
K racket ; : (II.) 
PhN=o | PhN—O—6 


Normally (II) would change into CHPh,-CH:NPh‘0, the customary 
formula for a nitrone being employed. 

The formula of the hypothetical first complex is given here in 
the simplest possible form, and recondite details such as those of 
possible preliminary activation of one or both of the two reacting 
molecules, partial versus whole valencies, conjugation phenomena 
within the complex bipolar ion, and the localisation or dispersion 
of the positive charge over the diphenylcarbonium system, Ph,c—, 
must be omitted from this short statement. 

It was evident, therefore, that if the compound obtained by 
Ingold and Weaver had the constitution which they ascribed to it, 
some entirely novel factor had caused the complete inversion of 


* This is expressed in terms of the electro-affinity theory of Abegg and 


_ Bodlander. There are various alternative modes of expressing the idea: for 


a * 


example, “ MA and K© must represent residues of sufficient stability, in 
the sense of large entropy.” Thus OA has stability when it represents the. 
residue of an ammonium ion. : 
Throughout the present paper the signs © and © are used to denote 
electrical charges, not latent polarities or key-atom signs. 
4N* 2 
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the normal properties either of the nitroso-group or of the hydro- 
carbon molecule. Such a conclusion was-one which could not 
be accepted without the most stringent proof. 

The present authors therefore prepared the compound descr bed 
by Ingold and Weaver and observed in the first place that when 
in solution in weak methyl alcohol it was easily oxidised in the 
cold by ferric chloride, so that after subsequently diluting, extract- 
ing with ether, and evaporating the latter at the ordinary tem- 
perature, a marked odour of nitrosobenzene became perceptible. 
This rendered it highly improbable that an “ oxaimine ”’ ring was 
present. 

It was next proved that the compound was totally different in 
properties from NV -phenyl-as-diphenylacetaldoxime, 

CHPh,°CH:NPh:O, 
which was made in small quantity from as-diphenylacetaldehyde 
and N-phenylhydroxylamine, melted at a much lower temperature, 
and gave phenylcarbylamine when heated. 

There remained only one conceivable explanation, namely, that 
the compound described by Ingold and Weaver had been formed 
as the result of a complex reaction in which a carbon atom had 
been lost, just as when styrene yields N -phenylbenzaldoxime 
(Ingold and Weaver, loc. cit., p. 1462). This idea could not, of 
course, be reconciled with the statement that the compound on 
thermal division gave benzophenoneanil and formaldehyde (loc. 
cit., p. 1461); but Ingold and Weaver did not specify the tests by 
which the formation of the latter was proved or the yield obtained. 
The compound when heated in an open test-tube certainly does give 
a pungent odour, but this is easily recognised as that of nitroso- 
benzene, evidently formed by a side reaction. 

The analytical figures found by Ingold and Weaver are in even 
better agreement with the formula of NV -phenyldiphenylnitrone, 
CPh,:NPh‘0, than with the formula (I) which they deduced. This 
nitrone had previously been made by Angeli, Alessandri, and 
Aiazzi-Mancini (Atti R. Accad. Lincei, 1911, 20, i, 546) by the 
oxidation of 8-phenyl-8-diphenylmethylhydroxylamine and later by 
Staudinger and Miescher (Helv. Chim. Acta, 1919, 2, 568) by the 
action of nitrosobenzene on diphenyldiazomethane. The present 
authors prepared it by both methods, and found it to be identical 
in all respects with the compound described by Ingold and Weaver. | 
The tests used were: mixed melting points, crystalline form, 
general qualitative behaviour towards solvents, production of nitroso- 
benzene by oxidation with ferric chloride in the cold as well as 
by heating in a test-tube. 

It is clear, therefore, that nitrosobenzene acts upon as-diphenyl- 
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ethylene in very much the same way as it acts upon styrene and 
allied compounds, and in this connexion reference may be made to 
the work of Alessandri (Gazzetia, 1924, 54, 426 et seq.). 

Conclusion.—It has already been shown that there is no evidence 
of the formation of four-membered rings at any stage during the 
reaction of nitrosobenzene with (a) methylenemalonic ester (this 
vol., p. 1747) or (b) methylenearylamines (ibid., p. 22384). The only 
remaining case investigated by Ingold and his co-workers and cited 
as an instance of four-membered ring formation proceeding in a 
direction contrary to the requirements of the theory of alternate 
polarities is the one dealt with in the present paper and here, as in 
the cases (a) and (b), such facts as have been fully established are 
in complete harmony with Robinson’s theory of polar reactions 
of nitrosobenzene (Joc. cit.) and in general with electrochemical 
conceptions of organic chemical reactions (compare Lapworth, 
ibid., p. 228, and present paper). 


THE UNIVERSITY, MANCHESTER. [ Received, July 28th, 1925.] 


CCOXXXV.—The Distribution of Pyridine betwee 
Water and Benzene. 


By Rownanp Marcus WoopMAN and ALEXANDER STEVEN CORBET. 


THE present paper deals with the distribution of pyridine between 
the two immiscible solvents water and benzene. The results given 
in the table and plotted on the triangular diagram show that the 
system water—pyridine—benzene constitutes an example of a pair 
of partly miscible liquids. 

Over the range 0—6% of pyridine in the total system, the ratio 
of the weight percentages of this liquid in the benzene and water 
layers is about 2-7. This ratio then decreases with increasing 
concentration of pyridine, the system behaving, over a long range, 
in accordance with the system water—phenol-benzene (Rothmund 
and Wilsmore, Z. physikal. Chem., 1902, 40, 611; Philip and Clark, 
this vol., p. 1274). Then the ratio, after reaching a minimum of 
0-8, rises again, finally to reach unity at the critical point. 

This behaviour is unusual, and results in change of direction of 
the slope of the tie lines. It is in good agreement, however, with 
the densities obtained for the layers, for the curve showing densities 
of layers against pyridine content is very similar to the triangular 
composition curve, the density tie lines showing the same changes 
of slope, and the critical points on both diagrams corresponding. 

Wright (Proc. Roy. Soc., 1892, 50, 372) gives triangle curves for 
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the system lead—tin-zine which show the same changes of slope of 
tie lines, the curve at 650° especially behaving practically as that for 
the present system in this respect. He noticed that the upper tie 
lines converged together thus and regarded this as due to the 
formation of a definite compound of tin and zine. A similar 
explanation of compound formation between solute liquid and one 
of the solvent liquids would possibly suffice for the present analogous 
system; it is worthy of note that the water layers, which were at 
first turbid, cleared with increasing concentration of pyridine, the 
benzene layers showing opposite behaviour. 


Benzene 


EXPERIMENTAL. 


The benzene was purified in the usual manner and boiled at 
80-35—80:5°. The pyridine was “‘ B.D.H. pure.” 

The densities of water, benzene, water saturated with benzene 
at 25°, and benzene saturated with water at 25° were all determined 
at 25°. The first and the third, and the second and the fourth, 
exhibited differences of a unit or so only in the third decimal place. 
For the purpose of the diagram, therefore, it could be assumed 
that no conjugate solutions were formed in the system benzene 
and water. 

Measured volumes of benzene, water, and pyridine were placed 
in stoppered graduated cylinders. The mixtures were maintained 
at 25° in a thermostat for 6 hours, and were vigorously shaken 
periodically. After a final shaking, the stopper was removed from 
a cylinder and, after allowing a further 5 minutes in the thermostat, 
the volumes of the layers were noted. 
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Known volumes of the two layers were then pipetted into tared 
flasks, further weighings making possible calculation of the densities 
of the layers at 25°. 

The pyridine was readily determined (in absence of ammonia or 
other bases) by titration with normal acid and methyl-orange 
(Allen’s “‘ Commercial Organic Analysis,” 1912, VI, 138). When 
much benzene was present, water was added to the sample, and the 
course of the titration observed in the aqueous underlayer. 

The estimation of the benzene (for which no accurate method 
could be found) was more difficult. Advantage was taken of the 
slight solubility of benzene in water. The pyridine present in a 
large sample having been neutralised, and a slight excess of acid 
added, the mixture was washed into a burette, and the volume of 
benzene noted, together with the temperature. A knowledge of 
the densities of benzene over the range 17—20° then allowed the 
calculation of weight percentages of the benzene in the layers. 
This procedure appeared satisfactory for the water layers, but 
experience showed that low results Were sometimes obtained for 
the benzene layers. As in six out of the ten examples given the 
amount of benzene in the water layer was practically negligible, 
and as in three of the remaining cases it was less than 5%, it was 
quite justifiable to calculate the benzene in the benzene layer, 
knowing the total benzene used in the experiments, the volumes 
and densities of the layers formed, and the densities of benzene at 
different temperatures. 7 

TABLE. 
a is the ratio of pyridine % in the benzene layer to the pyridine % in the 


water layer. 0 is the ratio of grams of pyridine in 1 litre of the benzene layer 
to grams of pyridine in 1 litre of the water layer. 


Benzene Layer. Water Layer. 
Density. %Py. %CgHg,. Density. % Py. % CoHe.- a. b 


0-874 3-28 94-54 0-994 Tei 0-0 2-803 2-465 
0-882 9-75 87-46 0-995 3:55 0-0 2-746 2-438 
0-893 18-35 79-49 0-998 7:39 trace 2-484 2-223 
0-903 26-99 71-31 0-997 13-46 0-15 2-006 1-813 
0-909 31-42 66-46 0:997 22°78 0-25 1-376 1-258 
0-911 34:32 64-48 0-996 32°15 0:44 1-067 0:977 
0-915 36-85 59-35 0-997 42-47 2°38 0-867 0-796 
0-918 39°45 56-43 0-990 48-87 3°99 0-807 0-749 
0-914 39°27 55-72 0-991 49-82 4-28 0-788 0-727 
—* 48-39 40-85 0-972 56:05 © 19-56 0-863 —* 


* Total benzene layer 4 c.c. only. 
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CCCXXXVI.—A Circulation Apparatus for Gases. 
By Nirya GopaL CHaTrersI and Grorce Incue Finca. 


In the circulation apparatus used by Bone and his co-workers 
(J., 1902, 81, 1903) in their numerous investigations of catalytic 
gas reactions, the gas is kept in steady circulation by means of a 
specially designed automatic Sprengel pump. This apparatus has 
been extensively used in gas research 
laboratories during the past 20 years, 
and for most purposes is quite satis- 
factory. It needs, however, con- 
siderable attention, and its rate of 
circulation is rather slow; thus, for 
example, when it is attached to an 
apparatus of about 1500 c.c. capacity 
the fastest possible rate is one circu- 
lation in about 20 minutes. And in 
order to ensure a steady rate of 
circulation, which is independent of 
any fluctuation of the water supply, 
the latter must be controlled by a 
subsidiary device. We have recently 
devised a new type of circulating 
’ pump for laboratory purposes, which 
Professor Bone considers is such a 
decided improvement upon his 
original design that he is adopting 
it in his laboratories, and it is at 
his suggestion that we are giving 
the following account of it. 

The essential part of the apparatus 
consists of two small non-return 
mercury-sealed valves, which are 
alternately opened and closed by 
the periodic movement of a column of mercury. In the accom- 
panying diagrammatic sketch of the apparatus, V, and V, are 
the two valves, into which are fused two capillary tubes, A and 
B. A side tube from V, and the capillary A are joined to either 
side of the main apparatus through which the circulation is to 
take place. The capillary B joined to the side tube from V, com- 
municates with a long U-tube. <A side tube at the lowest point 
of the bend of the U-tube is connected by means of rubber tubing 
to a mercury reservoir, R. The plunger, P, consisting of a wooden 
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rod, fitting loosely in C, is suspended from a cross-bar, E, rigidly 
fixed to a block of wood or metal sliding up and down between 
two vertical guides and driven by means of a crankshaft actuated 
by a geared-down motor. The U-tube is partially filled with 
mercury so that the downward movement of the plunger, P, dis- 
places it in both arms of the U-tube. As the mercury rises in 
D, it compresses the gas above it, and the passage being blocked by 
the rise of mercury in the capillary A, the gas bubbles out through 
_ the mercury in valve V,. On the other hand, when the plunger is 
withdrawn, the mercury descends in D, creating a partial vacuum 
above it, so that the gas is now sucked in through A, the capillary 
B being closed by the mercury in V,. Thus during one complete 
movement of the mercury column in D the gas is once sucked in 
through A and forced out through B, maintaining the circulation 
of the gas in the direction of the arrows. 

The circulation velocity of the gas depends in the main on the 
bore of the tube and the amplitude and rate of oscillation of the 
mercury column in it. In order to obtain the maximum velocity 
of circulation, the up and down motion of the plunger should 
- synchronise with the natural period of oscillation of the mercury 
column in the U-tube. The length of the stroke of the mercury 
column can be altered either by raising or lowering the plunger, 
which is suspended from the cross-bar, E, by means of a length of 
2BA threaded rod, or the mercury reservoir R. 

In order that the apparatus may circulate efficiently, particularly 
at very low pressures, it is necessary to eliminate by the use of small 
bore tubing, as far as possible, all dead space above the column of 
mercury in D, without, however, impeding too much the flow of 
the gas. In valve V,, the inner tube terminates about 1—2 mm. 
below the side tube, and the ends of the capillaries in both valves 
are cut and not rounded in a flame, whilst the quantity of mercury 
in the bulbs is just sufficient to cover the ends. Taps T, and T, 
enable the apparatus to be evacuated or filled with gas without 
the mercury in the valves splashing over. The valves may be filled 
with mercury in situ ; and whenever necessary, the mercury levels 
may be adjusted to optimum positions by suitably manipulating 
the reservoir R, with the taps T, and T, closed, when mercury 
may be added to or siphoned off from B until the end of the inner 
tube is just covered. Any mercury introduced into V, during this 
operation automatically overflows through G when the mercury 
level in the U-tube is lowered. 

Several such circulation apparatus may be worked by a single 
motor, as a number of pistons may be attached to the same cross- 
piece. Three circulation apparatus of the type are at work in 
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these laboratories, two sets of four each and one of two. One of 
these has been in continuous work for more than 7 months, and 
the others for 4 months. With a U-tube bore of 1:5 cm., the 
maximum rate of circulation attained was 162 litres an hour. By 
adjusting the height of the plunger this could be cut down to a few 
c.c. per hour. With uniform movement of the plunger the rate of 
circulation is likewise uniform. The apparatus continues to circulate 
down to a pressure of 6 mm. of Hg. Ata pressure of about 3 mm., 
circulation ceases. 

The apparatus may be employed for the circulation of liquids. 

The mercury, since it is not agitated, and the circulating gases 
may be kept dry by phosphoric anhydride floating on the mercury 
in D and in the valves. This does not impede the smooth working 
of the apparatus. 

If static charges due to the friction between the mercury and 
the glass are removed by earthing the mercury contained in the 
valves and the U-tube, the mercury and the glass remain clean, 
and dust does not collect on the outside of the apparatus. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

SoutH KENSINGTON. (Received, July 21st, 1925.] 


CCCXXXVII.—The Cyanine Dyes. Part IX. The 
Mechanism of the Condensations of Quinaldine 
Alkyliodides in Presence of Bases. 


By Witu1am Hopson Mitts and RicHARD RAPER. 


In a discussion of the differences of reactivity shown by methyl 
groups adjacent to the nitrogen atom in heterocyclic bases of the 
quinoline, isoquinoline, and thiazole series one of us and J. L. B. 
Smith (J., 1922, 121, 2724) were led to the view that the reactivity 
of the methyl group in a system of the type I was dependent upon ~ 
the ability or inability of the system to pass over into the form II. 


(I.) \cH ce (II.) 
ve va 


The reactivity of the methyl group on this view might be regarded 
as connected with the unsaturation of the nitrogen atom with 
which it was associated (compare Vorlinder, Ber., 1902, 35, 4145). 
But it was also emphasised in that paper that the reactivity of 
such methyl groups is greater in the quaternary salts of the bases 
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than in the bases themselves. The enhancement of the reactivity 
of the methyl group consequent on the addition of an alkyl group 
to the nitrogen atom called therefore for explanation, for this 
addition would be supposed to reduce the unsaturation to which 
the reactivity had been referred. 

Since the condensations in question of the quaternary salts are 
brought about by the influence of strong bases, such as piperidine, 
the view was advocated that the actual substances through which 
the condensations were effected were the alkyl derivatives (IV) of 
the methylene bases (II) formed by the removal of the elements of _ 
the acid from the quaternary salts by the base used as condensing 


III. sil » IV. 
(IIT.) \/ CH, + base Ny CH, (IV-) + base, HX 
NRX NR 


agent. The reactivity both of the bases and of their quaternary 
salts was thus referred to secondary products (II and IV) of the 
same type. : 

On this view, in a solution containing, for example, quinaldine 
ethiodide, piperidine and a substance of the type X:O, such as 
benzaldehyde or nitrosodimethylaniline, interaction first takes place 
between the piperidine and the quaternary salt with the formation 
of a certain amount of methylene base and piperidine hydriodide. 
The reactive methylene base then condenses with the aldehyde or 
the nitroso-compound to form an intermediate basic product. 
Lastly, this reacts with the piperidine hydriodide formed in the 
first stage, regenerating piperidine and yielding the quaternary salt 
finally obtained. 


nik LUN MU eOss 
LK polis + CHa | A ACH + CENT 
NEtI NEt 
| a xO OI ON C,Hy,N,HI SO 
AD fob Oxo A CHS CHiN 
NEt NEt NEtl 


The view, to which the foregoing considerations thus lead, that 
the active agents in the condensations of quinaldinium salts are 
the methylene bases was first expressed on different grounds by 
Vongerichten and Héfchen (Ber., 1908, 41, 3054). They showed 
that quinaldine ethiodide behaves towards cold aqueous alkalis 
differently from the quaternary salts of quinoline, giving, an oil 
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insoluble in water which readily dissolves in ether or benzene. 
They regarded this oil as a methylene base (V) formed thus: 


Oca COs ee 
Ns VX Kor CA fORe 
NEt NEt 


and showed that it reacted with quinoline ethiodide in alcoholic 
solution to form ethyl-red (1: 1’-diethylisocyanine iodide). The 
importance of the part played by the methylene bases is also 
advocated by Konig (Ber., 1922, 55, 3301). 

We have made some experiments to test the view of the mechan- 
ism of the condensation of quinaldinium salts with aldehydes and 
with nitroso-compounds explained above and have been able to 
obtain evidence demonstrating the possibility of each step in the 
scheme suggested. 

(i). Methylene Bases.—The oils formed by that action of alkalis 
on quinaldine alkyliodides cannot be obtained analytically pure. 
We have been able to confirm the view that they are methylene 
bases by examining the product similarly got from B-naphtha- 
quinaldine methiodide, which is crystalline (Vongerichten and 
H6fchen, loc. cit., state that the corresponding ethyl derivative is 
solid). This substance was obtained in bright yellow platelets 
which gave on complete analysis numbers agreeing excellently with 


the formula VI. 
efi 


bokes 
Se 
Ae 


(VI.) 


Further evidence respecting the oil resulting from the action of 
alkalis on quinaldine ethiodide has been obtained by examining its 
behaviour towards benzyl iodide. If the oil is a methylene base, it 
contains the grouping -N-C:C- and, in view of the exceedingly 
interesting work of Robinson (J., 1916, 109, 1038; see also Armit 
and Robinson, J., 1922, 121, 829) on the addition of alkyl halides 
to this grouping, it should then combine with benzyl iodide to 
form an ammonium salt in which the benzyl radical is attached, 
not to the nitrogen atom, but to the carbon atom in the 3-position 
with respect to it, thus: 


LSE fede) 


OGD ad Ra : 
LA cia + CHaPhI =|) JcH,-CH,Ph [E (11) 
NEt | Net 
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The actual products of the reaction were, however, quinaldine 
ethiodide and dibenzylquinaldine ethiodide. 

This shows that the first stage of the reaction must proceed as 
shown above (i), but that the primarily formed benzylquinaldine 
ethiodide and unchanged methylene base then interact to yield 
quinaldine ethiodide and the benzylmethylene base (VIII) (reaction 
ii), and the latter then reacts again with benzyl iodide according 


les FON aN 


: cea Der) a De a COE 
@ om + om ==) Jon A ACE CHAD 
NEtI WEt (VIL) 
ANS 
(ii) (vit) + CH,Phr = \ ee /)CH(CH,Ph), (IX.) 
NEtl 


to Robinson’s scheme (reaction iii), giving the final product, 


dibenzylquinaldine ethiodide (IX). The formation of quinaldine 
ethiodide in the reaction is a sufficient proof of the occurrence of 
an interaction of the type (ii). 

To show that the last stage (iii) in this series of reactions can be 
realised, we prepared benzylquinaldine ethiodide (X) as indicated 
in the following scheme : 


ye Ph°OHO + Ve _ HI 4 a i 
e PACS | : 
Be Aes OUs Ga NVR /OHCHPA > LA // CHa CHPh 
NEtI NEtI NEtl (X) 


and allowed the base obtained from it with sodium hydroxide to 
react with benzyl iodide. We found that dibenzylquinaldine 


_ ethiodide was again produced. 


Dibenzylquinaldine was previously unknown, but it has been 


- synthesised by Mr. A. T. Akers and one of us (following paper). 


Its ethiodide proved to be identical with the product obtained by 
the action of benzyl iodide on the methylene base; the constitution 
of that product was therefore conclusively established. 

It is thus shown that when the bases obtained by the action of 
alkalis on quinaldine ethiodide, or benzylquinaldine ethiodide, are 
treated with benzyl iodide, quaternary ammonium iodides are 
formed in which the benzyl groups are attached, not to the nitrogen 
atom, but to a carbon atom in the 3-position with respect to it. 
This demonstrates that these substances must contain as their 
essential reactive constituents bases in which an ethylenic linking is 
conjugated with the nitrogen atom thus: -—N-C:C-, that is, 
they must contain, at any rate under the conditions of these 
experiments, the methylene bases of the type V and VIII. 
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The behaviour of 1-ethyl-2-methylene-1 : 2-dihydroquinoline 
towards benzyl iodide corresponds closely with that of 1: 3 : 3-tri- 
methyl-2-methyleneindoline towards methyl iodide (Zatti and 
Ferratini, Gazzetta, 1891, 24, 326; Plancher, Ber., 1898, 31, 1492) : 


Mel 


CH <> OCH, > C.H, <> c:oMe,. 


(ii). Condensation of the Methylene Bases with Aldehydes.—When 
an alcoholic solution of the methylene base from quinaldine eth- 
iodide (1-ethyl-2-methylene-1 : 2-dihydroquinoline) is heated with 
dimethylaminobenzaldehyde, condensation takes place readily 
without the addition of any catalyst. The compound produced was, 
however, very unstable and could not be isolated, but it reacted 
immediately with one equivalent of hydrogen iodide to give the 
same purple dye, dimethylaminostyrylquinoline ethiodide (XII), 
as is produced when quinaldine ethiodide is heated with dimethy]- 


EON Ni 
binwinl A OCH"0,H,"NMe, Cee 
Nea ra LA JCCH-0HyNMe, (XI.) 
i NEt 
fata | 
ANNAN PANG 
DAA RR fa stasis cab 4 Oe // CHCH-C Hy NMe, 
iperidine 
NZ pt . +pip Va | is 


aminobenzaldehyde in presence of piperidine. It is therefore 
probable that the substance first formed has the constitution XT. 

This conclusion was confirmed by an examination of the con- 
densation products obtained from the methylene bases derived 
from §-naphthaquinaldine methiodide and ethiodide, which are 
more stable and more easily manipulated. They are deposited 
from the reaction mixture as sparingly soluble, scarlet powders 
and have compositions closely approximating to those required by 
the formula XIV. 


() OQ @ 
a A » RE) A, aN ame NALLY +) YY (XV.) 
on :C:CHX -CHICHX 
REN Ne Lae Doe Nad | bas Ne : 
Pee (X = C,H,NMe,) 


The analyses show that they cannot contain oxygen as an essential — 
constituent. They are therefore not betaine-like compounds of the 
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formula XIII (although these may well form the primary products 
of the reaction). They are immediately converted by hydriodic 


acid into the purple dyes of the formula XV, which are also formed 


by treating @-naphthaquinaldine alkyliodides with dimethylamino- 
benzaldehyde and piperidine. If, as appears certain from the 
foregoing observations, the purple dyes are formed from the scarlet 
condensation products by the simple addition of the elements of 
hydrogen iodide, this addition can only have taken place in accord- 


ance with Robinson’s scheme. The hydrogen atom added will be 


that indicated by the clarendon type in formula XV and the 
constitution of the scarlet condensation products must be repre- 
sented by formula XIV. They are thus allene derivatives and 
have the instability characteristic of substances containing the 
allene grouping. ) 

Since these allene bases proved capable of abstracting hydrogen 
iodide from piperidine hydriodide, forming the purple dyes (XV), 
the evidence for the scheme on page 2467 seems complete. 

(iii). Production of Unsymmetrical 2: 2'-Carbocyanines.—The 
methods previously available for the formation of dyes of the 
pinacyanole type enable the symmetrical members only of the 
class to be prepared, that is, those in which the heterocyclic nuclei 
are similar and similarly substituted. By taking advantage, 
however, of the great reactivity of the methylene bases, it is possible 
to prepare unsymmetrical 2 : 2’-carbocyanines. 

We found in the first place that the methylene base obtained 
from quinaldine ethiodide reacts with formaldehyde and quinaldine 
ethiodide to form pinacyanole. We then treated the same 
methylene base with formaldehyde and p-toluquinaldine ethiodide 


_ and thus obtained the unsymmetrical monosubstituted pinacyanole, 


6-methyl-1 : 1’-diethyl-2 : 2’-carbocyanine iodide (XVI), which acts 
as an exceedingly powerful photographic sensitiser for the red. 


“(Y 
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NEI NEt 
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In a similar manner with $-naphthaquinaldine ethobromide and 
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formaldehyde, the methylene base gave the unsymmetrical carbo- 
cyanine (XVII). 

Similar condensations could probably be also effected between 
the methylene bases, formaldehyde, and other quaternary salts 
containing a reactive methylene group such as lepidine ethiodide 
or l-methylbenzthiazole ethiodide. This method of preparing 
unsymmetrical carbocyanines is being investigated more fully. 


EXPERIMENTAL. 


1-Methyl-2-methylene-1 : 2-dihydro-8-naphthaquinoline (V1).—The 
yellow base precipitated by the addition of sodium hydroxide to an 
ice-cold 1—2°% solution of §-naphthaquinaldine methiodide was 
extracted with ether and the ethereal solution, after drying with 
potassium carbonate, was concentrated until solid just began to 
separate. On cooling rapidly, the methylene base was deposited 
as bright yellow platelets, darkening at 80° and gradually decom- 
posing above that temperature (Found: C, 87-4, 87-1; H, 6-3, 6-3; 
N, 6:65, 6-6. C,;H,,N requires C, 86-95; H, 6:3; N, 6-8%). The 
' Substance becomes bright green on exposure to air. In an exhausted 
desiccator decomposition is slower, but even under these conditions 
a tar is formed in a few days. 

Condensation of the Methylene Bases with Dimethylaminobenzal- 
dehyde.—The methylene base from §-naphthaquinaldine ethiodide 
(1:75 g.) was boiled for 1 hour with p-dimethylaminobenzaldehyde 
(0-75 g.) dissolved in rectified spirit (60 c.c.). The product separated, 
partly as a scarlet powder, partly as a nodular deposit on the flask 
which had an eosin-like lustre and gave the scarlet powder when 
ground up. It dissolves easily in benzene or chloroform, but is 
practically insoluble in the other common solvents (Found : C, 84:8, 
84:8; H, 6-8, 6-95; N, 7-5, 7-45. C,;H,,N, requires C, 85-4; 
He .6:S5°N,. 79%) 

The methylene base from 8$-naphthaquinaldine methiodide and 
dimethylaminobenzaldehyde gave a very similar product (Found : 
C, 85°5, 84-4, 85-5; H, 6-4, 6-5, 6-6; N, 7-5, 7-6, 7-3, 7-7, Ci,HoN. 
requires'C, 85:2; H, 6-5; N, 8°3%). 

Action of Hydriodic Acid on the Condensation Products.—The red 
powder (0-62 g.) prepared in the above manner from @-naphtha- 
quinaldine ethiodide was treated with 1 mol. of hydriodic acid: 
(0-23 c.c. of acid, b. p. 126°) in hot alcohol. On cooling, p-dimethyl- 
aminobenzylidene-6-naphthaquinaldine (0-73 g.) crystallised, m. p. 
227—235°. 

For comparison, $-naphthaquinaldine ethiodide (1-75 g.) and 
dimethylaminobenzaldehyde (0-75 g.) were boiled in alcoholic 
solution with piperidine (3 drops) for 2 hours. On cooling the 


THE MECHANISM OF THE CONDENSATIONS OF QUINALDINE, ETC. 2473 


resulting red solution the dye was deposited as lustrous needles, 
m. p. 231—235° (decomp.) (Found: I, 26-45. C,;H,;N,I requires 
I, 26:34). The product thus formed was identical with that 
obtained by the addition of hydrogen iodide to the red powder; 
mixed m. p. 228—235°. Similarly, the methylene base from 
quinaldine ethiodide (5 g.) was boiled with p-dimethylamino- 
benzaldehyde (2 g.) in alcoholic solution (50 c.c.) for 20 minutes. 
After cooling and addition of hydriodic acid (1-2 c.c., b. p. 126°), 
the mixture became red and dimethylaminobenzylidenequinaldine 
ethiodide gradually crystallised, m. p. 247—248°, mixed m. p. with 
the compound formed by the condensation of quinaldine ethiodide 
with dimethylaminobenzaldehyde in presence of piperidine 247— 
248° (Found : I, 29-3, 29-6. Calc., I, 29-5%). 

Action of Piperidine Hydriodide on the Condensation Products.— 
To an alcoholic solution of piperidine hydriodide, prepared by 
adding a quantity of hydriodic acid just short of that required for 
neutralisation to piperidine (1-24 g.), was added the scarlet powder 
(3 g.) obtained from dimethylaminobenzaldehyde and the methylene 
base from §-naphthaquinaldine methiodide. After heating for a 
_ few minutes, the solution became purple-red and on cooling crystals 
(3-9 g.) were deposited. Recrystallised from pyridine, the substance 
was obtained as lustrous green platelets, m. p. 237—239°, which 
proved to be identical with the dye obtained by Nnde fetes 
8-naphthaquinaldine methiodide with dimethylaminobenzaldehyde 
by means of piperidine; mixed m. p. 238—239° (Found: I, 27-2. 
Calc., I, 27-25%). 

Addition of Benzyl Iodide to 1-Ethyl-2-methylene-1 : 2-dihydro- 
_ quinoline.*—The methylene base (1-65 g.) from quinaldine ethiodide 
' was heated for 30 minutes with benzyl iodide (2 g.) in benzene 
(30 ¢.c.). On cooling, dark reddish-purple crystals (1-7 g.) were 
deposited consisting of quinaldine ethiodide, dibenzylquinaldine 
ethiodide (IX), and some isocyanine. The last was removed by 
extracting with acetone in a Soxhlet extractor and the two eth- 
iodides were then separated by treatment with cold chloroform. 
Dibenzylquinaldine ethiodide dissolved and quinaldine ethiodide 
was left. The quinaldine ethiodide had m. p. 238°, mixed m. p. 
with a specimen of the salt prepared directly from quinaldine and 
ethyl iodide 236° (Found: ©, 48-1; H, 4:6. Cale., C, 48-2; H, 
4-6%). 

Dibenzylquinaldine eihaodide, obtained by recrystallising the 
residue left on evaporation of the chloroform from methyl alcohol, 
formed yellow prisms, m. p. 214—216° (Found: I, 26-5, 26-6. 


* In the work described in this and the following section we received 
assistance from Mr. A. T. Akers. 
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C,,H,,NI requires I, 26-59%). The compound proved to be identical 
with that obtained from dibenzylacetone and o-aminobenzaldehyde 
(see following paper); mixed m. p. 216°. 

Benzylquinaldine Ethiodide.—Quinaldine ethiodide (5 g.) dis- 
solved in alcohol (30 c.c.) was heated for 20 minutes with benz- 
aldehyde (2 c.c.) and piperidine (2 drops). On cooling, benzylidene- 
quinaldine ethiodide was deposited in yellow needles, m. p. 227-5— 
228° * (Found: I, 32:5. Calc., I, 32-8%). It was reduced to 
benzylquinaldine ethiodide by heating 1-25 g. under reflux with 
hydriodic acid saturated at 0° (7 c.c.), glacial acetic acid (4 c.c.), 
and red phosphorus (0-2 g.) for 10 hours. The liquid was evaporated 
under diminished pressure, a little periodide which had separated 
was removed, and ether was added, when a rapidly solidifying oil 
was deposited. Crystallised from methyl alcohol, the compound 
gave yellow needles, m. p. 172—1738° (Found: C, 58-4; H, 5-05. 
CygHy NI requires C, 58-6; H, 5-1%). This salt was also prepared 
by heating benzylquinaldine (Heyman and Konigs, Ber., 1883, 16, 
2606) with the equivalent quantity of ethyl iodide for 90 hours at 
100°, but since benzylquinaldine is not readily obtainable the first 
described method is the better. 

Treated with sodium hydroxide and ether, benzylquinaldine 
ethiodide yielded an anhydro-base which, treated with benzyl 
iodide in benzene solution for 15 hours in the cold followed by 
30 minutes’ boiling, gave dibenzylquinaldine ethiodide, m. p. 213-5°, 
identical with the product obtained from dibenzylquinaldine, or 
from the methylene base from quinaldine ethiodide. 

6-Methyl-1 : 1'-diethylcarbocyanine Iodide-——The methylene base. 
(3-4 g.) from quinaldine ethiodide was heated for 20 minutes with | 
p-toluquinaldine ethiodide (6-3 g.) and 37° formalin (1-5 c.c.) in 
boiling alcoholic solution (80 c.c.). A purple solution was formed 
which deposited felted masses of crystals on standing. These were 
treated with sulphur dioxide in hot methyl-alcoholic solution to | 
decompose the periodide present and then recrystallised twice from | 
methyl alcohol (Found: I, 25:5. C,,H,,N,I requires I, 25-7%). 
The dye sensitises a gelatino-bromide plate up to 1 6950 for moderate — 
exposures with maxima at A 6400 and a 5500. | 

5 : 6-Benzo-1 : 1’-diethylcarbocyanine Bromide (XVI).—The | 
methylene base from quinaldine ethiodide (5 g.) was heated for | 
20 minutes with §-naphthaquinaldine ethobromide (5 g.) in 
alcoholic solution (80 c.c.) and 40% formalin solution (2-5 c.c.). 
On cooling, the crude dye was deposited as a purple, amorphous - 

* Vongerichten and Héfchen, who prepared the compound by the addition : 


of ethyl iodide to benzylidenequinaldine, give the m. p. as 216° (Ber., 1908, 
41, 3058). 
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powder. Purified by repeated crystallisation from methyl alcohol, 
it formed needles with a green metallic lustre giving a blue alcoholic 
solution. The air-dried product apparently contained a molecule 
of methy] alcohol of crystallisation. On attempting to remove this 
by heating in a vacuum at 110°, the compound lost bromine, 
presumably as ethyl bromide. The air-dried product was therefore 
analysed (Found: C, 70:2; H, 5:8; Br, 15-1. C,,H,,N,Br,CH,O 
requires C, 69-9; H, 6-0; Br, 15-5%). 

The absorption spectrum in alcoholic solution is of the usual 
carbocyanine type with a main and two subsidiary bands. The 
bands are intermediate in position between the corresponding bands 


of pinacyanole and the carbocyanine from (-naphthaquinaldine 


ethobromide (5:6- 5’: 6’-dibenzo-1: 1’ - diethylcarbocyanine 
bromide). 


First Second 
Main subsidiary subsidiary 
band. band. 


band. 
Pinacyanole (1 : 1’-Diethylcarbocyanine . my 
OTE ERR VED een Benn U CG nce nee 6070 A =s-—«wB 62H A =s-_—«dH I OVA 
5 : 6-Benzo-1: 1’-diethylcarbocyanine 
hag Cabs ted Salve yng Paap Sen ia pats a ua 6250 5750 5350 
5 : 6-5’ : 6’-Dibenzo-1 : 1’-diethylcarbo- 
CV ANING DTOMICS © veds ine ccnsntin sine none 6380 5880 5500 


Our thanks are due to the Department of Scientific and Industrial 
Research for a grant which has enabled one of us (R. R.) to take 
part in this work. 
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CCCXXXVIIT.—Dibenzylquinaldine. 
By Writ1am Hozsson Minis and Arnoutp THomas AKERS. 


As described in the foregoing paper, the action of benzyl iodide on 
the methylene base obtained by the action of alkalis on quinaldine 
ethiodide resulted in the production of a compound, which from 


' its composition and method of formation was regarded as the 


ethiodide of dibenzylquinaldine (I). 


r‘s WA /\/CHO = OH 


BOOS HCP ir G ya Sale a 


| (II.) 
\ /\NH,  OC-CH(CH,Ph), 


_ To confirm that view of its constitution the synthesis of this pre- 


t 


i 


viously unknown base was undertaken from o-aminobenzaldehyde 
and dibenzylacetone (II), according to the general method of 
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Friedlander for the synthesis of bases of the quinoline series (Ber., 
1882, 15, 2574). Dibenzylacetone, which also has not been pre- 
viously described, could not be obtained by the ketone fission of 
dibenzylacetoacetic ester, hydrolysis of which under various con- 
ditions gave only dibenzylacetic acid. It was, however, readily 
prepared by treating the amide of dibenzylacetic acid (Schneidewind, 
Ber., 1888, 21, 1328) with a large excess of magnesium methyl iodide : 


(CH,Ph),CH-CO-NH, “2"*", (CH,Ph),CH-COMe. 


Both this reaction and _ the sat tet synthesis proceeded 
smoothly and the ethiodide of the resulting dibenzylquinaldine 
proved to be identical with the compound obtained by the action 
of benzyl iodide on the methylene base. The interpretation of 
the course of this interaction explained in the foregoing paper was 
thus established. 

In preparing dibenzylacetyl chloride for the purpose of obtaining 
the corresponding amide the observation was made that this acid 
chloride lost hydrogen chloride with remarkable ease when heated, 
forming a compound which was evidently benzylhydrindone (III), 
since it had ketonic properties, forming a semicarbazone. 


A \/CHK oN AS 
| [ly QH-CH,Ph —>[ | OH: CH,Ph (L.) 
ROA ClO \WHSGOR 


A proof of its constitution was obtained by showing that it was also 
formed by reduction of benzylidenehydrindone (IV) (Kipping, J., 
1894, 65, 498), a method of formation which leaves no doubt as to 
its structure. 


Yi CHAN DES CHL & Sigs, : 
Gl Leshan bag b) gl) C:;CHPh —>| | iu: CH,Ph | 
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We subsequently found that the facility with which dibenzylacetyl | 
chloride lost hydrogen chloride had already been observed by 
Leuchs, Wutke, and Gieseler (Ber., 1913, 46, 2200) and that they 
had also demonstrated the constitution of the product, although | 
in a less simple manner. 


EXPERIMENTAL. 


Dibenzylacetamide—When a solution of acetoacetic ester in | 
absolute alcohol was treated with sodium ethoxide (1 mol.) and | 
benzyl chloride (1 mol.) and the mixture after completion of the | 
reaction was treated again in the usual way with the same reagents | 
(1 mol. of each), the principal product was not dibenzylacetoacetic | 
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ester * but dibenzylacetic ester, b. p. 209° /19 mm. (Found : C, 80-5; 
H, 7:4. Calc., C, 80-6; H,7:5%). The ester was readily hydrolysed 
by hot dilute alcoholic potash to dibenzylacetic acid, and we found 
this a more convenient method of preparing the acid than the 
hydrolysis of dibenzylmalonic ester (Bischoff and Siebert, Annalen, 
1887, 239, 92). 

To obtain the acid chloride (compare Leuchs, Wutke, and 
Gieseler, Joc. cit.) the acid was heated on the water-bath for 4 hours 
with a slight excess of thionyl chloride. The product was then 
distilled rapidly under diminished pressure, when a nearly colourless 
oil, b. p. 197°/12 mm., was obtained (Found: Cl, 13-5. Calec., 
Cl, 13-79%). The acid amide (compare Schneidewind, loc. cit.) was 
obtained by pouring the crude acid chloride, without removal of 
the slight excess of thionyl chloride, into a large excess of ammonia 
(d 0-88) at 0—5°. The precipitated amide after crystallisation 
from benzene had m. p. 128—129° (Hound's): C;) 80-LysHyy7ate 
N, 5:8. Calc., C, 80-3; H, 7-2; N, 59%). In this manner 30 g. 
of recrystallised amide were obtained from 40 g. of acid. 

as-Dibenzylacetone, (C,H,*CH,),CH:CO-CH;.—To a solution of 
magnesium (14-8 g.) in methyl iodide (40 c.c.) and anhydrous ether 
was added solid dibenzylacetamide, and the mixture was boiled 
for 18 hours. After decomposition of the magnesium compound 
with ice and dilute sulphuric acid the ethereal layer was separated. 
On evaporation of the ether the ketone was left as an oil, b. p. 
120—122°/16 mm. (Found: C, 85:5; H, 7-65. C,,H,,0 requires 
C, 85:7; H, 76%). Yield 21 grams. 

Benzylidenedibenzylacetone, (C,H ;-CH,),CH:CO-CH:CHC,H;.—To 
an alcoholic solution (150 c.c.) of dibenzylacetone (3 g.) and benz- 
aldehyde (1-3 g.), 10° aqueous sodium hydroxide (3 ¢.c.) was 
added, and the mixture left for 3 days. The crystalline precipitate 
formed was recrystallised from alcohol; m. p. 66—67° (Found : 
C, 88-6; H, 6-7. C,,H».O requires C, 88-4; H, 6-75%). 

Dibenzylquinaldine (I).—To an alcoholic solution of o-amino- 
benzaldehyde (1 part) and dibenzylacetone (2 parts) a little solid 
potassium hydroxide was added and the mixture was boiled for 
5 hours. Water was then added and the alcohol evaporated, when 


the product was deposited as a pasty mass which, after keeping 
for some days in a desiccator, partly crystallised. The crystals, 
separated and recrystallised from methyl alcohol, gave colourless 
needles, m. p. 74° (Found: C, 89-4; H, 6:5; N, 4:4. C,,H.,N 
requires C, 89-2; H, 6-5; N, 43%). Yield 5S, 
Dibenzylquinaldine M ethiodide.—Dibenzylquinaldine was heated 


* This was obtained by Fittig and Christ (Annalen, 1892, 268, 124) by treat- 
ing acetoacetic ester with 1 or 1} mols. of sodium ethoxide and benzyl chloride. 
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with excess of methyl iodide for 24 hours at 100°. The crystalline 
deposit formed separated from methyl alcohol in yellow prisms, 
m. p. 204° (Found: I, 27-5. C,;H,,NI requires I, 27-3%). 

Dibenzylquinaldine ethiodide was prepared similarly to the meth- 
iodide except that the heating was continued for 48 hours. Yellow 
prisms, m. p. 215—216° (Found: C, 64:9; H, 5-5; I, 26-7. Calc., 
C, 65-1; H, 5-4; I, 265%). The compound was identical with 
that obtained by the action of benzyl iodide on 1-ethyl-2-methylene- 
1 : 2-dihydroquinoline. 

2-Benzyl-1-hydrindone.—Similarly to Leuchs, Wutke, and Gieseler 
(loc. ctt.), we found that if in the preparation of dibenzylacetyl 
chloride, phosphorus pentachloride was employed, or if when using 
thionyl chloride the distillation was carried out too slowly or at 
too high a pressure, the chief product was benzylhydrindone 
(Found: C, 86-5; H, 6-3. Calc., C, 86:5; H, 6-3%). The semi- 
carbazone, crystallised from alcohol, had m. p. 198—199° (Found : 
N, 15-2. C,,H,,ON, requires N, 15-05%). 

Reduction of Benzylidenehydrindone.—Benzylidenehydrindone was 
prepared as described by Kipping (J., 1894, 65, 480) except that 
thionyl chloride was used instead of phosphorus pentachloride for 
the preparation of phenylpropionyl chloride and zine chloride was 
employed instead of alcoholic potassium hydroxide for the con- 
densation of hydrindone with benzaldehyde, equimolecular quan- 
tities of the latter two compounds being heated together for 8 hours 
on the water-bath with a little anhydrous zinc chloride, and the 
product separated by dissolving in alcohol and pouring into cold 
water. ‘The reduction of benzylidenehydrindone to benzylhydrin- 
done was carried out as follows: Benzylidenehydrindone, (10 g.) 
was dissolved in a mixture of methyl and ethyl alcohol, and 3-3%, 
sodium amalgam (300 g.) was added gradually during 4 hours, the 
mixture being kept neutral to phenolphthalein by the regulated 
addition of 50% acetic acid. After evaporation of the alcohol, 
water was added and the product was extracted with ether. It 


boiled at 222°/18 mm. and its identity with the compound formed — 


by loss of hydrogen chloride from dibenzylacetyl chloride was 
shown by conversion into the semicarbazone (Found: ©, 73-5; 
H,5-6. Calc. for C,,H,,ON;, C, 73-1; H, 6-1%). The m. p. of this 
semicarbazone as well as the “‘ mixed m. p.”’ with the semicarbazone 
of the ketone obtained from diphenylacetyl chloride was 198—199°. 

The analyses for carbon, hydrogen and nitrogen recorded in this 
paper were carried out by Mr. F. H. Flack. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, August Ist, 1925.] 
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CCCOXXXIX.—The Resolution of an Asymmetric 
Arsenic Compound into its Optically Active Forms. 


By Wiuu1am Hosson Mitts and Ricuarp RapEr. 


Iy spite of the probability that corresponding compounds of 
nitrogen, phosphorus, and arsenic possess similar stereochemical 
configurations, numerous investigations have shown that for some 
reason it is not possible to demonstrate the molecular dissymmetry 
of the phosphonium and arsonium compounds in the same simple 
way as has been done for the quaternary ammonium salts. Thus 
in the case of the arsonium compounds the attempts to effect 
resolution carried out by Michaelis (Annalen, 1902, 321, 159) and 
Winmill (J., 1912, 101, 718) gave negative results. Similarly, 
negative evidence only was obtained in attempts to resolve arsine 
oxides made by Burrows and Turner (J., 1921, 119, 426), Aeschli- 
mann and McCleland (J., 1924, 125, 2025), and Aeschlimann (this 
vol., p. 811), although amine and phosphine oxides are readily 
‘resolved (Meisenheimer, Ber., 1908, 41, 3966; Meisenheimer 
and Lichtenstadt, Ber., 1911, 44, 356). The only positive result 
hitherto recorded is that of Burrows and Turner (loc. cit.), 
who succeeded in obtaining a solution of d-phenyl-«-naphthy]l- 
benzylmethylarsonium iodide which showed a rotation of «p= 0-1° 
in a 2-dem. tube. It seemed to us, therefore, that in order to 
obtain satisfactory evidence that arsenic can behave as a centre 
of asymmetry, it would be advisable, in the first instance at any 
rate, to investigate some other type of compound of the element. 
We have therefore prepared and examined p-carboxyphenylmethyl- 
ethylarsine sulphide (I), and have found that it can be resolved 
into enantiomorphous modifications. This compound is closely 
related in structure to the tertiary amine and phosphine oxides 
obtained in optically active forms by Meisenheimer; the procedure 
we have followed for effecting its resolution is, however, different. 
Meisenheimer made use of the basicity of the oxides for this 
purpose. Thus, in the case of methylethylaniline oxide, the 
separation was brought about through the diastereoisomeric salts 


| te >< Or |CroHssBrS0,, We thought it advisable that the 


arsenic atom should be shielded as far as possible from disturbance 
in the processes of salt formation and decomposition involved in 
resolution experiments, and therefore chose a compound deriving 
its salt-forming capacity from a substituent carboxyl group. We 
regard the presence of the sulphur atom as the essential feature 
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which enables the molecular asymmetry of the compound to be 
demonstrated experimentally. The grouping R,R,R,As:8 forms 
a chemically indifferent complex, free from the basicity characteristic 
of the arsine oxides (the sulphide used in these experiments did not 
form a hydrochloride), and whilst the corresponding oxygen com- 
pound shows only a feeble acidity, being presumably an internal 


salt, 0-CO-C,H, AsMeEt-OH, this arsine sulphide carboxylic acid — 
is strongly acidic and forms stable salts with the commoner 
alkaloids. : 
p-Carboxyphenylmethylethylarsine sulphide (I) was prepared by — 
oxidising p-tolylmethylethylarsine (II) to p-carboxyphenylmethyl- : 
ethylarsine oxide (III) and treating the hydrochloride of this 
substance with hydrogen sulphide in aqueous solution (Michaelis, — 


CH,-CsHyAs<qre gamma HO,C-CoHy Asp ax 
(II.) uz.) O : 

Me 

HO,C-CgHy As iy : 

(I) 8 : 


Annalen, 1902, 320, 306). It was resolved by the fractional | 
crystallisation of its brucine and morphine salts. The specific | 
rotation of the brucine salt of the racemic acid is [«]}%,, = — 58°. 
During twelve recrystallisations of the salt from water its specific | 
rotation fell steadily until the value [«]2, = — 19-65° was reached, | 
although analyses showed that its composition remained unchanged. : 
Two further recrystallisations gave values of [«}%, = — 19-5° and 
— 19-6° respectively. The resolution was therefore considered to | 
be complete, and the levorotatory acid obtained from the salt after | 
removal of the brucine was regarded as the optically pure /-acid. | 
Its specific rotation was not altered by recrystallisation, and it gave | 
the following polarimetric constants : | 


[o}2%, = — 19-1°. [M]% = — 52° (in alcohol). | 
[ou], = — 21-6°. [1], = — 59° (in’ alcohol). | 
The morphine salt was fractionated by dissolving it in alcohol and | 
precipitating with ether. After four recrystallisations, a specific | 
rotation of — 50° for the mercury green line was attained, and six | 
further recrystallisations failed to change this. The d-acid set) 
free from this salt gave values for the specific rotation which were, 
within the limits of the errors of observation, equal and opposita 
to those found for the l-acid. | 
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EXPERIMENTAL. 


p-T'olylmethyliodoarsine.—p-Tolylarsenious oxide (50 g.) is dis- 
solved in a solution of sodium hydroxide (27-7 g.) in water (55 c.c.) 
and rectified spirit (220 c.c.), the liquid being kept cool. The 
solution is placed in a flask attached to a reflux condenser, and 
methyl iodide (28 c.c.) is added. After standing 24 hours, the 
alcohol is distilled off, the residue acidified with hydrochloric acid, 
potassium iodide (50 g.) added, and the solution saturated with 
sulphur dioxide. The p-tolylmethyliodoarsine separates as a dark- 
coloured oil, which is taken up in chloroform, dried with calcium 
chloride, and distilled in a vacuum. The distillate is a golden- 
yellow oil, b. p. 163—165°/12 mm., which solidifies on standing to 
canary-yellow needles, m. p. 29° (Found: C, 31-2; H, 3-1; I, 
41-15. C,H, [As requires OC, 31-2; H, 3-05; I, 41-25%). Yield, 
50 g. 

p-Tolylmethylethylarsine.—p-Tolylmethyliodoarsine (100 g.) is 
dissolved in dry benzene (100 c.c.) and added slowly to a Grignard 
reagent prepared from magnesium turnings (10-4 g.), dry ether 
(200 c.c.), and ethyl bromide (31 c.c.). When the addition is com- 
pleted, the liquid is boiled 2 to 3 hours and poured on to ice. The 
whole is acidified with dilute sulphuric acid, and the ethereal layer 
separated off and dried with sodium sulphate. The solvents are 
removed, and the arsine distilled in a vacuum. It is a colourless 
oil, b. p. 117°/15 mm. Yield, 50 g. (Found: ©, 57:1; H, 7-2. 
C,9H,;As requires C, 57-1; H, 7-1%). 

dl-p-Carboxyphenylmethylethylarsine Sulphide (1).—p-Tolylmethyl1- 
ethylarsine (25 g.) is treated gradually with shaking with a solution 
of potassium permanganate (50 g.) in water (2 litres). The mixture 
is placed in a thermostat at 35° until the oxidation is complete 
(7—10 days). The excess of permanganate is removed by adding 
alcohol, and the filtrate from the manganese dioxide is acidified 
with hydrochloric acid and evaporated to dryness. The residue 
is taken up in water (400 c.c.) and the solution saturated with 
hydrogen sulphide. The precipitated sulphide, recrystallised from 
water, forms lustrous needles, m. p. 183°. Yield 10—12 g. 
(Found: C, 44:0; H, 4-8; As, 27-8. CH ,,0,SAs requires C, 44-1; 
H, 4:8; As, 27-6%). The compound is readily soluble in alcohol 
or chloroform, but insoluble in benzene, light petroleum, or 
ether. 

Brucine salt. Brucine (50 g.) and dl-acid (40 g.) were heated 
under reflux in absolute alcohol (500 c.c.) for 2 hours. The crystals 
deposited on cooling were collected and fractionally crystallised 
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from water. The following table shows the progress of the 
resolution : 


Gram of Gram of 
salt in w salt in me 
No. of chloroform  %jg) . No. of chloroform  %5 46) ° 


recryst. (25 c.c.). l=2dem. [apP%,. recryst. (25c.c.). l=2dem. [a]%., 
Salt of 


di-acid* 0-5000  —0-23° — 5-8° 7 0-4128 —0:55 —166 
1 0-5322 —0:30 — 71 8 00-5167 —0O-71 —17-2 
2 0-6120 —049 —10-9 9 0-5810 —0O-81 —17-4 
3 0:5252 —0-52 —12:3 10 0-5625 —0-84 —18-6 
£ 0-5730 —054 —11-8 11 0:-5480  —0-81 —18-°5 
5 00-5837 —0-68 —14:8 12 0:5025 —0-79 —19-65 
6 — — — 13 0:5057 —0-75 —19:5 


14 00-5163 —0O-81 —19-6 


* This was obtained by dissolving 0-296 g. of brucine and 0-204 g. of 
dl-acid in 25 c.c. of chloroform. The rotation of 0-296 g. of brucine in 25 c.c. 
of chloroform is a;4g, = 3:37°. 


The composition of the salt remained constant throughout the 
fractionation, the values obtained from the crops in the 1st, 4th, 
5th, 7th, and 12th recrystallisations being C, 58-4, 58-2, 58-0, 58-1, 
58:3; H, 6-0, 6-2, 6-15, 6-1, 6-0; N (7th recryst.), 49; As (7th 
recryst.), 11-4. C,,H,,0,N,SAs requires C, 59-5; H, 5-9; N, 4:2; 
As, 11-3%. : 

l-p-Carboxyphenylmethylethylarsine Sulphide.—The final fraction — 
of the brucine salt was shaken with excess of sodium hydroxide and - 
chloroform, and the aqueous layer extracted four times with chloro- 
form to ensure complete removal of the brucine. The solution of | 
the sodium salt was kept ice-cold and acidified with hydrochloric : 
acid, the l-acid collected, washed with water, and dried. It was | 
recrystallised by dissolving in chloroform and precipitating with | 
light petroleum; m. p. 175—177° (Found: C. 44:0; H, 4:7. : 
C1 9H,30,SAs requires C, 44-1; H, 4-8%). | 

05753 g. made up to 50 c.c. with absolute alcohol gave the | 
following measurements in a 6-dem. tube at 20°: 


oro = — 1-31"; [o]ito = — 19-1°; [Mero = — 52°. 
Os. = — 149°; [alsin = — 216°; [Mf = — 59°. 


Morphine salt. Morphine (40 g.) and dl-acid (40 g.) were heated | 
under reflux in absolute alcohol (500 c.c.) for 2 hours. The solution | 
was filtered, allowed to cool, and ether (400 c.c.) was added. The | 
morphine salt (64 g.) was fractionated by dissolving in absolute 
alcohol, filtering, adding ether until the solution became turbid, 
warming, and allowing to stand. The following table shows the 
progress of the resolution : 
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Gram of salt Gram of salt 
No. of inalcohol  as4o;.‘ No. of inalcohol  a54¢;- 
recryst. (25c.c.). U%=2. [al]sae:- veeryst. (25¢.c.). J=2. [a]sae1° 
Salt of 5 0-3282 —1:30° —49-6° 
dl-acid* 0-55 —2-86° —64-9° 6 — — — 
1 0:3000 —1:36 —56-8 7 0-2980 —1:23 —51-6 
2 0-4714 —2:01 —53-4 8 — — — 
3 0-3572 —2-28 —53-8 9 00-2077 —0-79 —47°5 
4 00-3104  —1:26 —50°8 10 0-2100 —086 —5l-l 


* Obtained by dissolving 0-28 g. of morphine and 0-27 g. of dl-acid in 
. 25 c.c. of absolute alcohol. 


d-p-Carboxyphenylmethylethylarsine Sulphide.—The final fraction 
of the morphine salt was shaken with chloroform and successive 
quantities of dilute sulphuric acid until the latter extracted no 
more morphine. The chloroform solution was dried with anhydrous 
sodium sulphate, and the d-acid was precipitated by adding light 


petroleum. 
0-3530 g. made up to 15 c.c. with absolute alcohol gave the 


following measurements in a 2-dem. tube at 20°: 
amo = + 0-90°; [o]sr0 == + 19-1°; 03%, = + 0-98°; [a] = + 21°. 


The acid was recrystallised by dissolving in absolute chloroform and 
precipitating with light petroleum; m. p. 17 5—176°. 

0-2560 g. made up to 15 c.c. with absolute alcohol gave the 
following measurements in a 2-dem. tube at 20°: 


a, —= + 0-64°; [a] = + 18-7°; [MER = + 51°. 
a, —= + 076°; [a], = + 22-2°; (MP, = + 60°. 
gt, = + 138°; [ap% = + 39-4°; [ME = + 107°. 


(Found : C, 44-25, 44-3; H, 4-9,4:8. C,)H,,0,SAs requires C, 44-1; 
H, 4:8%). 


The authors wish to express their thanks to the Chemical Society 
for a grant towards the expenses of this research, and also to the 
Department of Scientific and Industrial Research for a maintenance 
grant made to one of them during part of the time occupied in 
carrying out the work. ; 
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CCCXL.—The Production of Oxide Films on Copper 
at the Ordinary Temperature, 


By Uxick Ricuarpson Evans. 


WHEN copper is exposed to air at high temperatures, the oxidation 
proceeds rapidly at first, but soon slows down, since the film first 
produced restricts the access of oxygen to the metal below; never- 
theless a layer of scale of appreciable thickness is quickly formed. 
At low temperatures, diffusion through an oxide film is much slower, 
and thickening soon becomes sluggish; the films produced at about 
200° have thicknesses comparable with the wave-length of light, 
and interference tints therefore appear on the surface. The sequence 
commences: Brown, reddish-mauve, blue, greenish-silver; then 
follow the ‘‘ second order ”’ colours yellow, rose, blue, green; one 
can usually observe a further alternation between rose and green, 
before the tints pass into the dull pinkish-grey which is probably 
the characteristic colour of the oxide. 

At the ordinary temperature, copper can be exposed to dry, pure 
air for a long time without any visible change at all. It is considered 
by Tammann that an invisible oxide film at least one molecule 
thick is formed rapidly, but that this layer is practically impervious 
to oxygen at low temperatures, and soon ceases to thicken. 

Recently the author (Ind. Eng. Chem., 1925, 1'7, 363) found that 
colours of every hue, due to oxide films, could be produced at 
the ordinary temperature on copper (and also on brass, lead, zinc, 
and steel) by the combined action of oxygen and cathodic treatment—a, 
combination which seems to render the oxide film less protective, 
and so allows the rapid attainment of visible thickness. These 
tints were first noticed on the “aerated zones” of corrosion- 
specimens exposed to the non-uniform action of oxygen, the electric 
current being produced by “ differential aeration.” Afterwards 
the tints were obtained with current supplied from an external 
source. 

The canna of film-formation by a combination of oxidising 
and reducing conditions had previously been noted by Hinshelwood 
(Proc. Roy. Soc., 1922, A, 102, 318), who had exposed copper 
alternately to oxygen and hydrogen at 233°; the oxygen produced 
a film of oxide, and the hydrogen reduced this to metal; on each 
successive oxidation, oxygen was taken up with increasing rapidity, 
probably on account of the porous character of the reduced copper. 
Similarly Palmer (zbid., 1923, A, 103, 444) found that a mixture 
of oxygen and hydrogen caused the oxidation of reduced copper 
more quickly than did oxygen alone. But these experiments all 


pier 
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referred to elevated temperatures, and it seemed desirable to study 
in greater detail the formation of visible films at the ordinary 
temperature. 

Materials and Apparatus.—Kahlbaum’s pure electrolytic foil of 
1 mm. thickness was employed, the superficial oxide being removed 
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J, Glass bell-jar. HH, Ground-glass plate. S, Rubber stopper. Wii) Was 
Electrical leads. D,, Dz, Brass clamp terminals. E, Electrolysis vessel. A, 
Anode. ©, Cathode. K,, Ky, Supports of stout copper holding air-delivery tube 
in correct position. 1, Delivery tube for liquid. G, Tube for delivering atr, and 
withdrawing liquid. M,, M2, Thermometers. F, Frame of glass tubing for hold- 
ing cathode taut. T,, Three-way tap for evacuating flask, and admitting purified 
air. T,, Three-way tap for admitting and withdrawing liquid. P,, Ps, Screw 
regulating valves. B, Battery (two accumulators). R, Variable resistance. 
G, Ammeter. 


with emery (FF).* Kahlbaum’s sodium hydroxide, prepared from 


sodium, was used for the solutions. 
The electrolysis was conducted in a rectangular trough (EK) 
7x 5 x 9-5 cm. (Fig. 1), the electrodes (C and A) being clamped 


* Washing the ground surface with alcohol and benzene did not affect 
the velocity of coloration. Colours can also be obtained on rouge-polished 


copper. 
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against the walls of the trough. In the earlier “ open-vessel ” 
experiments, this trough stood on the laboratory bench, and the 
liquid in it was undoubtedly kept in circulation by convection 
currents, which were perhaps rather exceptionally vigorous, 
since the work was conducted in very hot weather in a room immedi- 
ately below the roof. In the “ closed-vessel ’’ experiments, the 
electrolysis vessel, E, was enclosed below the bell-jar, J, which was 
cemented to the ground-glass plate, H, by tap-grease. The whole 
apparatus was immersed in a thermostat bath. By suitable oper- 
ation of the taps T, and T, it was possible (1) to exhaust the apparatus, 
(2) to fill the electrolysis vessel with N /10-sodium hydroxide from 
the “‘ reservoir-flask,” (3) to draw in purified air (which entered 
through five vessels containing sodium hydroxide, dilute sulphuric 
acid, sodium hydroxide, Nessler solution, and lead acetate respec- 
tively), and (4) to draw off portions of liquid as required. 

Open-vessel Experiments.—Preliminary trials with various solu- 
tions indicated that N/10-sodium hydroxide was most suitable. At 
very low current densities (0-1 m.a./sq.cm.), colours could be obtained 
near the water level, during electrolysis itself. But it was found 
more convenient to apply a current density sufficient to produce 
evolution of hydrogen gas over the cathode; the metallic surface, 
which was then unchanged in appearance when the electrolysis 
ended, acquired coloration on standing. 

In early experiments, electrolysis was continued for 5 minutes 
at 2‘5 m.a./sq.cm. After this time, 10 c.c. of liquid were sucked out 
so as to lower the water-level, and similar quantities removed at 
intervals, usually of 3 minutes. When the vessel had been completely 
emptied, the cathode was always found to be coloured differently 
in the various zones. The uppermost zone, which had emerged 
as soon as electrolysis terminated, was unchanged, but below this 
appeared colours depending on the period of immersion after the end 
of electrolysis; the order was exactly the same as in high-temper- 
ature tinting. Sooner or later the colour ceased to change further, 
although a prolonged exposure of about 12 hours produced patches 
of dull brown oxide on the lower parts of the surface. 

The alteration in hue occurred sharply at each successive position 
of the water level; the metal, when once it had emerged above the 
water line, ceased to change colour further, even where it was still 
wet with a film of liquid, although the immersed portion continued 
to develop. It was, indeed, found that if, after a portion of the 
electrode had emerged from the liquid, it was again submerged by 
reintroduction of liquid into the trough, no further colour change 
occurred on those parts which had been exposed to the air. 

If, immediately after the cessation of electrolysis, part of the 
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cathode was wiped vigorously with a glass rod, a rubber-tipped 
rod, or another piece of copper, the part so treated lost its power of 
colouring, and the place remained unchanged long after the whole 
of the rest of the cathode had become tinted; when at last a change 
set in over the wiped area, only a dirty yellowish-grey or brown 
colour appeared. Vigorous stirring of the liquid also prevented. 
the formation of colours beyond the first brown. 

The time required to produce coloration varied considerably in 
different experiments; and the period which elapsed between 
grinding and electrolysis seemed to be an important factor. In one 
case where grinding was performed just before the introduction 
into the bath, parts of the cathode failed to colour at all. This 
suggested that the presence of a thin invisible oxide film on the 
electrode before electrolysis might be favourable to the production 
of colours. It was difficult, however, to prevent coloration entirely 
by grinding alone, and attention was directed to the possi- 
bility of removing the hypothetical invisible oxide film by acid 
treatment, just before electrolysis. To prevent reoxidation, it 
was decided to plunge the cathode into the bath with the acid 
still adhering; a few drops of acid would quickly be neutralised by 
the large excess of alkali in the bath. Accordingly, isolated drops 
of acid were placed on part of the cathode surface; the electrode was 
then plunged into the electrolysis bath, and the current at once 
turned on. The parts wetted with acid were clearly distinguishable 
after the commencement of electrolysis, since hydrogen bubbles 
occurred here many seconds before they appeared on the main 
portion (owing, no doubt, to the high local hydrion concentration) ; 
the shapes of these areas were sketched on paper. After about 30 
seconds, hydrogen evolution became general over the whole surface. 
When the electrolysis was over, and the copper was allowed to colour, 
the centre of the acid-treated areas became tinted, but around the 
limits of the acid-treated areas were belts of unchanged copper, 
showing no colours whatever. Numerous other experiments, 
performed in different manners (both with N- and 5N-acid), gave 
confirmatory results. 

Separate experiments were then made on the action of dilute 
sulphuric acid (both N and 5N) on copper covered with a visible 
film of cuprous oxide obtained by heating in air. A drop of acid 
placed on the oxidised surface produced black, spongy copper 
(due to the instability of cuprous sulphate); but as the drop spread 
slowly outwards over the oxidised surface, a zone of clean bright 
copper was produced at the edge of the drop, the copper being precip- 
itated preferentially on the nuclei of spongy copper already present 
in the central portion. Combining this result with that of the 
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previous experiment, it becomes evident that compact copper which 
ws quite free from oxide and from porous copper is not easily rendered 
colourable by cathodic treatment ; but that porous copper, whether 
produced by the action of acid or by cathodic action on an invisible 
oxide film, makes the surface readily colourable. 

A strip of freshly ground copper was heated in a flame along the 
left-hand edge, so as to produce a narrow brown rim, the rest of 
the strip being unchanged in appearance, although probably 
covered with an oxide film too thin to give the first oxidation tint. 
The strip was then subjected to cathodic treatment in the ordinary 
way, and allowed to colour. The coloration occurred most quickly 
at the left-hand edge, the colours appearing more and more slowly 
as the right-hand side was approached. The effect, however, 
extended far into the region wherein no visible alteration had occurred 
when the copper was heated. Evidently the presence even of an 
invisible oxide film is a favourable condition for subsequent cathodic 
coloration. 

Parallel experiments showed that copper which had been ground 
and. heated in dry air for } hour at 95° coloured much more quickly, 
and also more uniformly, than freshly ground copper. The heating 
at this temperature—in the absence of moisture—did not in itself 
cause any alteration in the appearance of the copper, and was 
adopted as preliminary treatment before all the ‘“ closed vessel ”’ 
experiments. 

Experiments with non-uniform current density showed that 
the colouring was essentially independent of the current density. 

Closed-vessel Hxperuments in the Thermostat Apparatus.—When a 
zinc anode was employed (to avoid the anodic production of oxygen), 
it was found possible—by continuing the exhaustion of the bell-jar 
throughout the experiment—to prevent any coloration other than 
a pale brown. But when the apparatus was filled with purified air, 
the colours appeared quickly after the termination of electrolysis, 
showing that the production of tints is not due to any atmospheric 
impurity, such as hydrogen sulphide. 

Under thermostatic conditions, the colours produced without 
stirring were not uniform, the colour near to each position of the 
water level being more “‘ advanced ”’ than that below. This was 
clearly due to the fact that oxygen reached the metal close to the 
water level more readily than it reached the part well below the 
surface. A similar lack of uniformity in each zone had been noticed 
in some of the experiments made in open cells (no doubt when the 
convection currents were not adequate to circulate the oxygen); 
but it became a serious problem when the closed-vessel experiments 
were commenced, for under thermostatic conditions ordinary thermal 
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convection and also “ Adeney streaming” (Phil. Mag., 1923, 45, 
835) were excluded. i ‘ 

To obtain uniformity of oxygen concentration throughout the 
liquid, it was decided to bubble the air cautiously through the liquid 
(violent bubbling would destroy the colouring power of the cathode) ; 
under any conditions, coloration proceeded up to a point, and then 
no further change of tint occurred. Experiments wherein four 
cathodes, which had received electrolytic treatment for different 


periods, were simultaneously exposed to dissolved oxygen showed 


that the longer the time of electrolysis, and the more gentle the 
stirring, the more advanced was the final tint attained. On the 
other hand, thorough stirring gave brighter and more uniform colour 
than gentle stirring. In one experiment, conducted at 17-7°, with 
gentle stirring produced by electrolytic gas (a subsidiary cathode 
being provided below the anode), the cathode electrglysed for 20 
minutes reached the second-order red; that electrolysed for 10 
minutes attained greenish-grey (first order); that electrolysed for 
5 minutes reached reddish-brown (first order), whilst that electrolysed 
for only 1 minute was nearly unchanged, being only slightly brown. 

A more satisfactory method of obtaining the advanced colours 
consisted in blowing dried air on to the liquid surface from a tube 
just touching the liquid; this produced tremors over the surface, 
without causing bubbles to rise through the liquid. In one experi- 
ment, four cathodes were subjected to electrolysis for 20, 10, 5, and 
2 minutes respectively. Liquid was then withdrawn at intervals, 
air being blown on to the surface between the occasions of removal 
at the rate of 200 c.c. per minute; the temperature was kept within 
0:1° of 21-:7°. The cathode which had received 10 minutes’ 
electrolysis became red-brown in 2 minutes, bluish-mauve in 4 
minutes, and blue in 6 minutes. It then passed through green-grey 
and reached the second-order yellow in 16 minutes, and then passed 
through pink to bluish-grey, which was the final tint attained. The 


cathode electrolysed for 20 minutes developed slightly faster, and 


those electrolysed for 5 minutes or 2 minutes rather slower. But in 
all cases second-order tints were reached. 

Mechanism of Cathode Coloration.—There seems no doubt that the 
colouring agent is hydrogen stored in the copper; through alternate 
oxidation and reduction, the film will tend to be more porous than 
that obtained in the absence of hydrogen, and thus visible thickness 
will be reached. The charge of hydrogen will depend on the time 
of electrolysis, but not on the current density (which has little effect 
on the over-potential, that is, on the supersaturation at the surface) ; 


this explains the effect of time of electrolysis on the final tint attained. 


Stirring and withdrawal into air will allow the hydrogen to escape 
4 o* 
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before it has done its work, and will thus destroy the colouring 
power. 

It remains to explain why an invisible oxide film is favourable 
to subsequent coloration. Nearly all heterogeneous reactions com- 
mence at nuclei and spread out from them. It seems likely that at 
high temperatures the oxide nuclei produced on metal exposed to 
air are so close together that the oxide phase extending from the 
different nuclei soon comes to form a film of practically constant 
thickness. But at low temperatures, the ‘‘ nucleus number” is 
doubtless much smaller; if the surface layer consists of ordinary 
compact copper, the oxidation, extending from sparsely distributed 
points, will fail to produce a film of constant thickness—at least for a 
considerable time. But a layer of porous copper with a true surface 
vastly exceeding the apparent surface will yield a far greater number 
of nuclei per unit apparent area, and the film formed may then quickly 
reach an approximately uniform thickness of the order needed to 
give interference colours. This also explains why wiping the surface 
(which will remove the spongy copper) destroys the colouring power. 

Experiments on the Anodic Oxidation of Copper in N/10-Sodium 
Hydroxide at Different Current Densities—At 3-5 m.a./sq.cm., 
oxygen was evolved on the copper anode, which in 16 hours under- 
went no important change over the immersed portion; but two 
thin dark lines appeared just above and below the water level, as 
though the protective oxide film which prevented attack elsewhere 
had:here broken down (the water level is the usual place for such a 
break-down. Compare U. R. Evans, J. Soc. Chem. Ind., 1925, 
44,1637). There was also some velvety black deposit on the back 
where the electrode touched the glass. Black cupric oxide had 
collected as a loose precipitate on the bottom of the trough, whilst 
a very adherent black layer had been produced on the glass on each 
side of the electrode at the water level. The liquid was found, 
after filtration, to contain copper. Apparently at the water line 
the copper had passed into solution as sodium cuprate, which hydro- 
lysed, yielding cupric oxide, partly in the liquid, partly on the surface 
of the glass, and to some extent on the copper also. Electrolysis 
at 1 m.a./sq.cm. yielded similar results. 

At 0:25 m.a./sq.cm. the behaviour was quite different. No 
oxygen bubbles appeared on the anode, which began to turn brown 
within 6 minutes; after an hour it was wholly covered with a velvety 
black deposit. At the end of 5 hours, the anode was taken out and 
dried. The velvety deposit had a matt sooty character, the lustre 
of the copper being lost; the appearance suggested that the sooty 
deposit was a secondary product—not due to direct oxidation. 
Very possibly—when the current density is insufficient to produce 
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passivity—the copper suffers anodic attack, yielding sodium cuprate, 
which (in the absence of the stirring due to oxygen evolution) 
decomposes in contact with the copper itself, yielding the velvety 
black deposit of oxide. An experiment at 0-1 m.a./sq.cm. gave a 
similar result. 

Several experiments were performed also with mechanically 
stirred electrolyte. An experiment at 0:1 m.a./sq.cm. produced 
colours on the anode as well as on the cathode. The colours on the 
anode appeared in the same sequence as those on the cathode, and 
in the well-stirred solution were quite brilliant. It seems quite 
possible that even these brightly coloured anodic oxide films may 
be produced by decomposition of cuprate. 

Blank specimens to which no external current was applied showed 
no change in the time (4 to 2 hours) required to produce advanced 
colours on cathode and anode. But copper strips half-immersed 
in N/10-sodium hydroxide for one night showed the familiar 
“ differential aeration phenomena.’ The upper (cathodic) part to 
which oxygen had best access merely acquired a brown tarnish, 
whilst the lower (anodic) portion became covered with a black matt 
deposit; there were narrow black lines along the water level. 

The Effect of an Invisible Oxide Film on the Chemical Behaviour 
of Copper.—Further information on this point was obtained by 
means of silver nitrate—a plan suggested by the work of Dunstan and 
Hill (J., 1911, 99, 1853) and that of Bengough and Hudson (J. Inst. 
Metals, 1919, 24, 107). Copper exposed to dry air for 17 hours was 
darkened by N/25-silver nitrate much less quickly than freshly 
ground copper; exposure to carbon dioxide had no such effect, which 
must be attributed, therefore, to oxidation, not to self-annealing. 

A strip of copper was held in pliers at one end and the other end 
brought over the flame of a burner, so as to give the ordinary sequence 
of colours. After cooling in a desiccator, an area at the unheated 
end was again ground with emery, and the whole length of the strip 
was dipped under N/25-silver nitrate. The freshly ground portion 
blackened immediately, whilst at the other end the area covered by 
very thick scale began to develop glittering crystals of silver within 
10 seconds, probably owing to cracks in the scale. But after 
35 seconds the area covered by the first-order tints, and also the 
region adjacent to the first-order brown upon which no tint was 
visible, were practically unchanged apart from a very few, tiny 
crystals of silver. The protective action of the invisible film was 
here very clearly marked. 


UNIVERSITY CHEMICAL LABORATORY, 
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CCCXLI.—The Electrical Conductivity of Phosphorus 
Pentachloride. 


By Greorce Wittiam Fraser Honroyp, Harry CHADWICK, 
and JosrepH Ernest HatstHaD MITCHELL. 


Azovut 2 years ago, one of us (G. W. F. H., Chem. and Ind., 1923, 
348) suggested that when phosphorus trichloride (I) combines with 
chlorine it is probable that the ions (II) and (IIL) are produced. 


“Cl! 

“Cl! “CL PCL: 
‘O17 PION oor Sika: eo) 9 
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In this connexion, using a cell with a constant of about 0-6 and 
applying an #.M.F. of 6 volts, we found that a saturated 
solution of phosphorus pentachloride in nitrobenzene gave a current 
of 0-009 amp., a 1-5°% solution of hydrogen chloride in nitrobenzene 
gave 0:0007 amp., phosphorus trichloride introduced into nitro- 
benzene with no special precautions to exclude moisture gave a 
just perceptible current, whilst the following gave no current: 
(1) nitrobenzene; (2) solutions of phosphorus pentachloride in 
(a) ethylene dibromide, (b) benzene, (c) phosphorus trichloride ; 
(3) hydrogen chloride in ethylene dibromide; (4) hydrogen chloride 
in phosphorus trichloride. 

Plotnikov (Z. physikal. Chem., 1907, 48, 220) observed that 
phosphorus pentabromide dissolved in bromine conducted the 
current, but he states (Chem. and Ind., 1923, 750) that phosphorus 
is formed at the cathode and combines with the bromine to form 
pentabromide. _ 

We propose to examine the nature of the ions formed in the 
case of the pentachloride, and to examine the solution of this 
substance in nitrobenzene in other respects, and desire to reserve 
this field of investigation for the present. 


ExPERIMENTAL. 


The chlorides of phosphorus were prepared in the following 
manner. Yellow phosphorus was melted in a stout tube, and 
water which rose to the surface was removed with filter-paper. 
The phosphorus was sucked up into a glass syringe, where it was 
allowed to solidify. The narrow nozzle of the syringe was passed 
through a rubber stopper into a tube from which dry nitrogen was 
issuing. Into this tube the phosphorus was discharged. From 
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this tube the phosphorus was distilled in dry atmospheric nitrogen 


into a receiver. 


From the latter the phosphorus was run into a 


second tube, which was then sealed off from the receiver, and 


from which the phosphorus was 
again distilled in dry atmo- 
spheric nitrogen and collected 
in bulbs holding 0-5 to 5 g. of 
phosphorus. These bulbs were 
then sealed off, cleaned, and 
introduced into the tube A (see 
Fig.). The latter was sealed off, 
filled with dry nitrogen, and the 
bulb was broken with the help 
of a magnet acting on F. 

Chlorine, prepared from di- 
chromate and hydrochloric acid 
through which hydrogen chlor- 
ide had been passed to expel air, 
was washed and dried and 
_ passed over the phosphorus in 
such quantity as to form the 
trichloride or the pentachloride. 
In the latter case, excess chlorine 
was expelled by dry nitrogen. 
The inlet and outlet tubes were 
then sealed, and the cell below 
the diaphragm was filled with 
nitrogen and sealed. 

For solutions of phosphorus 
pentachloride in nitrobenzene, 
the latter was introduced into 
the cell before sealing. Com- 
munication between the tube 
A and the cell was then made 
by breaking the diaphragm. 

The phosphorus had a great 
tendency to remain liquid after 


Fig. 1. 


P, bulb of phosphorus; F, iron rod 


sealed up in glass tube; S, frail glass 
support; B, bulb with spiked top; 
D, diaphragm; C, conductivity cell ; 
R, reaction chamber ; f, similar to F. 


being sealed up in the bulbs, remaining liquid in one bulb for more 


than 6 months. 


THe MunicrpaL TECHNICAL COLLEGE, 


BLACKBURN. 


[Received, August 26th, 1925.] 
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CCCXLII.—The Occurrence of Sylvestrene. 


By B. Sansgtva Rao and Jonun LionEL SIMONSEN. 


Ir has been shown in previous communications (J., 1920, 117, 
571; 1922, 121, 2294; Ind. For. Rec., 1924, 10, 161) that it is a 
characteristic property of d-A®-carene and d-A*-carene to yield 
on treatment with hydrogen chloride a mixture of sylvestrene 
dihydrochloride and dipentene dihydrochloride, the dicyclic system 
being disrupted by fission of the cyclopropane ring. To students 
of terpene chemistry the occurrence in nature of the hydrocarbon 
sylvestrene has always appeared to be somewhat anomalous, because 
it is the only naturally occurring terpene derived from m-cymene, all 
the other members of the group being p-cymene derivatives. 

Although sylvestrene has been reported present in a considerable 
number of oils (‘‘ Organische Chemie,’’ Beilstein, 4th ed., V, 125), 
it occurred to us that the hydrocarbon may not actually exist as 
such in nature, but that it may arise during the process of isolation 
and purification. A careful survey of the somewhat extensive 
literature appeared to us to offer sufficient support for this hypothesis 
to warrant its further investigation. 

Sylvestrene was first ‘isolated by Atterberg (Ber., 1877, 10, 
1023) from Swedish pine-tar oil derived from Pinus sylvestris, 
and its constitution was subsequently established by the investig- 
ations of Wallach (Annalen, 1885, 230, 240; 1887, 239, 24), of 
Baeyer (Ber., 1894, 27, 1915; 1898, 31, 2067), and of Perkin and 
his collaborators (J., 1907, 91, 482; 1908, 93, 1888; 1913, 103, 
2229). For the identification of the hydrocarbon, Atterberg (loc. 
cit., p. 1208) treated the appropriate fraction of the oil with hydro- 
gen chloride, when sylvestrene dihydrochloride, m. p. 72°, was 
readily obtained. This method appears to have been adopted 
by all subsequent investigators. It is not without significance 
that Atterberg (loc. cit., p. 1208) in one experiment could obtain 
only a dihydrochloride, m. p. 50° (the melting point of dipentene 
dihydrochloride), since it has been shown that in some cases d-A?- 
carene on treatment with hydrogen chloride yields dipentene 
dihydrochloride in larger quantity than sylvestrene dihydrochloride 
and the former therefore crystallises on cooling. Reference to the 
formation of dipentene dihydrochloride during the purification of 
sylvestrene is also made by Bertram and Wahlbaum (Arch. Pharm., 
1893, 231, 301), who separated the latter only by prolonged fractional 
crystallisation and were unable to establish the presence of dipentene 
in the original oil by the direct preparation of its derivatives. 

Perhaps the most characteristic property of sylvestrene, a reaction 
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not shown by any other monocyclic terpene, is the deep blue colour 
developed by an acetic anhydride solution of the hydrocarbon 
when treated with a drop of concentrated sulphuric acid. The 
absence of this reaction in the case of the crude terpene separated 
from the oil of P. sylvestris was observed by Wallach, but in spite 
of this he was inclined to regard the presence of the terpene in the 
original oil as being established. Bertram and Wahlbaum (loc. 
cit., p. 299), working with Swedish pine-needle oil from P. sylvestris, 
obtained a faint violet coloration, and a similar observation was 
made by Umney (Pharm. J., 1895, 55, 167), working with Scotch 
pine-needle oil. Morner (Svensk Farm. Tids., 1909, 317), in a 
paper which does not appear to have been abstracted, has made a 
full and careful investigation of the colour reactions of the various 
fractions of the oil from P. sylvestris. He found that all fractions 
of the oil boiling below 185° gave a transient violet coloration, and 
that an indigo-blue colour was given only by the sesquiterpene 
fraction, which is known to contain cadinene. He specifically 
mentions that the blue colour shown by certain samples of the 
whole oil from P. sylvestris needles cannot be due to the presence 
of sylvestrene. In a. later communication (ibid., p. 1913), he 
established the same facts in the case of the oils derived from 
P. sylvestris, P. pumilio, and P. abies of varying origins. The 
evidence, therefore, appeared to be against the existence of sylves- 
trene in these oils, and it is significant that a transient purple or 
violet coloration is characteristic of carene. 

We have submitted the oil from P. sylvestris to a very careful — 
examination. The oil used by us was obtained from A. Carlsson’s 
Enkas Tallbarrolye Fabrik, Jonk6ping, Sweden, and was of un- 
doubted authenticity. We have been quite unable to find any 
trace of sylvestrene in the oil, although we have found it to contain 
d-A3-carene in considerable quantity. 

This hydrocarbon was identified by the preparation of the char- 
acteristic nitrosate (decomposing at 147-5") and also by the form- 
ation of sylvestrene dihydrochloride, m. p. 72°. d-A’-Carene was 
found to be present in all the fractions of the oil boiling below 
180° (more than 70% of the total distillate), except in that distilling 
at 153—157°/684 mm. (see p. 2497). From the sesquiterpene 
fraction (b. p. 185—187°/100 mm.) l-cadinene was separated as 
the dihydrochloride, and this fraction of the oil gives the well- 
known colour reactions associated with this sesquiterpene. We 
consider ourselves justified in stating that the oil from P. sylvestris 
of Swedish origin contains d-A®*-carene and does not contain 
d-sylvestrene, the previous isolation of d-sylvestrene from the oil 
being due to the decomposition of the dicyclic terpene. 
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We have also examined a small sample of the oil from P. pumilio, 
of unknown origin, obtained by purchase from Messrs. Boake, 
Roberts and Co. The oil was considerably resinified and therefore 
had a high density; like the oil from P. sylvestris, it was found to 
be free from sylvestrene whilst containing A%-carene. This terpene 
thus appears to occur somewhat frequently in nature, and in view 
of its ready identification by means of the sparingly soluble nitrosate, — 
its detection presents little difficulty.* 

The probable absence of sylvestrene from natural terpenes is 
not without theoretical importance. If, as is generally assumed, 
the terpenes and sesquiterpenes arise from polymerisation of two 
or more molecules of isoprene, the occurrence of sylvestrene would 
offer no difficulty (I, II, III, and IV). 
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Recently, however, Ingold (Annual Reports, 1924, 24, 102) has 
suggested that the geraniol chain (V) may more correctly be regarded 
as the first stage in the union of two isoprene molecules, with - 
subsequent condensation to the dipentene (p-cymene) type (II). 


(V.) ¢ } ¢ 
2 se Oirtee Urionn Bron ioe Carn Warcan Oyen 0 
This proposal, owing to its simplification of sesquiterpene 
chemistry, has obviously much to recommend it; but it would 
clearly be inapplicable if sylvestrene occurred in nature. The proof 
offered in this note of the absence of sylvestrene in the oils from 
P. sylvestris and P. pumilio makes it improbable that this terpene 
occurs in other oils and thus lends support to Ingold’s suggestion. 
We wish to take this opportunity of expressing our thanks to 
Professor V. Henriques of the University of Copenhagen for 
obtaining for us the sample of the oil from P. sylvestris, without 


memryenre CE), 


* Aschan (A., 1919, i, 336) has stated that during an investigation of 
Finnish turpentine he succeeded in isolating a new hydrocarbon, b. p. 163— 
165°, which, since it yielded pinene nitrosochloride, was closely related to 
a-pinene. We have been able to consult this paper in abstract only, but we 
venture to suggest that in all probability he was dealing with a mixture of 
a-pinene and A®-carene, which are very difficult to separate. 
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which it would not have been possible for us to undertake this 
investigation. 
EXPERIMENTAL. 
Section I. The Oil from Pinus sylvestris. 

The oil used in these experiments was pale yellow in colour and 
after drying over anhydrous magnesium sulphate had the following 
constants: d:0-8661, nj 14729, [«]5° + 13-2°, acid value 0-28, 
saponification value 6-7, saponification value after acetylation 15-0. 

A quantity of the oil was subjected to a prolonged systematic 
fractionation using a four-pear Young still-head, the distillation 
being carried out at first under diminished pressure and finally 
at the ordinary pressure, when the following fractions were 
obtained : | 


TaBLeE [. 
Yield % of 
No.  B.p. (684 mm.). ain. n>. [a]}?. original oil. 
i 153—157° 0:8553 1-4637 + 20-0° 17-4 
ii 157—161 0:8553 1-4656 +16-7 18-7 
iii 161—167 0:8556 1-4676 +11-7 30-0 
iv 167—176 0-8573 1-4711 + 8-0 8-1 


Fraction (i). This fraction consisted of nearly pure «-pinene, 
the presence of this hydrocarbon being established by the prepar- 
ation of the nitrosochloride decomposing at 107° and the nitrol- 
piperide, m. p. 118—119°. 

Fraction (ii). This fraction consisted of a mixture of «-pinene, 
B-pinene, and d-A®-carene. The presence of a-pinene was proved 
by the preparation of the derivatives mentioned above and by 
oxidation to pinonic acid (semicarbazone decomposing at 207°); 
8-pinene was shown to be present in very small amount by oxidation 
to nopinic acid, identified by the method of mixed melting points. 
The presence of d-A?-carene was established by the preparation of 
the nitrosate, which, after recrystallisation, decomposed at 147-5° 
and was found to be identical in every way with a specimen of the 
nitrosate from another source. On treatment of a portion of the oil 
with hydrogen chloride, d-sylvestrene dihydrochloride was obtained 
which melted at 72°, and this m. p. was unaltered on admixture 
with a specimen of the d-dihydrochloride from another source. 

Fraction (iii). This fraction consisted essentially of d-A®-carene 
(nitrosate, decomp. 147-5°; d-sylvestrene dihydrochloride, m. p.7 aM 
When oxidised in acetone solution with potassium permanganate, 
only a very small trace of a keto-acid was formed, and this was 
identified as pinonic acid. No indication was obtained of the 
presence of either A*-carene or (-pinene. When dissolved in 
chloroform and treated with a chloroform solution of bromine, one 
molecule of bromine was absorbed, the fairly sharp end-point 
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indicating the probable absence of any but dicyclic terpenes in 
this fraction of the oil. When dissolved in acetic anhydride and 
treated with a drop of concentrated sulphuric acid, a transient 
‘purple coloration was observed. 

Fraction (iv). This fraction consisted of nearly pure d-A®-carene. 

During the distillation of the oil a considerable fraction was 
obtained which distilled above 115°/100 mm.; after treatment with 
alcoholic potassium hydroxide solution to hydrolyse any esters 
present, the residual oil was carefully fractionated, when two main 
fractions were obtained: (a) b. p. 167—173°/683 mm., which was 
identified as d-A®-carene (d): 0-8573, ni? 1-471; nitrosate, decomp. 
147-5°), and (b) a viscid, yellow oil, b. p. 185—187°/100 mm. This 
after distillation over sodium had the constants d3: 0-9082, nz 
1-499, [a]#” + 240°. When it was dissolved in acetic anhydride 
and treated with a drop of concentrated sulphuric acid, an emerald- 
green colour was obtained which changed to deep indigo-blue. 
This colour reaction was due to the presence of /-cadinene, the 
presence of which was established by the preparation of the di- 
hydrochloride, m. p. 118°; and this m. p. was not depressed on 
admixture with an authentic specimen. In chloroform solution 
(5%), [a]i? = — 38-1°, which is in good agreement with the value 
found by Wallach ([«]) — 36-8°) (Annalen, 1899, 252, 150) for this 
substance. 

Section II. The Oil from Pinus pumilio. 


The oil, of which only slightly more than 100 g. were available for 
examination, was dried over anhydrous magnesium sulphate and 
the constants were determined: d3%:0-9221, mn’ 1-4831, [a]¥ 
— 9-3°, acid value 7-5, saponification value 31:5, saponification 
value after acetylation 89-6. The density of the oil was consider- 
ably higher than had been previously observed for samples of this 
oil, a fact probably due to the oil containing a large quantity of 
resinous material, which remained behind in the distilling flask on 
fractionation. 

After the separation of the portion distilling above 140°/100 mm., 
the oil * was fractionated at the ordinary pressure, when the following 
fractions were obtained :— 


TaBie IT. 
Yield % of the 
No.  B.p. (685 mm.). a3. n>, [a]3". original oil. 
i 155—160° 0-8512 1-4648 — 12-6° 16-5 
ii 160—163 0-8529 1-4675 —14-7 14:3 
lii 163—166 0-853 1-4691 —15-7 7-0 
iv 166—175 0-8561 1-4711 —21:3 8-0 


* Prior to distillation, the oil was treated with an alcoholic solution of 
potassium hydroxide to remove the free acids and to hydrolyse any esters. 
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An examination of these fractions has shown fraction (1) to 
consist essentially of «-pinene (nitrosochloride, decomp. 107°; 
nitrolpiperide, m. p. 118—119°); A’-carene was absent, since no 
crystalline nitrosate was obtained. Fractions (ii) and (i?) con- 
tained «-pinene and A*-carene,* since both fractions gave a nitroso- 
chloride (decomp. 107°) and a nitrosate (decomp. 147:5°). Owing 
to the small quantity of material available, no attempt was made 
to examine these fractions for @-pinene, the presence of this hydro- 
carbon in the oil from P. pumilio having been established by previous 
workers. 

Fraction (iv) consisted mainly of A®-carene, an excellent yield of the 
nitrosate being obtained. When it was dissolved in acetic anhydride 
and treated with a drop of concentrated sulphuric acid, a transient 
purple coloration was observed, but the blue coloration characteristic 
of sylvestrene could not be obtained. 

The higher-boiling fractions of the oil were not examined. 

INDIAN INSTITUTE OF SCIENCE, 

BANGALORE. [Received, September 14th, 1925.] 


CCCXLITI.—The Colorimetric Dissociation Constants of 
8 .5-Dinitrocatechol and 4: 6-Dinitroresorcinol. 


By Frank CuarLes Laxton, Epmunp BrypGcEes RUDHALL 
PripEavux, and Witt1am HowaRpb RADFORD. 


Tur investigation of the colorimetric dissociation constants of 
the nitroquinols (Prideaux and Nunn, J., 1924, 125, 2110) has 
now been extended to include 3 : 5-dinitrocatechol and 4 : 6-dinitro- 
resorcinol. ‘These compounds show fewer colour changes than 
the nitroquinols, and therefore give fewer colorimetric constants. 
Substantially the same methods of colour matching and deter- 
mination of px were used, viz., (i) the drop method, with alkaline 
2: 4-dinitrophenol as standard for the amount of substance trans- 
formed, (ii) the drop method with completely transformed indicator 
as standard (loc. cit., p. 2113), (111) the method in which, by the 
addition of N drops of indicator, the colour of the solution is made 
to match that of a combination of an alkaline solution of the dinitro- 
phenol containing x drops of the indicator and an acid solution 
containing N—zx drops (loc. cit.) : 


De = Pu + log {(N — 2)/#}. 


* Tt was not determined if A*-carene was present in the dextro- or levo- 
rotatory form. 
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3: 5-Dinitrocatechol.—This compound was obtained in yellow, 
hexagonal plates, m. p. 164°, by Nietzki and Moll’s method (Ber., 
1893, 26, 2183). 

Colorimetric Constants——The colour changes were investigated 
by means of a British Drug Houses comparator and a set of solu- 
tions ranging in pg from 4:22 to 12:05. Each tube contained 
10 c.c. of buffer solution and 5 drops of an M/20-solution of the 
indicator. Dinitrocatechol was colourless in acid solutions. The 
full yellow colour occurred at pg 5-34 and was constant up to 
Pu 7°6. ‘The orange colour, obviously transitional, was not con- 
stant over any appreciable range of pg and so was not investigated. 
The complete reddish-brown stage occurred at pp 12-05 and was 
unchanged by the addition of N/5-alkali. In presence of very 
strong alkali (6N-potassium hydroxide), this indicator developed 
a purple colour. 

As dinitrocatechol, owing to its orange-yellow colour, could not 
be matched against dinitrophenol, p,;, and p,, were determined by 
method (iii); the tube containing the acid solution, which was 
colourless, was omitted in each case. Four tubes were prepared 
containing 10 c.c. of buffer solution of pg 3-1, 3-337, 3-674, and 
3-911, respectively. A match was obtained under the following 


conditions : 
Full yellow. 


x Of solution. (above 5:34) 3-1 3:°337 3-674 3-911 
Drops of 1 /20-D.N.C. a 8 18 14 11 10 
b 12 28 21 17 15 
fa 3°20 3:21 3°25 Anes 
Pu \b 3-22 3-21 3-29 3-31 
Mean 3-21 3°21 3°27 3:31 Grand mean 3:25. 


The halfway change is obviously between pg 3:1 and 3-337. 
Determination of py,.—Halfway change. A yellow solution in 
which the first change was complete (pq 6-47), containing 5 drops 
of the indicator, placed behind a reddish-brown alkaline solution (Pu 
above 12-05) containing 5 drops of the indicator, matched a solution 
of pz 10-39 containing 10 drops of indicator. 
Pr = Pa + log (N — x)/x = 10-39 + log 5/5 = 10-39. 
Quarterway change. A yellow solution of pg 6-47 containing 
9 drops of indicator placed behind an alkaline solution containing 
3 drops of indicator, matched a solution of pg 9-83 containing 
12 drops of indicator. 
Ph = Pa + log (N — x)/x = 9-83 + log 9/3 = 10°31. 
2-Nitroresorcinol.—This compound was made by Kauffmann 
and Pay’s method (Ber., 1904, 37, 725). 
Solutions were prepared as in the case of dinitrocatechol ranging 
in Px trom 4-22 to 12-05, and tested with an /20-alcoholic solution 
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of the nitroresorcinol. Even in acid solution the indicator showed 
a pure yellow colour, and therefore it was not possible to determine 
Pr, Which must have been very low. 

The colour, the first darkening of which was noticed at py 5:34, 
became a full reddish-brown at py 7-6 and faded to a pale dull brown 
at a higher pg. The colours in all cases were less intense than 
those given by dinitrocatechol in a solution of the same strength. 
_ Determination of pz,—Halfway change to reddish-brown. An 
acid solution containing 8 drops of the indicator, placed behind the 
reddish-brown solution (pg 7:6) containing 8 drops of the indicator, 
matched a solution (pq 6-47) containing 16 drops of the indicator. 


Pi, = Pu + log (N — x)/x = 6-47 + log 8/8 = 6-47. 
Quarterway change. An acid solution containing 12 drops of 
the indicator, placed behind a reddish-brown solution (pg 7:6) 


containing 4 drops of the indicator, matched a.solution (py 5-68) 
containing 16 drops of the indicator. 
Pi = Pa + log (N — x)/x = 5-68 + log 12/4 = 6-16. 

Three-quarterway change. An acid solution containing 2 drops 
of the indicator, placed behind a reddish-brown solution (pg 7-6) con- 
taining 6 drops of the indicator, matched a solution (pa 6-87) 
containing 8 drops of the indicator. 

Ply = Pu + log (N — x)/x = 6-87 + log 2/6 = 6:39. 

The mean value for p;, is 6°34; hence &, for the second change 
is 4:57 x 10%. 

4. : 6-Dinitroresorcinol—This compound was obtained in yellow 
prisms, m. p. 214:5°, by Typke’s method (Ber., 1883, 16, 552). 
It is only sparingly solublé in water or alcohol. A saturated 
alcoholic solution was used containing 0-12 g. per 100 ¢.c. As in 
the former cases, a set of solutions was prepared of various pu 
values and tested with the indicator. 

Solutions of yg less than 3-1 were colourless; for higher values, 
the colour was yellow and deepened up to pz 6:47; there was no 
further change after the full yellow colour had developed. 

The halfway change to the yellow was found as in the two previous 
Cases: py, = 4:22. 

The apparent strengths of the substances as deduced from their 
colorimetric constants (p;,,) are: 2-nitroresorcinol, very low: 
2: 5-dinitroquinol, 2:8; mononitroquinol, 3-25; 3 : 5-dinitrocate- 
chol, 3-25; 4: 6-dinitroresorcinol, 4-22, i.e. the strengths diminish 
in the order given. 


University CoLLecEe, NoTrincHaM. [Received, July 29th, 1925.] 
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CCCXLIV.—Symmetrical Substitution Derivatives of 
Trimethylene Dibromide and Pentamethylene Di- 
bromide. inde 


By Witt1am Hopson Minus and Lestiz Bars. 


SYMMETRICALLY substituted trimethylene or pentamethylene di- 
bromides of the types CH,Br-CRR’-CH,Br and 
CH,Br-CH,:CRR’-CH,°CH,Br 

(where R, may be a hydrogen atom) would be of value for the 
synthesis of several compounds of stereochemical interest, but such 
dihalides have not hitherto been described. We have therefore 
undertaken the preparation of representatives of each class. 

The first compound of the kind which we investigated was 
B-phenyl-B-methylirimethylene  dibromide  [wy-dibromo-B-phenyl-- 
methylpropane] (IV). 


CH,Cl*CO,Et hydrolysis Ph 


Ph 
Naone > M7 CXg7CH-0O, Et > jy CH:CHO 
(I.) (II.) 


Ph 
CO 


m0 Ph. -CH,-OH 2 Ph. CH,Br 
500, Me>C<CH;OH — Me?OScH’Br 
(III.) (IV.) 


The starting point for this preparation was hydratropaldehyde 
(II), which is readily obtained by the method of Darzens (Compt. 
rend., 1904, 139, 1214; compare Claisen, Ber., 1905, 38, 703) from 
acetophenone through ethyl £-phenyl-@-methylglycidate (I). We 
found that, like other disubstituted acetaldehydes (Apel and 
Tollens, Ber., 1894, 27, 1087; Just, Monatsh., 1896, 1'7, 76; com- 
pare Neustadter, Annalen, 1907, 351, 294), hydratropaldehyde 
reacts with formaldehyde and alkali to give a glycol. In this case, 
however, the reaction takes place with great readiness and, although 
potassium carbonate was used as a condensing agent instead of a 
caustic alkali, the glycol was obtained directly, and no trace of 


an aldol, which presumably forms an intermediate stage in the 


reaction, could be detected (compare Wessely, Monatsh., 1900, 24, 
216). The conversion of the glycol into the dibromide, however, 


presented considerable difficulty. It was finally effected through — 
the prolonged action of hydrogen bromide on the glycol diacetate 


(see Perkin and Simonsen, J., 1905, 87, 855). 


Suspecting that this difficulty was connected with the presence : 


in the molecule of two substituents, phenyl and methyl, on the — 
same carbon atom, we prepared the simpler compound, B-phenyl- | 


| 
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trimethylene dibromide [wy-dibromo-B-phenylpropane] (VI), by the 

action of hydrogen bromide on the diacetate of the glycol (V), 

——-> CHPh(CH,-OH), ——» CHPh(CH,Br), 
i (V.) (VI.) 


which was prepared as described by Prins (Proc. K. Akad. Wetensch. 
Amsierdam, 1919, 22, 21) by the action of trioxymethylene, acetic 
acid, and sulphuric acid on styrene. This diacetate reacted with 
hydrogen bromide much more readily than that of phenylmethy]l- 
trimethylene glycol, and under suitable conditions gave 70%, or 
more, of the theoretical yield of dibromide. 

A y-substituted pentamethylene dibromide could, we found, be 
obtained with comparative readiness from the di-§-phenoxyethyl- 
acetic acid (VII) described by Bentley, Haworth, and Perkin (J., 


(VIL) PhO-CH,-CH,-CH(CO,H)-CH,-CH,OPh —> 
CH,Br-CH,:CH(CO,Et)-CH,-CH,Br (VIL) 


1896, 69, 169). The phenoxy-groups were replaced by bromine by 
heating with concentrated hydrobromic acid and the resulting 
dibromo-acid was converted into y-carbethoxypentamethylene di- 
bromide [ethyl «s-dibromopentane-y-carboxylate] (VII) by treatment 
with alcoholic hydrogen bromide. | 

This compound proved more reactive than the substituted 
trimethylene dibromides, and to investigate its applicability to 
syntheses we studied its behaviour towards piperidine. The two 
substances reacted smoothly, giving a compound which from its 
composition, method of formation and reactions could only be the 
spirocyclic ammonium salt, 4-carbethoxybispiperidinium-1 : 1'-spiran 
bromide (IX). The corresponding reaction between piperidine and 
pentamethylene dibromide was described by von Braun (Ber., 
1906, 39, 4351). 


CH,-CH CH,Br-CH Ar 
2CH<oR?.cH. NE us CH’ Br-CH. CH CO,Et 


CH,-CH CHGS pe 
a | CHa < cron N< CHE CH >CH-CO, Et |Br + C,H, ,N HBr. 
(IX.) 


CHPh‘CH, 


Hz 


It is proposed to make further applications of these compounds. 


| EXPERIMENTAL. 
8-Phenyl-B-methylpropane-ay-diol (III).—A mixture of hydratrop- 
aldehyde (55 g.), formalin (98 c.c. of 38% formalin diluted with 
80 c.c. of water), and potassium carbonate (30 g.) was stirred 
vigorously at 100° for 13 hours. In subsequent preparations 
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sufficient alcohol was added to give a homogeneous mixture when 
hot; this enabled the stirring to be dispensed with. Unchanged 
aldehyde and alcohol were removed by distillation with steam. 
The insoluble product left was taken up in boiling benzene, the 
benzene evaporated, and the residue distilled. The portion boiling 
at 180—210°/15 mm. was nearly pure glycol and solidified in fan-_ 
shaped clusters of silky needles. Crystallised from benzene, the 
glycol forms needles, m. p. 88°, b. p. 184°/17 mm., having a bitter 
taste which develops tardily (Found: C, 72-1; H, 8-5. C, H,,0, 
requires C, 72:2; H, 8-5). It is very soluble in alcohol, com- 
mercial ether, or chloroform. It is less soluble in anhydrous 
ether and is sparingly soluble in benzene. 

The diacetate, CPhMe(CH,:0-CO-CH,),, was prepared by gently 
boiling the glycol for 7 hours with acetic anhydride (24 parts) and 
anhydrous sodium acetate (1 part). The product was isolated by 
pouring into water, extracting with ether, and distilling under 
diminished pressure. It formed a colourless liquid, b. p. 179°/20 
mm. (Found: C, 67-1; H, 7:3. C,,H,,0, requires C, 67:2; H, 
7°3%): Yield 88—91% of the theoretical. 

ay-Dibromo-8-phenyl-8-methylpropane (IV).—The diacetate was 
dissolved in glacial acetic acid saturated with hydrogen bromide 
at O° (6 parts) and heated for 30 hours at 100°. After pouring 
into water, extracting with ether, washing with sodium carbonate, 
and removing the ether, a dark oil (150 g. from 200 g. of the di- 
acetate) was obtained. As examination of this after distillation 
in a vacuum showed that bromination was not nearly complete, 
the treatment with hydrogen bromide in acetic acid solution was 
repeated. The oil (65 g.) gave a product from which, by fractionally 
distilling three times, a fraction (20-5 g.), b. p. 1483—146°/12 mm., 
was obtained. This was the pure dibromide (Found: O, 41-4; 
H, 4:3; Br, 54:55. C, )H,,Br requires C, 41-1; H, 4-2; Br, 54:7%). 
It has a powerful geranium-like odour. 

«-Bromo-y-hydroxy-B-phenyl-B-methylpropane, 

CH,Br-CPhMe-CH,:OH. 
—A solution of the glycol (9 g.) in the minimum of glacial acetic 
acid was saturated at 0° with hydrogen bromide during 3 hours 
and then heated at 100° while a slow stream of the gas was passed 
through it for 7 hours. After keeping over-night, the product 
was isolated by pouring into water, extracting with ether, and 
fractional distillation. The fraction b. p. 173°/15 mm. contained 
the percentage of bromine required for the bromohydrin (Found : 
Br, 34:6. Cj, 9H,,0Br requires Br, 34-9%). 

«-Chloro-y-hydroxy-8-phenyl-B-methylpropane, 
CH,Cl-CPhMe-CH,:OH. 
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—The glycol (10 g.) was added to phosphorus pentachloride (26 g.), 
and the mixture kept at 80° for 2 hours. Water was then added, 
and the product isolated by distilling with steam, extracting the 
distillate with ether, and fractionation under diminished pressure. 
A colourless liquid (2-5 g.), b. p. 118—121°/15 mm., containing 
19-6°% of chlorine was thus obtained. 

Another method of preparation was also tried. The glycol 
(10 g.) was dissolved in pyridine (9-6 g.), and thionyl chloride 
(15 g.) added during 20 minutes. After keeping over-night, the 
mixture was heated at 105° for 14 hours and the product was then 
isolated as in the foregoing experiment. -A colourless liquid (2:8 g.), 
b. p. 122°/19 mm., containing 19-6% of chlorine was obtained. 
The products of the two experiments were united and by refrac- 
tionation a liquid which was regarded as the chlorohydrin was 
obtained, b. p. 117—118°/15 mm. (Found: Cl, 19-2. Cy, )H,,0Cl 
requires Cl, 19-3%). 

a-Bromo-y-acetoxy-b-phenyl-8-methylpropane, 

CH, Br-CPhMe-CH,OAc. 

—The diacetate (30 g.) was dissolved in an equal volume of glacial 
acetic acid, and hydrogen bromide was led in at 90—95° for 10 hours 
after the mixture had become saturated. The product isolated by 
pouring into water, ether extraction, and distillation contained 
only 15% of bromine. The treatment with hydrogen bromide was 
therefore repeated and allowed to proceed for 19 hours. The 
product now distilled at 174—174-5°/18 mm. and was the pure 
bromoacetate (Found: C, 53:2; H, 5-7; Br, 29:5. C,,H,,0,Br 
requires 0,.53°1; H, 5-63, Br, 29-5%): 

ay-Dibromo--phenylpropane  (VI1).—«y-Diacetoxy-8-pheny!pro- 
pane (17:4 g.) (Prins, loc. cit.) was saturated with hydrogen bromide 
in the cold and then kept at 90° for 15 hours whilst a slow stream 
of the gas was led through. The product, which had absorbed 
rather more than the theoretical weight of the gas, was poured 
into water, and the dibromide isolated by extraction with ether and 
distillation. Practically the whole (14-4 g.) boiled at 152°/14 mm. 
and proved to be the pure dibromide (Found: C, 39-5; H, 3-6; 
Br, 57-4. C,H,)Br, requires C, 39-8; H, 3-6; Br, 57-5%). The 
compound has a strong geranium-like odour. 

Ethyl «e-Dibromopentane-y-carboxylate (VIII).—Di-8-phenoxy- 
ethylacetic acid (Bentley, Haworth, and Perkin, loc. cit.) (30 g.) 
was boiled for 10—12 hours with a mixture of constant-boiling 
hydrobromic acid (150 c.c.) and fuming hydrobromic acid (50 c.c.). 
The resulting mixture of di-8-bromoethylacetic acid and phenol, 
after separation from the hydrobromic acid by dilution with water 
and extraction with ether, was dissolved in alcohol, and the solution 
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saturated with hydrogen bromide (3 days) and then kept for a 
week. The product was isolated by addition of water, extraction 
with ether (the phenol being removed by shaking the ethereal 
solution with dilute aqueous sodium hydroxide) and distillation 
under diminished pressure. The dibromo-ester was a heavy oil with 
a garlic-like odour, b. p. 166—167°/19 mm. (Found: C, 32:3; 
H, 4:6; Br, 52-9. C,H,,0,Br, requires C, 31-8; H, 4:7; Br, 
52-9%). : 

4-OCarbethoxybispiperidinium-1 :1'-spiran Picrate (formula corre- 
sponding with IX).—Ethy] «e-dibromopentane-y-carboxylate (17 g.) 
and piperidine (10-6 g.) were dissolved in alcohol (350 ¢.c.) and the | 
mixture was boiled for 48 hours. After evaporation of the alcohol — 
and digestion with ether, the residue was treated with an aqueous 
solution of potassium hydroxide (1 equiv.), and the piperidine set 
free was removed by extraction with ether. The water was then 
completely removed by evaporation under diminished pressure and 
the spiroammonium bromide was separated from the potassium 
bromide by extraction with anhydrous chloroform. Evaporation 
of the chloroform left it as a faintly yellow oil (12-3 g.), which 
rapidly solidified and could be recrystallised from alcohol and ether, 
but was exceedingly hygroscopic. The crude bromide (12:3 g.) 
was therefore converted into the picrate by treatment with a solu- 
tion of picric acid (9-2 g.) in a mixture of alcohol (100 c.c.) and 
water (160 c.c.). The picrate, recrystallised from alcohol, formed 
large, golden-yellow, rhombic prisms (7 g.), m. p. 130° (Found: 
N, 12:1. C,,H,,O,N, requires N, 12-3%). 

4-Carboxybispiperidinium-1 : 1'-spiran Bromide.—The carbethoxy- 
group in the above compound (5-8 g.) was hydrolysed to carboxyl 
by boiling with dilute hydrobromic acid (250 ¢c.c. of water and — 
30 c.c. of constant-boiling acid) for 24 hours. The solution, filtered 
from the picric acid which crystallised on cooling, and freed from 
the remaining picric acid by extraction with ether, left the bromide 
on evaporation as a yellow residue (3-5 g.). Recrystallised from 
glacial acetic acid (10 c.c.) and ether (1 ¢.c.), it formed hard, hemi- 
spherical clusters of small, monoclinic prisms, m. p. 289—290° 
(decomp.). It is very soluble in water and deliquescent (Found : 
C, 47-5; H, 7-3; Br, 28-9; equiv., by titration with sodium hydr- 
oxide and phenolphthalein, 277. C,,H,.O,NBr requires C, 47:5; 
H, 7-25; Br, 28-89%; equiv., 278). 

The picrate, precipitated by the addition of an alcoholic solution _ 
of picric acid (0-45 g.) to an aqueous solution of the bromide — 
(0-55 g.), formed golden-yellow, hexagonal prisms (from alcohol),. — 
m. p. 169—170° (Found: N, 13-2. C,,H,.O,N, requires N, 
131%). 
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CCCXLV.—The Configuration of the Ammonium Ion. 
By Writt1am Hozson Mitts and Ernest HENRY WARREN. 


Or the views which have been put forward respecting the spatial 
configuration of the ammonium salts, those deserving of more 
serious consideration assign to the four positive radicals attached 
to the nitrogen atom a disposition which is either tetrahedral or 
pyramidal, these being the only arrangements in which the valencies 
of the nitrogen atom linking these radicals can be represented as 
inter-equivalent. 


Fie. 1. Fia@: 2: 


The suggestion of a tetrahedral distribution (Fig. 1) was first 
made, as is well known, by van ’t Hoff (“ Ansichten tiber die org. 
Chemie,” 1878, p. 80), long before Pope and Peachey (J., 1899, 
75, 1127) opened the way to the experimental investigation of the 
stereochemistry of the ammonium salts. 

The pyramidal formula (Fig. 2) was proposed by Bischoff (Ber., 
1890, 23, 1197). 

As long as nitrogen was regarded as being truly quinquevalent 
in the ammonium salts and the constitution of these compounds 
was considered to correspond with the symbol I the pyramidal 
formula appeared a priori at least as probable as the tetrahedral, 


R 
R Rt 
(L) yams a F (II.) 


and a careful review of the then available evidence led Jones (J., 
1905, 87, 1782; Rep. Brit. Assoc., 1904, 188 ; compare, however, 
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Jones and Dunlop, J., 1912, 101, 1748) to the view that the pyramidal 
formula was the more in accordance with the experimental facts ; 
this configuration of the ammonium salts is still represented as the 
most probable in some of the newer text-books of organic chemistry. 

At the present time, however, largely through the development 
of electronic theories of valency and the clearer insight which these 
have afforded into the relation between ionising and non-ionising 
linkings, there exists a general tendency to assign to the ammonium 
salts a constitution (II) akin to that proposed by Werner (Z. angew. 
Chem., 1906, 19, 1345). But if the ammonium salts are thus 
constituted, then, as Werner pointed out (“‘ Stereochemie,”’ p. 311), 
the four positive radicals are, in all probability, tetrahedrally 
disposed about the nitrogen atom. 

Whilst, therefore, on general grounds the tetrahedral configur- 
ation of the ammonium salts must at the present time be regarded 
as the most probable, no direct experimental evidence has hitherto 
been obtained which enables a definite decision to be made between 
this and the pyramidal configuration. The formation of the 
tertiary amine oxides, for example, and their molecular dissym- 
metry (when the three hydrocarbon radicals are different), which 
was demonstrated by Meisenheimer (Ber., 1908, 41, 3966; Annalen, 
1911, 385, 117), can be represented by means of either formula. 

We have accordingly attempted to find some crucial experimental 
test which would decide between these two configurations. We 
have therefore prepared and examined the salts of a spirocyclic 
ammonium radical of the type III. 


Hy, 4 CH, CBs yp CHy CHa Ht 
RCS GH CH N< orton Cay Pe ay 


The readiness with which the formation of these spirocyclic com- 
pounds takes place shows that there can be little strain in the two 
rings. The relative positions of the four carbon atoms attached 
to the central nitrogen atom must therefore approximate closely 
to those of the corresponding atoms in the simpler quaternary 
ammonium salts like tetramethyl- or tetraethyl-ammonium chloride. 
On the pyramidal formula, therefore, the positive ion of such a 
salt would have the configuration shown in Fig. 3, whilst on the 
tetrahedral formula its configuration would be represented by 
Fig. 4, the rings being represented plane for simplicity. 

In Fig. 3 the four radicals RR’RR” lie in one vertical plane 
with the nitrogen atom, and this plane is clearly a plane of sym- 
metry of the molecule. If, therefore, the simple quaternary 
ammonium salts have the pyramidal configuration, a compound 
of the formula (III) cannot show optical activity in solution. 
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If, however, the ion has the configuration represented in Fig. 4, 
it possesses no element of symmetry. It is non-superposable on 
its mirror image and the salts should be capable of resolution into 
optically active enantiomerides. Resolution of a salt of the type 
IIT into optically active components would therefore constitute a 
definite experimental proof that in the ammonium salts the four 
positive radicals are not arranged pyramidally about the nitrogen 
atom. ) 

The resolution of salts of a spirocyclic ammonium radical, tri- 
methylenetetrahydroisoquinolinium, was attempted by Jones and 
Dunlop (loc. cit.) with negative results. These salts are mole- 
cularly dissymmetric on the pyramidal but not on the tetrahedral 
theory of the configuration of the ammonium salts. 


Fia. 3. Fia. 4. 


The compound which we chose for examination was 4-phenyl- 
4’-carbethoxybispiperidinium-1 :1'-spiran bromide (IIL; R’ = Ph, 
R” = CO,Et, X = Br), which we prepared by the interaction of 
4-phenylpiperidine (Bally, Ber., 1887, 20, 2590) with ethyl ae-di- 
bromopentane-y-carboxylate (see Mills and Bains, preceding paper). 

On converting the pure spiroammonium bromide into the 
1-«-bromocamphor-z-sulphonate, a mixture of diastereoisomeric 
salts was produced, by fractional crystallisation of which from 
acetone and ether and finally from acetone alone the optically pure 
d-spiroammonium d-bromocamphorsulphonate was obtained. It gave 
in aqueous solution a molecular rotation for the mercury green light 
which exceeded by nearly 50° that due to the bromocamphorsul- 
phonicion. On removal of the latter by precipitating the sparingly 
soluble spiroammonium iodide with aqueous sodium iodide a dextro- 
rotatory iodide was obtained and this was converted with silver 
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bromide into the more soluble spiroammonium bromide, the mole- 
cular rotation, [M]54¢;, of which in aqueous solution was +- 50-5°. 
The molecular rotation of the spiroammonium bromide in aqueous 
solution is thus of the magnitude indicated approximately by the 
molecular rotation of the d-bromocamphorsulphonate. 

The d-bromocamphorsulphonates left in the acetone—ether mother- 
liquors were converted into the 1-bromocamphorsulphonates (with the 
aid of I-bromocamphorsulphonic acid prepared from J-camphor 
kindly given to us by Sir William Pope) and by fractional crystal- 
lisation of these the 1-spiroammoniwm 1-bromocamphorsulphonate was 
obtained. ‘This gave on conversion into the bromide the optically 
pure l-spiroammonium bromide showing a molecular rotation, 
[M]s161. of — 50-8°, which is thus, within the limits of experimental 
error, equal and opposite to that of the d-bromide. 

These observations show definitely that this spiroammonium ion 
possesses molecular dissymmetry. It therefore cannot have the 
configuration represented in Fig. 3. An experimental proof is thus 
given that the four positive radicals in the ammonium salts are not 
arranged about the nitrogen atom as assumed in the pyramidal 
theory. 

The experimental evidence with regard to the configuration of 
the ammonium salts can now be stated briefly as follows : 

(1) Ammonium salts of the type (Nabcd)X can be resolved into 
optically active antipodes. The four radicals and the nitrogen atom 
in the ammonium ion therefore do not lie in one plane. 

(2) Ammonium salts of the type (Nabcc)X are non-resolvable. 
The ion (Nabcc)+ therefore possesses a plane of symmetry, which 
must obviously be the plane which passes through a, b, and N 
and the line joining the two remaining radicals ¢ must be per- 
pendicular to this plane and bisected by it. 

(3) Isomerism, other than enantiomerism, dependent on the relative 
positions of substituent groups has never been observed in ammonium 
salis. This indicates that the valencies by which the four radicals 
in the quaternary ammonium ion are attached to the nitrogen 
atom are inter-equivalent. The same conclusion is to be drawn 
from (2), since there can be no reason why the two radicals desig- 
nated a and b should always be attached by a particular pair of 
valencies. Although this negative evidence has not the same 
weight as positive evidence would have, the experimental work 
on which it rests is very extensive, and the inter-equivalency of 
the four co-valencies of nitrogen in the ammonium salts can be 
regarded as practically established. But this inter-equivalence of 
the valencies requires that they must be separated by equal angular 
intervals. | 
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‘The positions which can be occupied by the radicals c are thus 
limited to those shown in Fig. 5 and Fig. 6. In other words, the 
only configurations for the ammonium ion which accord with the 
foregoing observations are those in which the radicals have either 
a pyramidal * or a tetrahedral distribution about the nitrogen 
atom. 

(4) Spirocyclic ammonium salts of the type III are molecularly 
asymmetric. This excludes the pyramidal configuration. The 
conclusion must therefore be drawn that in the quaternary am- 
monium ion the four radicals are disposed tetrahedrally about the 
nitrogen atom, and that the configuration of the spirocyclic 
ammonium ion is that represented in Fig. 4. 

It must also be concluded that in the simple ammonium salts 
the four hydrogen atoms of the ammonium radical are similarly 
tetrahedrally distributed about the nitrogen atom. 


Fia. 5. Fic. 6. 


The view that the ammonium ion, NH,*, and the methane 
molecule, CH,, have corresponding configurations, the probability 
of which is evident on the electronic theory of molecular structure 
(since each complex is composed of a positive nucleus, four hydrogen 
nuclei, and ten electrons), is thus confirmed by experimental 
stereochemical evidence. 


EXPERIMENTAL. 

dl-4-Phenyl-4'-carbethoxybispiperidinium-1 : 1'-spiran Bromide.— 
This compound was prepared by the condensation of ethyl 
di-8-bromoethylacetate (Mills and Bains, loc. cit.) with 4-pheny]l- 
piperidine (2 mols.) (Bally, loc. cit.) in boiling benzene solution. 
The preparation is greatly facilitated by the fact that the spiran 
bromide crystallises almost at once from the boiling solution, 
whilst the phenylpiperidine hydrobromide (although practically 
insoluble in boiling benzene) remains in supersaturated solution. 


* The pyramidal formula would, however, as has long been recognised, 
‘render probable the existence of a never observed isomerism corresponding 
with that of the platosammine and platosemidiammine chlorides and that 
of the isomeric dimethyltellurium iodides of Vernon (J., 1920, 117, 86, 889). 
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The ester (4:8 g.) and the base (6 g.) were dissolved in benzene 
(200 c.c.) and the mixture was filtered hot after gently boiling 
for 6 hours. The crystalline product, recrystallised from alcohol 
and ether, gave small platelets, m. p. 276—277° (decomp.). Slow 
crystallisation from ethyl acetate containing a trace of alcohol 
gave fine needles of the same m. p. The salt is extremely soluble 
in water or alcohol, but is insoluble in ether or benzene, and also 
in ethyl acetate, chloroform, or acetone if these are free from 
alcohol (Found: C, 59-6; H, 7-4; N, 3-9; Br, 20-8. Cj )H,,0,NBr 
requires C, 59-7; H, 7-3; N, 3:7; Br, 20-9%). 

dl-4-Phenyl-4’-carbethoxybispiperidinium-1 : 1'-spiran  Iodide.— 
This salt is precipitated by the addition of saturated sodium iodide 
solution to a concentrated aqueous solution of the spiroammonium 
bromide. It is formed as an oil, which solidifies when scratched, 
and gives prismatic crystals, m. p. 209—210°, when crystallised 
from alcohol and ether. It is insoluble in ethyl acetate or chloro- 
form, and is practically insoluble in water. It dissolves in alcohol 
to the extent of 15% (Found: C, 52:8; H, 6-5; N, 3-0; I, 29-5. 
C1 5H,,0,NI requires C, 53-1; H, 6-5; N, 3-25; I, 29-6%). 

d-4-Phenyl-4'-carbethoxybispiperidinium-1 : 1'-spiran d-a-Bromo- 
x-camphorsulphonate—An aqueous solution of the spiroammonium 
bromide was treated with the equivalent quantity of silver bromo- 
camphorsulphonate. Evaporation under diminished pressure of 
the filtrate from the silver bromide gave a gummy residue, which 
was repeatedly crystallised from acetone and ether, and finally 
from acetone alone. The successive crops showed a progressive 
readiness to crystallise, a rising melting point, and an increasing 
specific rotation. The polarimetric values found for the crops 
obtained from the last three crystallisations in aqueous solution, 
using the mercury yellow and green light, were (¢c = 0-984—0-986) 
[o}ss, + 55-9°, 55-7°, and 55-6°; [a], + 64:5°, 64-7°, 645°. They 
were therefore regarded as being optically pure. The compound 
forms delicate, silky needles attaining a length of 2 cm. or s0, 
m. p. 210—212° with softening at 195° (Found: Br, 13-1. 
Cy9H,,0,NBrS requires Br, 13-0%). 

Further polarimetric values found for the last crop in aqueous 
solution were (c = 1-864, 1-855) [a] + 55-2°, 55°3°; [ol] + 
64-6°, 64:75°. 

The means of all these values give for the molecular rotations 
of the salt in aqueous solution (c = 1—2) [M]s;, + 339°, [ T8s1 + 
395-5°. Subtracting the corresponding values for the bromo- 
camphersulphonic ion, [M8 + 295°, LM]. + 346-5°, we obtain 
[M8 + 44°, [}8, + 49° as the molecular rotations of the spiro- 
ammonium ion. These values agree, within the limits of experl- 
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mental error (seeing that they result from the difference of three 
figure numbers), with those found by direct observation on the 
bromide (see below), [J/]};,, + 44:9°, [7 }2:, + 50:5°. 

d-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran Iodide —A 
saturated solution of sodium iodide was added gradually to an 
aqueous solution of the d-spiroammonium d-bromocamphorsul- 
phonate, stirred so that the precipitate was obtained crystalline. 
Crystallised from alcohol and ether, it formed granular crystals, 
m. p. 222—223°. It thus melts 13° higher than the racemic salt 
(Found: C, 53-25; H, 6-4; I, 29-6. C,,H,,O,NI requires ©, 53-1; 
Hm, 6-5; 1, 29-6%). 

The following polarimetric observations were made on the 
alcoholic solution : 

T= 4; c= 1-562; ats + 0:556°; «7, + 0:-608°; 
whence [«]},, + 8-9°; [a], + 9-7°. 

d-4-Phenyl-4'-carbethoxybispiperidinium-1 :1'-spiran Bromide.— 
The d-iodide was treated in hot water with silver bromide, and 
the filtrate evaporated under diminished pressure. The dried 
residue, crystallised from a mixture of ethyl alcohol, ethyl acetate, 
and a little ether, gave the pure bromide as needles, m. p. 274—275° 
(decomp.) (Found: Br, 20-6. Calc., Br, 20-99%). The compound 
gave the following values in aqueous solution : 

b= 4; c= 2-122; a, +.1-00°; a, + 1-125°: 

i roR, + 1l- pet [ota + 13:23°; [0 , + 44:9°; [ps + 
50-5° 

}-4-Phenyl-4’- Reais nesta. 1:1’-spiran 1-Bromocam- 
phorsulphonate.—The mother-liquors containing the spiroammon- 
ium d-bromocamphorsulphonate were evaporated to dryness and 
the gummy residue was converted into the iodide by means of 
aqueous sodium iodide solution. The iodide thus obtained was 
deeply coloured with periodide, but was obtained colourless after 
three or four recrystallisations. 

The iodide was treated with its equivalent of silver J-bromo- 
camphorsulphonate in hot aqueous alcoholic solution, and the 
filtrate evaporated to dryness under diminished pressure. The 
gummy mass was dissolved in warm acetone and, after the addition 
of a little ether, was allowed to stand for a day or so to crystallise. 
Crystallisation took place more readily and with better yield than 
in the original preparation of the d-spiroammonium d-bromocam- 
phorsulphonate, owing presumably to the previous removal of some 
of the d-enantiomorph. 

After four or five recrystallisations the salt gave the following 
Specific rotations in aqueous solution : 

[oe }ie) — 542°, [oe], — 641°. 
VOL. CXXVII. 4P 
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After a further recrystallisation the values obtained were : 
[a]}sfs0 — 54:25°, [a Joi — 64-1". 
The melting point was 210—212° with softening at 195°. 

As the rotation was not altered by further crystallisation, this 
last crop was employed for preparation of the /-iodide. 

1-4-Phenyl-4'-carbethoxybispiperidinium-1 : 1'-spiran Lodide——The 
J-spiroammonium [-bromocamphorsulphonate was converted into 
the iodide by the same method as was used in the d-series. The 
melting point was the same as that of the d-iodide, 222—223°. 
A mixture of the d- and l-iodides in equal proportions melted at 
practically the same temperature as the dl-iodide, 209—211° (Found : 
I, 29-6. Calc., I, 296%). The specific rotations in ethyl-alcoholic 
solution were in good agreement with those found for the d-salt : 

= 4; c= 0-589; «2%, —0-200°; of, — 0-233°; 
whence [a]éro — 8:5°; [a]ste — 9°9°. 

]-4-Phenyl-4'-carbethoxybispiperidinium-1:1'-spiran Bromide.— 
The J-iodide was converted into the J-bromide by the same method 
as was used in the d-series. The following polarimetric observ- 
ations were made on the salt in aqueous solution : 

1=4; c= 2:02; 02%, —0-95°; a2, —1:075°; ais, — 1-81°; 
whence [co]: —11-75°; [ogi — 13-3°5 [cl]. — 22-4°; 
and (MJ, — 44-9°; [LM], — 50-8°; [M]%, — 85-5°. 

The molecular rotations found for the enantiomorphous bromides 
in aqueous solution are thus for the mercury yellow light + 44-9° 
and — 44-9°, and for the mercury green + 50-5° and — 50-8°. 
This concordance confirms the view that the resolution was 
complete. 


We desire to express our thanks to the Department of Scientific 
and Industrial Research for a maintenance grant to one of us 
(E. H. W.) which enabled him to take part in this work. 


UnIversiry CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, September 10th, 1925.] 


CCCXLVI.—The Correlation of Absorption Spectra 
with Lonisation in Violuric Acid. 


By Ricuarp ALAN Morton and ArrHuR Haronp TIPPING. 


VIOLURIC acid is faintly yellow in the crystalline state and pink in 
aqueous solution. The correspondence between concentration of 
violurate ion and depth of colour roughly established by colorimetric 
observations has now been accurately confirmed by the quantitative 
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methods of sector-photometry and absorption spectroscopy. Solu- 
tions of the acid in the purest conductivity water containing small 
quantities of hydrochloric acid were examined spectrographically, 
and their pg values determined by means of the quinhydrone 
electrode. 


TABLE I. 
Mol. cone. of Mol. cone. 
Solution. violuric acid. of HCl. pn at 18°. 
a 0-01 nil 3°36 
b 0:0099 0:0001 3°32 
c 0:0095 0:0005 3-194 
d 0:0090 0:0010 3:03 


From the py value for 0-01 M-violuric acid the dissociation constant 
at 18° is found : 


K, = [H+][Vi-]/[HVi] = (10°826)2/(10-2 — 10°33%) — 1-992 x 10°. 


From this constant the concentrations of violurate ion in the solu- 
tions b, c, and d may be calculated. 


TABLE IT. 
Solution. Conc. of Vi ion. d. Log (I,/I). e max. (for ion). 
a 0-0004365 30 cm. 0-8 61-09 
b 0-000395 6 0-7 59-07 
Cc 0-000285 se 0:55 64-33 
d 0-000188 np 0-325 57°37 
Mean 60-46 


In the equation log ([/I) = ecd, £p/I is the ratio of the intensities 
of the incident and the emergent light, c is the concentration 
of the absorbing solute in gram-ions per litre, and d is the thickness 
of the absorbing layer; eis then the molecular extinction coefficient. 

In photographing the absorption spectrum, the value of log I)/I was 

increased for successive exposures. The values recorded in Table 
II are the highest for which definite match points could be seen; 
the accuracy was about 1in 15. Within the limits of error, there- 
fore, the colour intensity is proportional to the concentration of 
violurate ion. 

Addition of alkali caused an increase in the absorptive power of 
the solute. 


TABLE III. 
Mol. cone. of © Conc. of 
violurie acid. alkali. Log (I,/Z). d, cm. 
0-0066 0:0033 1-6 8 
0-0025 0-0025 1-17 8 
0-01 0-0008 1-1 30 
or 0:29 8 


The alkali violurate is almost completely dissociated in solution. 


lf the observed increase in intensity of colour is due to increased 
4P2 
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concentration of violurate ion, py-measurements should indicate a — 


molecular extinction coefficient of about 60. In the case of 0-0025/- 


sodium violurate, pa = 8-41, the ionic concentration is 0-0025, and _ 
e(max.)is 58-5. Similarly, for the 0-00661-violuric acid solution, — 
- which is 0:0033M with respect to alkali, px = 4-82 and e (max.) — 


is 53. 


addition of sodium chloride, which would repress the ionisation, 
would lead to interesting results. Photographs of the absorption 


0} | 
2,000 2, 500 Bs 000 3,000 4,000 
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1. Violuric acid in water. 


— —— II. 0:0009M-aqueous violuric acid and 0:002M- -potassium hydrexide. 


III. Violuric acid in alcohol. 
IV. Violuric acid M/1000, potassium hydroxide M/2000. 


spectra of solutions of sodium violurate containing excess of sodium 
chloride were therefore taken, compensating cells containing the 


same concentration of sodium chloride being used to counterbalance 


any loss of transmissive power due to this salt. 


TABLE IV. 
Mol. conc. of sodium violurate —......... 0:0033 0:0025 0-0017 
Mol. conc. of sodium chloride — .........66. 6-24 4:16 2-08 
@ (WMAIKs) cs deiesneteheevs seaGehe Meat een deoessincs cn 56-25 55:0 54°75 


The absorptive power of undissociated sodium violurate is therefore 
of the order e = 55. The head of the absorption band is near 538 uy. 


, 
| 


These results do not differ very much. It seemed likely that the — 
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The spectrum of violuric acid has been examined in the ultra- 
violet region also. For the aqueous solution, two bands were 
found, one at 2 (max.) = 3120 A. and e (max.) 3000 and the other 
at 2490 A. and e (max.) 10,300. A solution 0-0009M with respect 
to violuric acid and 0-002M@ with respect to potassium hydroxide 
would certainly consist of hydroxide and completely dissociated 
potassium violurate. This solution shows one absorption band, 
2 (max.) = 3130 A., e (max.) 13,300. 

It is striking that, for an aqueous solution in which the acid is 
incompletely dissociated, two bands are obtained whose extinctions 
are together equal to 13,300. The band at 3130 A. is common both 
to the acid and to the alkaline solution and may therefore be 
ascribed to the ion. If, then, the other band is due to the undis- 
sociated acid, an alcoholic solution of violuric acid should show 
only this band. Actually, one band is observed, 4 (max.) = 
2516 A., e (max.) = 13,400, and the extinction is the same as that 
of the dilute alkaline solution. There can be no doubt, therefore, 
that the bands at 250 and 312 yy are due respectively to the undis- 
sociated acid and the ion. The graph shows that an intermediate 
stage was found, as was to be expected. 


We wish to express our gratitude to Dr. J. W. Corran for assistance 
with the quinhydrone electrode and to Professor E. C. C. Baly, 
C.B.E., F.B.S., for suggesting the investigation. One of us (A. H.T.) 
is indebted to the Advisory Council of the Department of Scientific 
and Industrial Research for a maintenance grant. 


Tue UNIVERSITY, LIVERPOOL. [Received, July 9th, 1925.] 


CCCXLVII.—The Parachor and Chemical Constitution. 
Part III. Orientation Isomerism in Aromatic 
Compounds. 


By Samuret SucpEen and Henry WILKINS. 


Iv has been shown in previous papers that in two classes of isomeric 
substances, namely, metameric esters (Sugden, J., 1924, 4125, 
1185) and geometrical isomerides (Sugden and Whittaker, this 
vol., p. 1868), differences in constitution produce little or no change 
in the value of the parachor. The isomerism of these substances 
involves only a rearrangement of groups and linkings which does 
not alter the degree of unsaturation of the compound. 

In the present paper, data are presented for a number of disub- 
stituted benzene derivatives. These are of interest, since in many 
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cases, ¢.g., the chloro- and bromo-nitrobenzenes, the isomerides 
differ markedly in the reactivity of the halogen atom. Further, 
it has been shown previously (Sugden, loc. cit.) that the data of 
Turner and Merry (J., 1910, 97, 2075) give, for m-toluonitrile, a 
much lower parachor than is found for the o- and p-isomerides. 
We have therefore determined the surface tension and density of 
a number of orientation isomerides of this type, and the parachors 
calculated from the data thus obtained are collected in Table I. 
The constants for the xylenes are derived from the measure- 
ments of Schiff (Annalen, 1884, 223, 47), those for p-nitrotoluene 
and p-chloronitrobenzene from the observations of Sugden (J., 
1924, 125, 1167), and the remainder from new measurements, 
details of which are given in the experimental portion of this paper. 


TABLE I. 
Ortho. Meta. Para. Cale. 
DRVIDTAOS Van gadie ie snek cuales aisuens 283-3 283-8 283-8 285-1. 
INIGLOVOMICTIOR hii Ge case ees goes 301-1 300-6 302-8 303-1 
Chloronitrobenzenes ............... 299-9 298-9 300-0 301-2 
Bromonitrobenzenes-............ 312-9 313°5 313-5 315-0 
DOMSBALTHOS He doe eeu diesels 290-6 295-6 294-4. 292:9 


It will be seen from the table that, within the limits of experi- 
mental error (about -+ 2 units), there is no appreciable difference 
between the parachors of ortho-, meta-, and para-isomerides, but 
that all the substances studied give constants in good agreement 
with the theoretical values tabulated in the last column. We 
have failed to confirm the lower value for m-toluonitrile obtained 
from Turner and Merry’s data, and find that this substance behaves 
normally. 

It has been assumed in previous papers on the parachor that 
benzene and its derivatives have the Kekulé formula (I), for which 
the structural constant to be added to the sum of the atomic con- 
stants to obtain the calculated value of the parachor would be 


LAs 
(II.) ht eee 
Los ee 70-4. 
75:7 units. The symmetrical electronic structure (II) should give 


the same constant, since it represents an equal degree of unsatura- 
tion, but the Dewar formula (III) should give a smaller constant 
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70-4.* The good agreement between the observed and the cal- 
culated parachors shows that the Kekulé formula or formula IT 
will serve to reproduce the experimental figures. It is interesting 
to note, however, that in all cases but two the observed parachor 
is lower than the theoretical figure. This is not inconsistent with 
the theory of Ingold (J., 1922, 121, 1123) that benzene and its 
derivatives are equilibrium mixtures of tautomerides, one of which 
possesses the bridged structure (III). 

Jt is evident from the data for the chloro- and bromo-nitro- 
benzenes that the reactivity of the halogen atom in the ortho- and 
para-compounds and its inertness in the meta-compound are not 
due to differences in the molecular volume, for the three isomerides 
have almost exactly the same parachor. This result was not 
unexpected, since it has been found in other cases (this vol., p. 1868) 
that isomerides possessing the same degree of unsaturation show 
no differences in their parachor. The structural constants which 
have to be added to the sum of the atomic constants in calculating 
the parachor appear to depend chiefly on the degree of unsatur- 
ation, i.e., on the crowding of electronic orbits, and if the reactivity 
of the halogen atoms is explained by the concentration of electrons 
about alternate carbon atoms the effect of the sparseness of dis- 
tribution about the other three carbon atoms would act in the 
opposite direction, so that the total effect on the parachor would 
be very small. 

The good agreement between the observed and the calculated 
values for the three toluonitriles gives further evidence for the 
view expressed in a previous paper (Sugden, loc. cif., p. 1186 T) 
that the triple bond in the CN group has the same effect on the 
parachor as that in acetylene derivatives. There is no need, 
therefore, to assume that this radical has the special structure, 
suggested by Langmuir (J. Amer. Chem. Soc., 1919, 41, 905), of 
two nuclei within a single octet. 


ExPERIMENTAL. 


In the course of this work new measurements have been made 
of the surface tension and density of ten disubstituted benzene 
derivatives over a range of temperatures. Surface tensions were 
determined by the method of maximum bubble pressure (Sugden, 
J., 1922, 121, 858; 1924, 125, 27). The constants for the bubblers 
used are: Apparatus 4d, 5a, 5b; 72 0-139, 0-140, 0-140 cm., 


* This figure is obtained by adding the constants for two double bonds 
and two four-membered rings. 

+ On this page, in the second line below the table, for ‘‘ hydrogen ”’ read 
“ nitrogen.” 
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respectively ; A 0-007767, 0-006805, 0-009655, respectively. 
Densities were determined by the U-shaped pyknometer described 
previously (J., 1924, 125, 1171) and are given in g./c.c. All tem- 
peratures quoted are corrected by comparison with a standard 
thermometer with an N.P.L. certificate and are corrected for 
exposed stem. 

The tables below are set out in the same manner as those in 
previous papers of this series and do not need further description. 
The parachor in the last column is calculated by the formula 


[P] = y'4M/(D — a), 


where y is the surface tension, JJ the molecular weight, D the 
density of the liquid, and d the density of the vapour. For the 
substances studied in the present paper, d is very small and has 
been neglected. 

o-Niirotoluene was fractionated; the portion used boiled at 
219—219-5° (corr.)/762 mm. Densities determined: D8" 1-162, 
Di 1-146, Dif" 1-126, Di’ 1-103, whence Di: = 1-180 — 0-00098 t. 


App. t. La D. op. . Parachor. 
4d 19-5° 5266 1-161 1:0207 41-76 300-1 
ie 44-5 4873 1-136 1-0220 38-69 300-9 
ee 62-5 4627 1-119 1-0228 36°76 301-6 
zh 79-0 4363 1-102 1-0238 34:70 301-9 
Mean 301-1 


m-Nitrotoluene was purified by repeated freezing; the specimen — 
used melted at 16° (corr.). Densities determined: D%" 1-161, 
Di 1-145, Di 1-124, D& 1-101, Di?" 1-063, whence D% = 1-180 — 
0:00095 1. 


App. a rage D. p. . Parachor. 
5a 20° 5971 1-161 1-018 41-36 299-4 
ty 42 5586 1-140 1-019 38°73 300-0 
by 64. 5240 1-119 1-020 36-37 300-9 
Me 91 4811 1-094 1-0215 33°45 301-3 
Me 116 4385 1-070 1-023 30-53 301-2 
Mean 300-6 


o-Chlorontirobenzene was recrystallised from ligroin. The speci- 
men used melted sharply at 33° (corr.). Densities determined : 
De 1-348, DE 1-320, DR" 1:297, Di! 1-276, whence Di. = 
1-398 — 0-00110 #. 


App. q; ag D. p. y- Parachor. 
4d 505° 5318 1-342 1:0238 42-29 299-2 
Pe 70:5 4999 1-320 1-0249 39-80 299-7 
o 91:5 4669 1-297 1-0262 37-23 299-9 
e 121 4263 1-265 1-0279 34:04 300-8 


Mean 299-9 
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m-Chloronitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 46° (corr.). Densities determined: D>" 
1-343, DS 1-336, Dif 1-314, D8 1-304, D%" 1-296, DB" 1-257, 
whence D{. = 1-398 — 0-00111 t. 


App. t. Wek DD, op. y. Parachor. 
4d 60-5° 5255 1-331 1:0238 41:79 300-9 
+ 74:5 4867 1-315 1-0255 38-76 298-9 
99 90-5 4546 1-298 1-0269 36-27 297-8 
* 129 3974 1-255 1:0297 31:77 298-0 
Mean 298-9 


o-Bromonitrobenzene was recrystallised from absolute alcohol; 
the specimen used melted at 39° (corr.). Densities determined : 
uy 1-664, DD 1-650, DE 1-635, “D® 1-622; whence’ Di'= 
1-735 — 0-00133 t. 


App. t. pe D. d. y. Parachor. 
5b 55-5° 5436 1-661 1-0287 43-44 312-2 
+ 67:5 5267 1-645 1-0294 42-12 312-8 
3 80 5068 1-629 1-0302 40-56 313-0 
e 94:5 4863 1-609 1-0311 38-94 313-7 
Mean 312-9 


m-Bromonitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 55-5° (corr.). Densities determined: D?* 
1-651, Dit” 1-636, D® 1-621, Ds 1-612, whence Di = 1-728 — 
0-00130 ¢. 


App. é. tel D. p. Y- Parachor. 
4d 63° 5310 1-646 1:0292 42-45 313-3 
a 71-5 5172 1-635 1-0297 41-36 313-3 
“ 83 5010 1-620 1-0304 40-10 313°9 
Re 91 4863 1-610 1-:0311 38-94 313-5 
Mean 313-5 


p-Bromonitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 127° (corr.). Densities determined : Di" 1-563, 
D2” 1-552, Di 1-536, Di 1-523, whence Di. = 1-736 — 0-00130 t. 


App. t. yg" D. p. y. Parachor. 
4d 132° 4304 1-564 1-0342 34-58 313-3 
i 145 4119 1-547 1-0353 33-12 313-3 
a 159-5 3947 1-529 1-0364 31-78 313-7 
is 170 3800 1-515 1-0375 30-63 313-7 
. Mean 313:5 


o-Toluonitrile was redistilled four times; the fraction used 
boiled at 205—205-5° (corr.)/759 mm. Densities determined : Di 
0-993, D*s 0-976, D7? 0-965, D%" 0-948, whence Di: = 1:017 — 0-00072 t. 


App. t. dor: Ds: d. y. Parachor. 
4d 51° 4457 0-980 1:0207 35-34 291-4 
ie 69 4200 0-967 1-0217 33°33 291-0 
- 90 3897 0-952 1-0230 30-96 290-2 
y 116-5 3570 0-933 1-0246 28-41 289-8 
Mean 290-6 


4 p* 
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m-Toluonitrile was redistilled; the fraction used boiled at 213° 
(corr.)/759 mm. Densities determined : D8 0-987, D?* 0-969, 
D®* 0-953, D?* 0-936, whence Di. = 1-003 — 0-00082 ¢. 


App. t. hve D. Q. y: Parachor. 
4d 18-5° 4827 0-988 1:0193 38-20 294-7 
ot 47 4435 0-964 1-0205 35-16 295-8 
Pes 64-5 4177 0-950 1-0214 31-14 295-8 
ue 86:5 3889 0-932 1-0225 30-88 296-2 
Mean 295-6 


The purity of this specimen was further tested by hydrolysing 
it to the corresponding acid with caustic potash. The crude 
product, obtained in 95% yield, melted at 105° and, after one 
recrystallisation, sharply at 112° (corr.) and was therefore pure 
m-toluic acid. Turner and Merry (loc. cit.) give densities for this 
substance which lead to the formula D{. = 1-048 — 0-00080 ?. 
These densities are much higher than those found by the authors 
and also much higher than the values found by Turner and Merry 
for the ortho- and para-isomerides. It seems probable that the 
specimen used by these workers was not sufficiently pure. 
p-Toluonitrile was recrystallised from absolute alcohol and 
melted sharply at 29° (corr.). Densities determined: D? 0-971, 
D*® 0-955, D7? 0-945, D%* 0-931, whence Dj. = 1-004 — 0-00078 f. 


App. t. 1 D. op. 7. Parachor. 
4d 51-5° 4328 0-964 1-0210 34:32 294-1 
PA 67-5 4116 0-951 1-:0217 32-67 294-4 
9 82-5 3909 0-939 1-0226 31-05 294-3 
bs 96 3754 0-929 1-0233 29-84 294-7 
Mean 294-4 


One of us (S. S.) is indebted to the Research Fund Committee 
of the Chemical Society for a grant which has partly defrayed the 
expense of this investigation. 


BrrkBEcCK COLLEGE (UNIVERSITY oF LONDON), 
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CCCXLVIII.—The Conversion of r-Phenyl-a-naphthyl- 
glycollic Acid into Ketones. 
By Avex. McKenziz and Haroip JAMES TATTERSALL. 


Since phenyl-«-naphthylglycollic acid was required for several 
purposes, a convenient method for its preparation is described in 
the present paper. . 

The dehydration of «-naphthylhydrobenzoin with cold concen- 
trated sulphuric acid led to the formation of the compound obtained 
by the deamination of ¢-hydroxy-«$-diphenyl-6-naphthylethylamine 
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(McKenzie and Roger, J., 1924, 125, 844). This compound was 
subsequently shown to be diphenylacetonaphthone, but it was not 
the sole product of the dehydration in question, since the isomeric 
«-naphthyldeoxybenzoin also was isolated from the oil from which 
the naphthone had been partly separated. Some difficulty was 
experienced in separating the two isomerides in a state of purity, 
because they melt at practically the same temperature. The action 
of hot dilute sulphuric acid, when applied for the dehydration of 
-a-naphthylhydrobenzoin, pursued a somewhat different course from 
that of the concentrated acid, inasmuch as three distinct isomerides, 
namely, naphthyldeoxybenzoin, diphenylnaphthylacetaldehyde and 
diphenylnaphthylethylene oxide, were shown to be present (McKen- 
zie and Dennler, J., 1924, 125, 2105). Meanwhile, the dehydration 
of «-naphthylhydrobenzoin was also under investigation by Tiffeneau 
and Orékhov (Compt. rend., 1924, 178, 1619), who isolated 
a-naphthyldeoxybenzoin by the use of concentrated sulphuric acid. 
Professor Tiffeneau kindly provided us with a specimen of his 
compound, and we were able to prove, by means of determinations 
of the melting point of the mixture and by the colour reaction with 
concentrated sulphuric acid, that it was identical with the «-naphthyl- 
deoxybenzoin prepared in this laboratory. We have now prepared 
this ketone by a method which does not depend on a semipinacolinic 
transformation, and it is anticipated that the data which have been 
accumulated may in due course be of service in the field of 
optical activity. 

A novel application of Grignard reagents was described by 
McKenzie and Boyle (J., 1921, 119, 1131), who showed that the 
interaction of diphenylchloroacetyl chloride and magnesium phenyl 
bromide pursued an abnormal course. Neither §-benzopinacolin 
nor pentaphenylethanol was obtained, the product being phenyl- 
deoxybenzoin (compare McKenzie and Roger, loc. cit., p. 849). 
Phenyl-«-naphthylglycollic acid was accordingly converted by means 
of phosphorus pentachloride into phenyl-«-naphthylchloroacetyl 
chloride, which was then acted on by an excess of magnesium phenyl 
bromide. «-Naphthyldeoxybenzoin was thus obtained, and its 
ahaa may be attributed to the following changes : 


ie Hy econ 4. 2MgPhBr = 6:82 >C:00 + Ph.Ph + 2MgCIBr, 
Cro 


eFC CO ++ MgPhBr = d cies Cagcne ay 


C, oH, 
Hse “oc OMe + HO = ¢/%°>C: Cc OH Mes pam 
Cs coc — (°° CH-COPh. 


4p* 2 
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It is here assumed that the initial phase consists in the production 
of phenyl-«-naphthylketen. Now, Wilsmore and Deakin (J., 1905, 
97, 1968) have shown that acetone can be obtained from keten and 
magnesium methyl iodide, and the isolation of phenyldeoxybenzoin 
(designated at the time as triphenylviny] alcohol) from dipheny]l- 
keten and magnesium phenyl bromide (Staudinger, Annalen, 1907, 
356, 70) renders it probable that this application of Grignard 
reagents on ketens is applicable generally. | 

In the above scheme the final phase involves the desmotropy of 
a substituted vinyl alcohol. Although the introduction of aromatic 
groups into vinyl alcohol tends to make the configuration of the 
substituted compound much more stable than that of vinyl alcohol 
itself, as is shown by the isolation of phenyldiphenylenevinyl alcohol 
by Kurt Meyer and Gottlieb-Billroth (Ber., 1921, 54, 575), we have 
not observed that naphthyldeoxybenzoin exhibits any tendency 
to enolisation. It is not soluble in aqueous alkali, it gives no 
coloration with ferric chloride, nor does it decolorise an alcoholic 
solution of bromine. Moreover, it behaves as a typical ketone when 
acted on by magnesium methyl iodide, and its disruption with 
alcoholic potash is also in accordance with the ketonic structure. 

Ketones were also isolated when phenyl-«-naphthylchloroacetyl 
chloride was acted on in a similar manner by the Grignard reagents 
prepared from methyl iodide, «-bromonaphthalene, and p-bromo- 
toluene, respectively. Those substances displayed no enolic 
reactions; they did not decolorise an alcoholic solution of bromine, 
and they were sparingly soluble both in cold and in hot N-caustic 
soda. In accordance with the assumption that ketens are produced 
initially, it was noted that the solutions became coloured during 
the action of the acid chloride with the Grignard reagents, and the 
crude products after the decomposition of the magnesium complexes 
were resinous in appearance, possibly due to the presence of 
polymerised ketens. 

Phenyl-«-naphthylglycollic acid was reduced by hydriodic acid 
and phosphorus to phenyl-«-naphthylacetic acid, and it was expected 
that «-naphthyldeoxybenzoin would result from the application 
of the Friedel and Crafts reaction on pheny]-«-naphthylacetyl 
chloride, thus; C,)H,"CHPh:COC] —> C,)H,-CHPh:COPh. We 
were unable to obtain any evidence that the action took this 
course, and this was all the more surprising, since diphenylacetyl 
chloride behaves in the usual manner, giving phenyldeoxybenzoin 
with benzene and aluminium chloride (Klingemann, Annalen, 
1893, 275, 83), and diphenylacetonaphthone with naphthalene and 
aluminium chloride (McKenzie and Dennler, loc. cit.). One of the 
products was a compound melting at 115-5—116-5°, and its analysis 
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showed that the reaction had proceeded in a manner altogether 
unexpected, inasmuch as one molecular proportion of hydrogen 
chloride was eliminated from the acid chloride. Now, according to 
Boeseken (Proc. K. Akad. Wetensch. Amsterdam, 1909, 12, 417; 
Rec. trav. chim., 1913, 32, 1; compare also Wieland and Bettag, 
Ber., 1922, 55, 2246), the initial attack of the aluminium chloride 
during a Friedel and Crafts reaction is not on the hydrocarbon but 
_on the acid chloride. In the case we have studied, it is not unlikely 
that an additive compound of the acetyl chloride and aluminium 
chloride was formed, in which compound both the hydrogen 
(attached to the asymmetric carbon atom) and the chlorine of the 
—COCI group may be more mobile than in the acid chloride itself. | 
We have not investigated the product fully, but it does not exhibit 
the properties of a keten, although its analysis accords with that of 
phenyl-«-naphthylketen. 


EXPERIMENTAL. 


r-Phenyl-«-naphthylglycollic Acid—Beckmann and Paul (Annalen, 
1891, 266, 1) obtained this acid by acting on the sodium derivative 
of phenyl «-naphthyl ketone with carbon dioxide, and one of us 
(J., 1906, 89, 365), in the course of work on asymmetric synthesis, 
obtained the acid from magnesium «-naphthyl bromide and /-bornyl 
benzoylformate. The method now described is based on the lines : 
COPh:CO,Et —> (I)Cy)H,-CPh(OMgBr)-CO,Et —> 

C,)H,"CPh(OH)-:CO,Et —> C,)H,°CPh(OH)-CO,H. 
The two ketonic groups in ethyl benzoylformate are not equally 
prone to attack by Grignard reagents, the one to which the phenyl 
group is attached being very readily acted on, whereas the other in 
the carbethoxy group is remarkably stable (J., 1904, 85, 1249; 
Roger, this vol., p. 518). No special precautions need, therefore, 
be observed in regulating the interaction of the ketonic ester and 
magnesium «-naphthyl bromide by using the latter in the quantity 
necessary to combine with one of the carbonyl groups only, since 
the magnesium complex (I) is not readily susceptible to further 
attack by the reagent. 

Benzoylformic acid, prepared by the oxidation of mandelic acid 
with alkaline permanganate, was converted into its ethyl ester, 
which had b. p. 127°/10 mm., whereas Acree (Amer. Chem. J., 
1913, 50, 391) gives 125°/9 mm. 

For the preparation of the hydroxy-acid the following procedure 
is typical. An ethereal solution of 73 g. of ethyl benzoylformate 
(1 mol.) was added within 40 minutes to the Grignard reagent 
prepared from 134 g. of «-bromonaphthalene (slightly more than 
1} mols.). The flask was surrounded by ice, and at no time was 
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the reaction allowed to become vigorous. Aiter the mixture had 
been warmed for 1 hour, ice and dilute sulphuric acid were added, 
the ethereal solution was separated, and after the expulsion of the 
ether the residual oil was heated with a slight excess of alcoholic 
potash for 2 hours. The solution was then distilled with steam to 
remove alcohol, naphthalene, and dinaphthyl, the residue was 
extracted with ether, and the aqueous solution of potassium pheny]- 
«-naphthylglycollate decolorised by charcoal. The acid, which is 
very sparingly soluble in water, was precipitated by an excess of 
dilute hydrochloric acid. It separated (with 2 mols. H,O) from 
aqueous alcohol in prismatic needles, m. p. 112—118° (Beckmann 
~ and Paul give 108—115°). Yield: 79 g. 

The anhydrous acid was obtained by crystallising the hydrated 
acid from benzene, from which it separated in colourless prisms, 
melting to a green liquid at 146—147° (Beckmann and Paul give 
148°). It gives a green coloration with cold concentrated sulphuric 
acid * (Found in silver salt: Ag, 28-2. OC, ,H,,0,Ag requires 
Ag, 28:2%). 

Conversion of Phenyl-«-naphthylglycollic Acid into a-Naphthyl- 
deoxybenzoin.—A mixture of the anhydrous hydroxy-acid (54 g.) 
and phosphorus pentachloride (159 g.) was heated on the steam- 
bath for 3 hours until the evolution of hydrogen chloride was com- 
pleted. Whilst still hot, the oil was poured upon crushed ice in a 
flat dish; it gradually hardened to a yellow solid, which was pow- 
dered under water and kept in contact with water over-night in the 
ice-chest. The solid was washed with ice-cold water, dried in a 
vacuum, and crystallised from benzene—light petroleum (b. p. 
80—100°). Yield: 45 g. 

Phenyl-a-naphthylchloroacetyl chloride, C,y>H,*CPhCl-COCI, separ- 
ates from benzene and light petroleum in colourless, hexagonal 
plates, m. p. 155—156° (Found: Cl, 22-8. C,,H,,OCl, requires 
Cl, 22-5%). It is somewhat sparingly soluble in ether. It gives 
no coloration with cold concentrated sulphuric acid. 

5 G. of the acid chloride (1 mol.) were added gradually to the 
Grignard reagent prepared from 17 g. of bromobenzene (6 mols.). 
After each addition the reaction was vigorous, the ether boiling 
briskly. The mixture was heated for 2 hours, and ice, ammonium 
chloride, and ammonia were then added. The ether was removed 
from the ethereal solution, and the product was distilled in steam 
to remove benzene and diphenyl. The residue was extracted with 
ether, the extract dried with anhydrous sodium sulphate, and after 
expulsion of the ether, the oil was dried in a vacuum for several days. 


* In the colour reactions with sulphuric acid described in this paper, only | 
a trace of the compound added was used. 
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The resin was then triturated with benzene—light petroleum (b. p. 
40—60°); the undissolved solid (1-6 g.) was crystallised first from 
light petroleum and finally from aqueous alcohol; 1-1 g. of pure 
«-naphthyldeoxybenzoin (m. p. 109—110°), erystallising in octahedral 
prisms, were thus obtained (Found: ©, 89-1; H, 5-7. Cale., 
C, 89-4; H, 56%). Its identity with the a-naphthyldeoxybenzoin 
prepared by McKenzie and Dennler (/oc. cit.) was established by the 
‘melting point of the mixture not being depressed, and by the 
coloration with concentrated sulphuric acid. 

Action of Magnesium Methyl Iodide on «-N aphthyldeoxybenzoim.— 
1:7 G. of «-naphthyldeoxybenzoin (1 mol.) were acted on by the 
Grignard reagent prepared from 7:5 g. of methyl iodide (10 mols.). 
The heating was continued for 10 hours, and the product decom- 
posed by ice and dilute sulphuric acid. 

«8-Diphenyl-a(«-naphthyl)-propan-p-ol, C,9H,,CHPh:CMePh:OH, 
separates from rectified spirit in glistening needles, m. p. 124—125° 
(Found: C, 88:9; H, 6-6. C,;H».0 requires C, 88:7; H, 6-6%). 
It is readily soluble in ether, acetone, chloroform, or benzene, and 
moderately soluble in ethyl alcohol and hot light petroleum. It 
gives no coloration after 5 minutes when dissolved in cold concen- 
trated sulphuric acid. 


Action of Benzene and Aluminium Chloride on Phenyl-o.-naphihyl- 
acetyl Chloride. 


Phenyl-a-naphthylacetic Acid.—Phenyl-«-naphthylglycollic acid 
(29 g.), glacial acetic acid (100 c.c.), concentrated hydriodic acid 
(7-5 g.), and red phosphorus (7:5 g.) were heated together for 1 hour 
on the steam-bath. Addition of water to the filtered solution 
precipitated a gum, which solidified gradually and was then crystal- 
lised from aqueous alcohol; phenyl-«-naphthylacetic acid separated 
in rosettes of needles, m. p. 140—141° (Found : Oo 82-2 cxn Te orks 
Cale., C, 82-4; H, 54%). Yield: 20 g. This is a much more 
convenient preparative method than that described by Michael and 
Jeanprétre (Ber., 1892, 25, 1615), who obtained the acid (m. p. 
141°) from phenyl-«-naphthylacetonitrile. 

The acid is readily soluble in ether, ethyl alcohol, benzene or 
light petroleum, and it gives a cherry-red coloration with cold 
concentrated sulphuric acid. 

A mixture of phenyl-«-naphthylacetic acid (19 g.) and thionyl 
chloride (35 g.) was heated until the evolution of hydrogen chloride 
ceased, and the excess of thionyl chloride was then removed in a 
vacuum over soda-lime. The resulting oil solidified gradually, and 
was then crystallised from benzene-light petroleum (b. p. 40—60"). 
Yield: 16 g. Phenyl-«-naphthylacetyl chloride, C,).H,;CHPh-COCI, 
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crystallises in needles, m. p. 74:5—75-5° (Found: Cl, 12-8. 
C,s3H,,0Cl requires Cl, 12:7%). It is very soluble in benzene, and 
sparingly soluble in light petroleum. 

The acid chloride (16 g.) was heated with benzene (160 c.c.) 
and freshly-sublimed aluminium chloride (34 g.) for 14 hours until 
the evolution of hydrogen chloride was completed. The mixture 
was decomposed by ice and hydrochloric acid, the benzene layer 
shaken with an aqueous solution of sodium bicarbonate, and the 
benzene removed by steam. The resulting oil solidified slowly, and 
the solid (7 g.) was crystallised twice from ether—light petroleum 
(b. p. 80—100°), and finally from methyl alcohol. The resulting 
compound, which did not contain chlorine, crystallised in rectangular 
plates, m. p. 115-5—116-5° (Found: C, 88-2; H, 5-1. C©,,H,,0 
requires C, 88:5; H, 5:0%). It is readily soluble in acetone or 
chloroform; sparingly soluble in cold methyl alcohol or ethyl 
alcohol, but readily soluble on heating; sparingly soluble in boiling 
light petroleum (b. p. 40—60°); when heated with aqueous N- 
caustic soda, an intense magenta coloration appears. It does not 
decolorise an alcoholic solution of bromine. The analytical figures 
and the melting point did not agree with those required for 
«-naphthyldeoxybenzoin, nor did the substance possess the proper- 
ties of the latter. With cold concentrated sulphuric acid it gave an 
intense yellow coloration, and when mixed either with «-naphthyl- 
deoxybenzoin or with diphenylacetonaphthone the melting point 
was in each case depressed. 

The above compound was not the only product of the Friedel 
and Crafts reaction, since from the gums resulting from the several 
preparations a solid separating from aqueous alcohol in prisms, 
m. p. 240—241°, was isolated, and this gave with cold concentrated 
sulphuric acid a brown coloration changing to olive-green. 


Action of Grignard Reagents on Phenyl-«-naphthylchloroacetyl 
Chloride. 


Phenyl-«-naphthylacetone—5 G. of phenyl-«-naphthylchloroacetyl 
chloride (1 mol.) were added gradually to the Grignard reagent 
prepared from 18 g. of methyl iodide (7 mols.). The ether boiled 
briskly and a green coloration was noted. After heating for 3 hours, 
the mixture was decomposed by ice, ammonium chloride, and 
ammonia, and the ether distilled from the ethereal solution. 'The 
resulting oil (4 g.) was crystallised from aqueous alcohol. 

Phenyl-a-naphthylacetone, ©1)H,*CHPh:COMe, separates from 
aqueous alcohol in square plates, m. p. 84-5—85° (Found: C, 87-2; 
H, 6-4. C,)H,,0 requires C, 87-6; H, 62%). Yield: 1 g. Itis 
very insoluble in water, and readily soluble in ethyl alcohol, benzene, 
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chloroform, acetone, or ethyl acetate. It gives a crimson coloration 
with cold concentrated sulphuric acid, and no coloration with 
alcoholic ferric chloride. 

The ketone was disrupted by heating with alcoholic potash for 
4 hours, when phenyl-«-naphthylmethane and acetic acid were 
identified as the products of the action : 


C,)H,*CHPh7—-COMe 
eon ee 

Phenyl-«-naphthylacetonaphthone.—10 G. of phenyl-«-naphthyl- 
chloroacetyl chloride (1 mol.) were added during 20 minutes to the 
Grignard reagent prepared from 40 g. of «-bromonaphthalene 
(6 mols.). The action was brisk, and the solution became yellow. 
After 24 hours’ heating, decomposition was effected by ice and dilute 
sulphuric acid, the ether was expelled, and the naphthalene and 
dinaphthyl partly removed by steam distillation. The aqueous- 
alcoholic solution of the resulting oil was decolorised with charcoal, 
and from the filtrate some dinaphthy] first separated. The latter 
was removed, and the crude ketone (2 g.) separated on concentration 
of the solution. It was purified by further crystallisation from 
aqueous alcohol. 

Phenyl-a-naphthylacetonaphthone, CyH,-CHPh:CO-C,,H,, separ- 
ates from light petroleum in prisms, m. p. 125—126° (Found: 
C, 90-0; H, 5-6. C,gH. 0 requires C, 90:3; H, 5-4%). It gives 
an orange-yellow coloration with cold concentrated sulphuric 
acid. 

a-Naphthoic acid was isolated from the solution obtained by 
heating the ketone with alcoholic potash for 6 hours. 

Phenyl-a-naphthylmethyl p-Tolyl Ketone.—Phenyl-«-naphthyl- 
chloroacetyl chloride (5 g.) was gradually added to the Grignard 
reagent prepared from p-bromotoluene (20 g.). The solution 
became green, and after the vigorous action had subsided, the mix- 
ture was heated for 5 hours and decomposed by ice, ammonium 
chloride, and ammonia. The residual oil from which the bulk of 
the ditolyl had been removed by steam was extracted with ether. 
When the ethereal solution was concentrated, 2-4 g. of the nearly 
pure ketone separated, and this was crystallised from aqueous 
alcohol. 

Phenyl-«-naphthylmethyl p-tolyl ketone, CyH,*CHPh-CO-C,H,, 
separates from aqueous alcohol, or from benzene-light petroleum 
(b. p. 60—80°) in prisms, m. p. 141—142° (Found: C, 89:2; H, 6-1. 
C,;H,,O requires C, 89:2; H, 60%). With cold concentrated 
sulphuric acid it gives a yellow coloration. It is readily soluble in 
benzene or ethyl alcohol, and sparingly soluble in light petroleum. 
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When heated with alcoholic potash for 34 hours, it underwent 
disruption according to the scheme : 


C,9H,-CHPh--CO-C,H,Me . 
os H. ? 


phenyl-«-naphthylmethane and -toluic acid were isolated. 
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CCCXLIX.—Olefinic Terpene Ketones from the Volatile 
Oil of Flowering Tagetes glandulifera. Part I. 


By Tuomas GirBert Henry JONES and FRANK BerRRy SMITH. 


Tagetes glandulifera (n.o. Composite), an annual native to South 
America, is a conspicuous floral feature in portions of coastal Queens- 
land, attracting attention by reason of its powerful and somewhat 
unpleasant perfume at the flowering period. The flowers are borne 
in dense terminal panicles, and the calyces are distinguished by 
abundant and clearly visible oil glands. In view of characters, 
somewhat unusual in essential oils of Composite, displayed by the 
flower oil of 7’. petula (Schimmel and Co. Rep., November, 1908, 
p- 141; April, 1909, p. 87) and by that of 7. annisata (Zelada, 
thr. Chem. Abs. 1922, 4011), the volatile oil yielded by the flowers of 
T’. glandulifera was deemed to merit investigation; and to that end 
quantities of the flowering plants were gathered in the neighbourhood 
of Brisbane in the autumns of 1923 and 1924, and steam distilled. 
The volatile oil of flowering 7’. glandulifera contains, in addition 
to terpenic constituents, ocimene (30°) and d-limonene (3%), 
two closely related and hitherto unrecorded ketones of the olefine 
terpene series, comprising respectively 5—10 and 50—60°% of the 
oil and having molecular compositions C,)H,,0 and C, ,H,,0. 
The behaviour and properties of these ketones indicate that they 
are yy-dimethyl-A+-octen-c-one, CH,-CH*-CHMe-CH,:CO-CH,°CHMe, 
and 7-methyl--y-methylene-A*-octen-e-one, 
CH,-CH:-C(°CH,)*CH,"CO-CH,°CHMe,, 
respectively. The name tagetone is proposed for the latter ketone, 
which is the principal and characteristic constituent of the volatile 
oil. From our observation of a small quantity of the volatile oil 
of the flowers of 7’. yetula and from the recorded characters of that 
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oil, it appears probable that it also contains tagetone as a main 
constituent. 

yn-Dimethyl-A*-octen-c-one, isolated from the lower-boiling frac- 
tions and purified by regeneration from the semicarbazone (m. p. 
92-5°), is a colourless, mobile liquid boiling at 185°/760 mm. and 
possessing small but distinct optical activity. It forms a liquid 
dibromide, and is reduced by hydrogen in presence of a catalyst to 
a saturated ketone, Cy9H 90 (yy-dimethyloctan-c-one). 

Oxidation of yy-dimethyl-A*-octen-c-one with potassium per- 
manganate in acetone at 0° gave as main product a ketonic acid, 
C,H,,03 (G-isovaleryl-x-methylpropionic acid), together with smaller 
amounts of zsovaleric and formic acids. The keto-acid had the 
characteristics of a y-ketonic acid, and was optically active, with 
small rotation opposite in direction to that of the parent ketone. 

The keto-acid, of which relatively little was available for oxidation 
experiments, was attacked slowly by permanganate in acetone at 
30°, the greater portion being recovered; the products were iso- 
valeric and acetic acids together with a small quantity of solid acid, 
presumably dibasic, insufficient for identification. With aqueous 
alkaline permanganate, oxidation proceeded readily at 0°, con- 
siderably more of the oxidant being consumed than required for the 
primary products theoretically indicated ; there were isolated acetic 
acid in large amount, one molecular proportion of oxalic acid, and a 
smaller quantity of isovaleric acid. With chromic acid, the product 
consisted mainly of acetic acid, although isovaleric acid was obtained 
and a small amount of methylsuccinic acid. 

Oxidation of the saturated ketone (yy-dimethyloctan-c-one) with 
3% alkaline aqueous permanganate at the ordinary temperature 
(25—30°) yielded «-methylbutyric, acetic, and oxalic acids; but 
no isovaleric acid. With chromic acid, the products were 6-methyl- 
valeric, «-methylbutyric, and acetic acids. The formation of these 
acids on oxidation, in conjunction with the production of isovaleric 
acid from the unsaturated ketone, shows that the saturated ketone 
is yn-dimethyloctan-e-one, CH,*CH,-CHMe-CH,°CO-CH,"CHMe,. 

Tagetone is a light yellow liquid with a peculiar and characteristic 
odour, and comprises the highest-boiling fraction of the volatile oil. 
It is remarkably prone to alteration; readily absorbs oxygen, and 
polymerises slowly at the ordinary temperature and rapidly on 
heating, the change being almost complete at the boiling point 
(210°/760 mm.). On heating with dilute acids and dilute aqueous 
alkali, indefinite resinous substances are formed. It reacts vigor- 
ously with sodium on warming, a red, resinous mass being produced ; 
a trace of sodium ethoxide imparts a deep red colour. Sodium 
slowly reacts with the substance dissolved in anhydrous ether, a red 
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sodium salt being produced. In reaction with bromine four atoms 
are added to the ketone, but hydrogen bromide is immediately 
evolved; a definite bromide could not be isolated. 

Crystalline derivatives of tagetone were not obtained. The 
product of reaction with semicarbazide was resinous and ane 
lisable; the readily formed oxime is liquid. 

The ketonic character of tagetone was fully established by its 
almost quantitative reduction, by hydrogen in presence of platinum 
black, to a saturated ketone, the identity of which with yy-dimethyl- 
octan-e-one was proved by comparison of the physical constants, 
products of oxidation, and the semicarbazones, which melted each 
separately and in admixture sharply at 91-5°. 

Reduction of tagetone with sodium in moist ether produced 
mainly a substance, Cj9H,,0; another product was a stable pinacol, 
Cyp9H3,0,, which was also obtained by electrolytic reduction of 
tagetone in acid alcoholic solution with a platinum or nickel cathode. 

Oxidation of tagetone with aqueous alkaline permanganate 
produced principally isovaleric acid in almost quantitative yield 
and oxalic acid in one molecular proportion. 

Of the possible alternative formule assignable to tagetone, 
namely, those comprising the systems -CO-CH,°C(:CH,)*CH:CH, and 
*CO-CH:CMe’CH:CH,, the former alone seems to account for the 
behaviour of the substance on oxidation, and the reaction with 
sodium and obvious salt-formation. The tendency to assume the 
enolic form which comprises the doubly conjugated system 

-C(OH):CH-C(°CH,)-CH:CH, 
affords a ready explanation of the instability and proneness of 
tagetone to polymeric change. 

Neither +yy-dimethyloctan-e-one, derived by reduction of the 
natural ketones and affording the key to their structure, nor §-1so- 
valeryl-«-methylpropionic acid, obtained as primary product of 
oxidation of yy-dimethyl-A*-octen-e-one, has, apparently, been 
previously described. ‘The apparent anomaly in deportment of the 
former towards aqueous alkaline potassium permanganate, iso- 
valeric acid being wholly absent from among the products of oxida- 
tion, is probably to be attributed to rupture of the molecule at the 
7-carbon atom (compare Crossley and Perkin, J., 1898, 73, 21), 
oxalic’ acid being thereby produced. The synthesis of these 
substances is being undertaken. 

The position of the carboriyl group in the molecules of these new _ 
natural ketones corresponds to that of the same group in the 
ruptured menthonering. For the purpose of studying ring formation 
and continuing, generally, the examination of these olefinic ketones, 
a further seasonal supply of oil is awaited. 
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ExPERIMENTAL. 


The volatile oil of flowering 7. glandulifera is a bright yellow, 
somewhat mobile liquid having the powerful cloying odour of the | 
erushed flowers, reminiscent of the principal constituent and of 
olefinic terpenes. It slowly resinified on keeping, and on exposure 
left a tacky, resinous residue. 

The amount secured from approximately 14 tons of flowering 
plants, it being impracticable on the large scale to separate the 
flowers, was 3°5 kilo., equivalent to 0-5%. A yield of 1% was 
obtained in a small distillation of floral portions alone. The 
recovery of volatile oil from the plants prior to flowering was 
extremely small; the difference in constants of oils distilled from 
whole plants and floral portions would, however, indicate that at 
flowering the proportion of terpenic constituents is considerably 
augmented by the leaves, and that the seat of the ketones is mainly, 
if not exclusively, the floral parts. 

Evidence of considerable resinification during distillation was 
seen in the viscid yellow resin coating the still-head and still residues. 

The constants recorded for the oils were the following : Oil from 
flowering plants, d°* 0-8638 ; n® 1-4820; [a]p + 4°; acid value 
2; acetyl value 33. 

Oil from flowers, d**’ 0-8743; n° 1:4870; [a]p + 2°5°; acid 
value and acetyl value not determined. 

The usual reagents extracting practically nothing, the oil (3,800 
c.c.) was fractionally distilled at 3—4 mm. through a 3-section 
Young fractionating column, a trap cooled by liquid ammonia 
being interposed between the pump and receivers. The following 
fractions were collected : 


Bs", n, [alo 
045° =-:1,200c.c. —-0-8 285 1-4710 +9-1° 
45—50 400 0-85.44 1:4710 +2 
50—58 325 0:8671 1-4770 +0-6 
5s—65  .1,150  0-8803 . 1-4850 +0°3 


Ammonia trap 50 


Loss by resinification 675 c.c. equiv. to 18%. 

Repeated refractionation, first at 3—4 mm. to reduce as far as 
possible loss by resinification, eventually yielded three main, with 
small intermediate fractions. 


qos’, n, [a]p. 
(a) 72—75°/24 mm. 800 e.c.  0°8148 1-4695 +15° 
(b) 85—90°/24 mm. 150 0-84.20 1-4523 sth 
(c) 55—65°/3 mm. 1,300 0-8804 1-4890 bso 


Fraction (a) was mainly terpenic; the somewhat low refractive 
index of (b) suggested the presence of a ketone or ketones; while 
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fraction (c) was apparently practically homogeneous and comprised 
the main constituent of the oil. 

Fraction (a) was twice treated with semicarbazide acetate in 
alcohol for removal of any ketone present, the solution was neutral- 
ised, and the terpenes were distilled in steam. A quantity of 
crystalline semicarbazone remaining was digested with dilute 
sulphuric acid, and the regenerated ketone added to fraction (b). 

The distilled terpenes then had «= + 13° (J=1), and for 
separation of the active constituent were submitted to exhaustive 
reiractionation under the conditions found most effective, namely, a 
Young 3-section column and 3 mm. pressure.* There were thus 
obtained a head fraction (50 c.c.) showing « = + 65° (J = 1), and 
the bulk (2 = + 3°; 1 = 1). 

Identification of d-Limonene and Ocimene—The head fraction 
was distilled from sodium and finally fractionated at atmospheric 
pressure; it was then collected mainly at 173—178° with constants : 
d* 0:8346; [a]p + 88°; iodine value 410 (equiv. to 4:3 atoms) 
(Found: C, 88-1; H, 11-6%). 

The presence of d-limonene (admixed still with 16% of ocimene), 
suspected from the constants, was confirmed by preparation of the 
tetrabromide (m. p. 104°). 

The large subfraction, distilled from sodium, had constants 
dad? 08058; nj 14855; -b. p. 71—72°/15 mm., 84—85°/30 mm. 
(Found: C, 87-9; H, 116%). 

Identity with ocimene was established by (a) reduction by 
hydrogen in presence of platinum black to dimethyloctane (b. p. 
158—159°/760 mm.; d** 0-7406; n°. 1-4091; (b) conversion into 
alloocimene (b. p. 185°/760 mm.; ww" 0-818; n® 1-519: (e 
reduction by sodium in alcohol to dihydroocimene, whence was 
prepared the crystalline tetrabromide (m. p. 88°). 


Isolation and Characterisation of yn-Dimethyl-A*-ogten-e-one. 


In order completely to separate from associated terpene, the 
ketone of fraction (b), supplemented by ketone regained from 
fraction (a), was converted into semicarbazone. This was re- 
crystallised several times from dilute alcohol, and the ketone 
regenerated by warming with 20% oxalic acid solution and distilled 
under reduced pressure. The following constants were recorded : 
ad 08354, nit’ 1-4295, [«]p + 15°; b. p. 185—186°/760 mm., 


* Despite the higher boiling point at the ordinary pressure, d-limonene 
boils slightly below ocimene at 3—4 mm. At 30 mm., the boiling points 
apparently coinciding, no separation by fractionation was practicable. 
Separation at ordinary pressure can be slowly accomplished owing to the 
gradual production of alloocimene, b. p. 185°. 


VOLATILE OIL OF FLOWERING tagetes glandulifera. PARTI. 2535 


88—89°/30 mm. (Found: C, 77-7; H, 11-5. C 9H ,0 requires 
C, 77-9; H, 11-7%). The small optical rotation was unaffected by 
further recrystallisation of the semicarbazone. | 

The ketone combined neither with sodium sulphite nor bisulphite, 
nor did it react with Schiff’s reagent or ammoniacal silver. It 
was unaffected by boiling under reflux for several hours with 20% 
sulphuric acid. 

The semicarbazone crystallised from alcohol in needles, m. p. 
92-5° (Found: C, 62-2; H, 9:9; N, 19-6. C,,H,,ON, requires 
C, 62-5; H, 9-9; N, 199%). The oxime, prepared by the usual 
method, had b. p. 222°/760 mm.; d®* 0-8778; [a]p + 2°4° 
(Found: N, 8-1. C,)H,,ON requires N, 8-3%). 

yn-Dimethyl-A*-octen-c-ol—To 10 g. of the ketone in absolute 
alcohol boiling under reflux was added in fragments twice the 
theoretical amount of sodium. By dilution with water and extrac- 
tion with ether an alcohol was obtained, b. p. 92°/20 mm., 
d©*" 08305; n2®° 1-440; [«]p + 1-:75° (Found: C, 76-7; H, 12-6. 
C1 9H. )0 requires C, 76:9; H,12-8%). A crystalline phenylurethane 
was not obtained. 

Reduction of yn-Dimethyl-At-octen-c-one to yn-Dimethyloctan-e-one. 
—The ketone (20 g.) was repeatedly volatilised in purified hydrogen 
over a nickel catalyst on pumice in a U-tube at 180° until the 
product failed to decolorise bromine. Alternatively, reduction was 
effected at the ordinary temperature with platinum black as catalyst, 
suspended in a well-shaken ethereal solution of the ketone. The 
saturated ketone had b. p. 187—188°/760 mm.; d”* 0-8201; 
nm? 1-4205; [a]) — 1-5°. 

The semicurbazone crystallised from dilute alcohol in needles, 
m. p. 91:5° (Found: C, 61:5; H, 10:8; N, 19-6. C,,H.,ON3 
requires C, 61-9; H, 10-8; N, 19-7%). The oxime had b. p. 224— 
225°/760 mm.; d°*0-8419; nj 1-4338 (Found: N, 8-0. 
C,.H,,ON requires N, 8-2%). 

yn-Dimethyloctan-e-ol.—By the action of sodium on yy-dimethyl- 
octan-c-one in boiling absolute alcohol was produced an alcohol of 
notably pleasant odour with constants d”* 0-8230; nj 1-4270; 
b. p. 195°/760 mm. (Found: C, 75:7; H, 13-7. CoH 20 requires 
C, 75:9; H, 13-9%). A crystalline phenylurethane was not 
obtained. 

Oxidation Products of :yn-Dimethyl-At-octen-e-one. Isolation of a 
Ketonic Acid, C,H, ,03.—To 25 g. of the ketone in 200 c.c. of acetone, 
cooled in ice, was added fine-sieved potassium permanganate 
(120 g.); reaction then appeared complete. The aqueous saline 
solution, obtained by thorough leaching of the precipitated oxide of 
manganese removed by filtration and washed with acetone, was 


pov 
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concentrated to small bulk and acidified. The liberated acids were 
extracted with ether, finally in a continuous extractor, and after 
esterification with ethyl alcohol were resolved by fractional dis- 
tillation into the following fractions: (a) below 100°, principally 
ethyl formate and acetate; (b) 100—130°, principally ethyl iso- 
valerate, tsovaleric acid being identified by the character and 
analysis of the silver salt, and by preparation of the anilide (m. p. 
110—111°); (c) 130—180°/760 mm., a mixture of (b) and (d); 
(d) 126—130°/25 mm. This was refractionated, when the greater 
portion boiled constantly at 127°/25 mm. (Found: C, 66-2; 
H, 10-1. C,,H, 03 requires C, 66-0; H, 10-0%). 

The ester reacted with semicarbazide and was evidently the ester 
of a ketonic acid, which, from absence of colour reaction with 
alcoholic ferric chloride and its stability towards heat, was judged 
to be a y-ketonic acid. 

The y-ketonic acid, §-isovaleryl-«-methylpropionic acid, was 
subsequently prepared in larger yield by oxidation of yy-dimethy]l- 
A*-octen-e-one in acetone strictly at 0° with the theoretical amount 
of permanganate, and separation as principal product from the 
extracted acids by fractional distillation under reduced pressure 
without previous esterification. It solidified below 25°, crystallising 
in long needles, and melted sharply at that temperature: b. p. 
169—171°/25 mm.; «aj — 2-1° (/ = 1) (Found: CO, 62-3; H, 9-3. 
C,H, ,0, requires C, 62:7; H, 9-3%). 

_ The semicarbazone, crystallised from water, melted at 165° 
(Found: C, 52-5; H, 8-4; N, 18-3. C,,H,,O,N, requires C, 52-4; 
HyS8:33 (Ni 18595). 

The semicarbazone of the ethyl ester (b. p. 127°/25 mm.), crys- 
tallised from alcohol, melted at 122°. 

Oxidation of the a -Ketonic Acid.—(a) To 5 g. of the acid was added 
aqueous alkaline 2% permanganate (28 g., equiv. to 9 oxygen atoms) 
until reaction was i Snipletes the whole being kept cool in an ice- 
bath. The products isolated were zsovaleric acid in small amount, 
oxalic acid (1 mol.), and a large amount of acetic acid; no dibasic 
acid other than oxalic could be detected. (b) The acid in acetone 
at 30° was treated with finely sieved potassium permanganate. 
The products identified were isovaleric and acetic acids. By 
prolonged extraction with ether of the still-liquor after removal of 
the volatile acids, a trace of crystalline acid was obtained insufficient 
for identification. (c) The acid (5 g.) was refluxed for 4 hours with 
15 g. of potassium dichromate and 5 c.c. of concentrated sulphuric 
acid in 75 c.c. of water The products isolated by distillation were 
isovaleric acid in small amount and acetic acid, and by subsequent 
ether extraction methylsuccinic acid (0-15 g.), m. p. 112° after 
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recrystallisation from ether (Found: C, 45-4; H, 6-1. Calc., 
C, 45-4; H, 6-1%). 

Oxidation of yn-Dimethyloctan-e-one with Chromic Acid.—The 
largest relative yield of volatile acids was obtained by the following 
procedure. In each of three experiments, 10 g. of the ketone were 
refluxed during 12 hours with 10 g. of potassium dichromate and 
8 c.c. of concentrated sulphuric acid in 65 c.c. of water; on isolation, 
about half the ketone was recovered unchanged and volatile acids 
equivalent to 2-0 g. of sodium hydroxide were distilled in steam. 
The distillates were digested with moist silver oxide and the 
relatively soluble silver salts were obtained after repeated recrys- 
tallisations in fractions containing respectively in order of increasing 
solubility (a) 48-4, (b) 51-7, (c) 625% of silver. , 

The identity of (a) with silver B-methylvalerate was established 
by preparation from the regenerated acid of 8-methylvaleranilide, 
m. p. 88° (J., 1895, 67, 268); that of the second acid (b), evidently 
the principal product, with d-methylbutyric acid by means of the 
amide, m. p. 110°, and of an anilide, prepared through the acid 
chloride and crystallised from light petroleum, which melted, 
alone or mixed with an authentic specimen, at 104-:5°. Silver 
d-methylbutyrate was readily distinguished from the silver salts 
of n- and iso-valeric acids by its greater solubility and its crystalline 
form. Fraction (c) was essentially silver acetate. 

Oxidation of yn-Dimethyloctan-e-one with Potassium Permanganate. 
—A greater yield of volatile acids was obtained with potassium 
permanganate as oxidant. The ketone (10 g.) was slowly oxidised 
when shaken at room temperature with 3% alkaline permanganate ; 
for practically complete oxidation, 60 g. of potassium permanganate 
(equiv. to 10 oxygen atoms) were required. The filtrate and wash- 
ings from the oxide of manganese were concentrated and acidified, 
and the volatile acids distilled in steam were equivalent to 4:1 g. of 
sodium hydroxide. The residual liquor was exhaustively extracted 
with ether, but only oxalic acid was recovered and identified. The 
readily soluble volatile acids were partly separated from the acetic 
acid in the distillate by shaking with ether, and were converted into 
silver salts; by fractional crystallisation, silver «-methylbutyrate 
(Found : Ag, 51-7%%) was obtained which was identified by prepar- 
ation of the anilide (m. p. 104-5°). 


Tagetone (n-Methyl-y-methylene-A*-octen-c-one). 


The highest-boiling fraction (c) of the oil (p. 2533) was further 
fractionated ; even at 3—4 mm. considerable resinification occurred, 
and the bulk was collected at 62°. 

The constants of the pale yellow liquid, the colour of which per- 
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sisted through successive redistillations and therefore appeared to be 


constitutive, were: d* 0-8803; n3 14895; b. p. 102°/30 mm., — 
ca. 205—210°/760 mm. (Found: OC, 78:8; H, 10-5. CyoH,,0 


requires C, 78-9; H, 10-5%). The molecular refraction is 49-9 — 


(Cale. for C,)H,,0 with two ethylenic linkings, 48:5). 


Tagetone oxime was obtained in reasonable yield as a comparatively 
stable liquid of unpleasant odour, b. p. 126°/25 mm., by heating | 


tagetone with the theoretical quantities of hydroxylamine hydro- 
chloride and sodium bicarbonate: 4d" 0-9207; nj 1-4820 
(Found: ©, 71:9; H, 10-2; N, 8-2. Cy, H,,ON requires C, 71-8; 
H, 10:2; N, 8-4%). 


Reduction of Tagetone to yn-Dimethyloctan-e-one.—Pure dry 


hydrogen was rapidly absorbed when it was passed into well-shaken | 


dry ether (100 c.c.) containing 30 g. of tagetone and 5 g. of platinum 
black (prepared by Loew’s method) ; passage of the gas was continued 


until the product no longer decolorised bromine (about 5 hours). | 


The saturated ketone -produced (yield almost quantitative), after 
redistillation, had constants, b. p. 187—-188°/760 mm., d’°* 0-8198, 


nis’ 1-4205 (semicarbazone, m. p. 91-5°), identical with those of 
yn-dimethyloctan-e-one and gave the same products on oxidation 
with alkaline potassium permanganate. 

Reduction of Tagetone in Ether by Sodium.—Reduction of tagetone 


by sodium and absolute alcohol produced indefinite, red, resinous 


substances. Isolable products were obtained by reduction in 
moist ether. 


To a solution of 40 g. of tagetone in 200 c.c. of ether, floating on 
concentrated aqueous sodium bicarbonate, sodium was added in. 
small fragments; water was occasionally added to promote dis-— 


solution of the sodium, and the reaction was modified, as necessary, 
by immersing the flask in cold water. The product, on fraction- 


ation, gave (a) a substance, b. p. 197°/760 mm., d”* 0-8524, n° 1-4490 


(Found: C, 77-6; H, 11:6. C©,9H,,0 requires C, 77-9; H, 11-79%) 
and (b) the pinacol, b. p. 183°/4 mm., described below. 

Electrolytic Reduction of Tagetone—The reduction was effected 
in a divided cell, the anode compartment containing a platinum 


spiral and 10% sulphuric acid. The cathode liquid was composed | 
of 20 c.c. of tagetone, 70 c.c. of 95% alcohol, 10 c.c. of 10% sulphuric 
acid, and 0-4 g. of nickel sulphate. The cathode was an activated | 
nickel foil cylinder, etched by nitric acid, of surface area 2-2 cm. 
(alternatively, a platinum dish was employed). The system was 


cooled in running water. The current density was maintained at 
3-5—4 amp./cem.2 by addition, as required, of 10% sulphuric acid to 
the cathode liquid. The #.M.F. was 8—12 volts throughout. 


When reduction was considered complete (27 hours), the cathode | 
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liquid was poured into water. The separated product, after 
distillation, had d”* 0-9258, nif’ 1-4820, b. p. 183°/4 mm. (Found : 
C, 78-2; H, 11:0. OC. 9H,,0, requires C, 78-4; H, 11:1%). . The 
iodine value (328) indicated four ethylenic linkings. Evidently a 
pinacol, the substance was comparatively stable to heat, showing no 
tendency to resinification or decomposition on distillation at 4 mm. 
pressure. 

_ Oxidation of Tagetone—The ketone (50 g.) was gradually treated 
in the cold with 350 g. of potassium permanganate in 2% aqueous 
alkaline solution; oxidation then appeared complete. After 
filtration from precipitated oxide of manganese and concentration 
and acidification of the filtrate, the volatile acids were distilled in 
steam. ‘They were recovered in good yield and converted into ethyl 
esters, the greater portion of which distilled at 130—132°/760 mm. 
and was identified as ethyl isovalerate by conversion into isovaler- 
anilide (m. p. 111°); a small lower fraction indicated some acetic acid. 

Examination of the non-volatile acid extracted from the residual 
liquor by ether revealed only oxalic acid, determined in a small- 
scale quantitative oxidation as equivalent to one molecule. 

Oxidation of the ketone in acetone solution with permanganate 
gave as principal product isovaleric acid, with oxalic acid, but no 
trace of a ketonic acid. 


UNIVERSITY OF QUEENSLAND, 
BRISBANE. [Received, August 5th, 1925. ] 


CCCL.—The Isomerism of the Styryl Alkyl Ketones. 
Part II. The Isomerism of the Homologues of 
2-Hydroxystyryl, and of 3-Methoxy-4-hydroaxystyryl 
Methyl Ketones. 


By ALEXANDER McGooxin and DonaLD JAMES SINCLAIR. 


Tue yellow form of 2-hydroxystyryl ethyl ketone, stated by Decker 
and Fellenberg (Annalen, 1908, 364, 24) to melt at 101°, has m. p. 
116° when pure. The colourless modification has the same m. p. 
(Auwers and Voss, Ber., 1909, 42, 4423, 118—119°). The two 
substances are stereoisomerides analogous to those of 2-hydroxy- 
styryl methyl ketone (Part I, J., 1924, 125, 2099). Again the 
yellow form is labile, and is even more readily transformed into 
the colourless modification than is the yellow form of the lower 
homologue. 

As stated by Decker and Fellenberg (Joc. cit.), when salicylalde- 
hyde is condensed with methyl ethyl ketone a small quantity of 
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a yellow, crystalline substance—A—of m. p. 246—247° is also 
produced. This compound is not a distyryl ketone (Part I), for, 
although the methylene group of 2- hydroxystyryl ethyl ketone is | 
capable of condensing with aldehydes in the presence of acids, 
it has been shown, by attempted condensations under varying 
conditions, that it is inert towards alkaline condensing agents. 

Although the structure of the compound A has not yet been 
elucidated, the authors have proved, by analyses of the substance 
itself and of certain of its derivatives, that it cannot have the 
formula C,,H,,0, suggested for it by Decker and Fellenberg (loc. 
cit.). 

Whereas the rapid development of a red coloration when the 
yellow isomeride of 2-hydroxystyryl methyl ketone is treated with 
aqueous sodium hydroxide was shown to be due to the formation 
of the sodium salt of 2: 2'-dihydroxydistyryl ketone (Part I), 
such a reaction is obviously impossible in the case of the next 
higher homologue. Confirming this conclusion, both isomerides 
of 2-hydroxystyryl ethyl ketone give yellow solutions when treated 
with alkali, which, however, turn red on standing for 2 weeks on 
account of the slow production of the sodium salt of the compound A. 

Harries and Busse (Ber., 1896, 29, 376) and Auwers and Voss 
(loc. cit.) describe 2-hydroxystyryl n-propyl ketone as a crystalline 
solid melting at 116°, but make no mention of its colour. Yellow 
and colourless forms have now been prepared, both of which melt 
at 113°. The yellow isomeride is again the unstable variety and 
can readily be isomerised by the usual methods (Part I). Both 
modifications, moreover, yield yellow alkaline solutions; these 
develop the usual red colour when kept for four weeks, but the 
amount of red sodium salt produced is too minute to be isolated. 

By condensation in the usual manner 2-hydroxystyryl n-hexyl 
ketone also has been obtained in yellow and colourless forms, 
each melting at 102—103°. The yellow isomeride is exceedingly 
unstable and isomerises even in the dry state. Both forms give 
yellow solutions in alkali which redden after three months’ exposure, 
but again the isolation of the red sodium salt produced is impossible 
on account of the small quantity formed. 

A comparison of the properties of the 2-hydroxystyryl allcyl 
ketones indicates that the stability of the yellow isomeride decreases, 
and the resistance of the molecule to fission by alkaline reagents 
increases, with increasing molecular weight. 

In Part I, it was mentioned that yellow and colourless isomerides 
of 3-methoxy-4-hydroxystyryl methyl ketone had been obtained. 
The ethyl and n-propyl homologues of this series have now been 
prepared, each in two forms—yellow and colourless—having 
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identical melting points. Unlike 3-methoxy-4-hydroxystyryl methyl 
ketone, which rapidly develops a red coloration in presence of 
alkali, these homologues only do so on long standing. Since the 
development of a red coloration is dependent on the fission of the 
molecule (Part I), it appears that the higher homologues in this 
series are also the most stable. Moreover, the 3-methoxy-4-hydr- 
oxystyryl alkyl ketones resemble the 2-hydroxy-compounds in 
the decreasing stability of the yellow isomerides with increasing 
molecular weight. 

Throughout the entire series of hydroxystyryl ketones so far 
examined, each pair of isomers invariably has the same melting 
point, which is doubtless due to one form changing into the other 
at, or below, the melting point of the latter. Other isomeric, 
unsaturated ketones have been described which do not exhibit 
this peculiar property (compare Bodforss, Ber., 1916, 49, 2802; 
Dilthey and Radmacher, Ber., 1925, 58, 361). 

During the preparation of the isomeric hydroxystyryl alkyl 
ketones it was often observed that the white isomeride has the 
property of “seeding” the yellow form so that the latter cannot 
afterwards be prepared in the same atmosphere or by the same 
experimenter (compare McKenzie and Roger, J., 1924, 125, 846; 
Dilthey and Radmacher, loc. cit.). 

The authors desire to correct a statement of Vavon and Faillebin 
(Compt. rend., 1919, 169, 65) that the yellow modification of 3:4. 
methylenedioxystyryl methyl ketone described by Haber (Ber., 
1891, 24, 617) is an impure form of the colourless compound and 
is not its stereoisomeride. The existence of two distinct isomerides 
of this compound has been definitely established and quantitatively 
confirmed by solubility measurements. Similar data have been 
obtained in the case of 3-methoxy-4-hydroxystyryl methy] ketone, 
the isomerides of which have previously been described (Part I). 

Since carbon dioxide is generally employed to precipitate these 
ketones from their alkaline solutions, it might be thought that 
both forms are identical and that the yellow colour of the one is 
due to the presence of a trace of alkali. Such, however, is not 
the case, since each yellow modification can be isolated from its 
alkaline solution by means of dilute acids. 

Finally, all the hydroxystyryl ketones so far investigated are 
coloured crimson by boiling, concentrated hydrochloric acid, the 
yellow isomeride more rapidly than the colourless modification. 
On this account it was originally thought that the yellow form 
had the cis-configuration (Part I). As, however, similar changes 
have been observed in the case of hydroxystyryl ketones incapable 
of pyrylium salt formation, such a view cannot be maintained. 
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EXPERIMENTAL. 


2-Hydroxystyryl Hthyl Ketone—A solution of salicylaldehyde 
(50 g.) in aqueous sodium hydroxide (500 c.c. of 10%) rapidly 
became dark red after addition of alcohol (50 c.c.) and methyl) 
ethyl ketone (10 g.). The long, yellow needles of the sodium salt 
of the ketone deposited after 24 hours were dissolved in water and | 
acidified with dilute acid; the free ketone produced crystallised 
from benzene in colonies needles, m. p. 116° (Found: C, 74-9; 
H, 6-9. (C,,H,.0, requires C, 75-0; H, 6-89). If excess of 10% 
alkali and alcohol be employed, no sodium salt separates from the : 
condensation mixture and on precipitation with carbon dioxide 
the yellow isomeride is obtained which crystallises from cyano- 
acetic ester in yellow needles, m. p. 116°. Addition of a trace of 
dilute acid to a boiling solution of the yellow form caused i isomer- | 
isation (Found: C, 74:9; H, 6-7%). 

Compound A was obtained in yellow needles (m. p. 246—247° 
by Decker and Fellenberg’s method (loc. cit.). It dissolved in 
aqueous alkali to yield a red solution of its salt (Found: OC, 77-9, 
78-1; H, 6-6, 6-6. Decker and Fellenberg found CO, 78-1; H, 65%, 
and none of these figures agrees with the formula CuO, suggested : 
by them, which requires C, 79:0; H, 6-5%). 

The Acetyl Derivative of Compound A, prepared in the | 
way, formed colourless needles, m. p. 182°, which were soluble in 
alcohol and ethyl acetate but insoluble in alkali (Found: C, 73-9; 
H, 6:3; CH,°CO, 27-1%). The diacetyl derivative of the com- | 
pound suggested by Decker and Fellenberg would have the formula | 
C.gH..O; and would require C, 74-6; H, 6-2; CH,°CO, 28-2%. 

The Carbomethoxy-derivative of Compound A was prepared by 
the recognised method and formed colourless needles, m. p. 184° 
with shrinking at 179°; it was soluble in organic solvents but 
insoluble in cold alkali, which, however, caused hydrolysis on. 
warming (Found: C, 71:0, 71-3; H, 6-0, 6-:0%). The dicarbo- 
methoxy-derivative of the compound C,,H,,0; would have the 
formula C,,H,,0, and would require C, 69-3; H, 5-8%. 

2-Hydroxystyryl n-Propyl Ketone.—A solution of salicylaldehyde 
(50 g.) and methyl n-propyl ketone (50 g.) in alcohol (100 c.c.) | 
was gradually added to aqueous sodium hydroxide (500 c.c. of 
10%). The mixture when warmed on a water-bath for 10 minutes 
turned red, and after 24 hours deposited long, yellow needles of 
the sodium salt of the ketone. These were acidified in aqueous 
solution, and the faintly coloured precipitate of the free ketone 
produced crystallised from benzene in colourless needles, m. p. 
113° (Found: C, 75-7; H, 7-3. ©,,H,,0, requires C, 75-8; H, | 
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7:4%). The filtrate obtained after removal of the yellow sodium 
salt, on saturation with carbon dioxide, gave a yellow precipitate, 
which crystallised from cold aqueous alcohol in yellow plates, 
m. p. 113° (Found: C, 75:7; H, 7-3. C©,,H,,0, requires C, 75-8; 
H, 7-4%). 

2-Hydroxystyryl n-Hexyl Ketone.—Salicylaldehyde (5 g.) and 
methyl n-hexyl ketone (5 g.) were treated with a mixture of alcohol 
(100 c.c.) and aqueous sodium hydroxide (30 c.c. of 30%). After 
7 days, a light orange colour developed in the solution which, on 
neutralisation with carbon dioxide, furnished a yellow precipitate. 
Careful crystallisation from cold aqueous alcohol resulted in the 
formation of yellow plates, m. p. 102—103°, which were very 
unstable and passed on standing into a colourless isomeride of 
identical melting point (Found: ©, 77:2; H, 8-7. C,;H» 0. 
requires C, 77-6; H, 8-6%). 

3-Methoxy-4-hydroxystyryl Ethyl Ketone-——A mixture of vanillin 
(50 g.), methyl ethyl ketone (78 g.), and aqueous sodium hydroxide 
(150 c.c. of 10%) was warmed on a water-bath for 5 minutes, a 
red colour soon appearing. After 3 days, the solution was poured 
into 3 litres of water, filtered, and the filtrate saturated with carbon 
dioxide. The yellow solid obtained crystallised from benzene— 
hexane in yellow needles, m. p. 93°, which were readily soluble in 
alcohol, benzene, acetone, or chloroform, and sparingly soluble in 
water or hexane. The ketone dissolved in alkali to form a yellow 
solution, which assumed a red tint after 3 weeks’ exposure (Found : 
C, 69-5; H, 6-9. C,,H,,0, requires C, 69-9; H, 68%). The 
colourless isomeride is readily obtained from the yellow form in 
the usual way and when crystallised from aqueous solvents it 
separates as a yellow hydrate, m. p. 79—82° (Found: C, 63:9; 
H, 7-2. C,,H,,03,H,O requires OC, 64:3; H, 7-1%). On dehydr- 
ation the hydrate lost water (862%, theory requiring 8-73%), 
yielding colourless needles (m. p. 93°), which were also formed by 
erystallising the yellow form from non-aqueous solvents in presence 
of a trace of acid (Found: C, 69-6; H, 6-8%). 
3-Methoxy-4-hydroxystyryl n-Propyl Ketone.—Vanillin (50 g.) and 
methyl n-propyl ketone (28 g.) were dissolved in alcohol (150 c.c.), 
and aqueous sodium hydroxide (300 c.c. of 20%) was added. The 
mixture was warmed for a few minutes on a water-bath, when a 
red colour developed. On allowing to stand for 3 days and then 
pouring into excess of dilute sulphuric acid, a yellow oil separated 
which solidified on leaving in the ice-chest. It crystallised from 
aqueous acetone in yellow cubes, m. p. 83°, which were soluble in 
alcohol, benzene, or acetone (Found: C, 70-5; H, 7-3. C3H,,0. 
requires C, 70-9; H, 7-3%). ‘The filtrate from the yellow oil, on 
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standing for 2 days in the ice-chest, deposited colourless needles, 
m. p. 83°, which could also be produced from the yellow compound 
by the ordinary methods of isomerisation (Found: C, 70-6; H, 
7:3). The yellow alkaline solutions of both isomerides turned 
red on prolonged standing. 


3: 4-Methylenedioxystyryl methyl 3-Methoxy-4-hydroxystyryl methyl 


etone. ketone. | 
Solubility in g. per 100 g. Solubility in g. per 100 g. 
of alcohol of of alcohol of 4 
er mma | Fos ARINSDESHnas ae PANETT eee 
Yellow Colourless Yellow Colourless 
Temp. isomeride.  isomeride. Temp. isomeride. isomeride. 
20° 1-5 1-2 18° 4-4 4:8 
22 1:8 1:5 30 9-0 10-1 
31 4-0 2-6 38 12-1 13-7 
36 5:5 3°3 39 12-4 == 
43 8-0 — 47 16-0 18-6 
50 ~~ 4-9 


The authors desire to express their best thanks to Professor 
I. M. Heilbron, D.S.O., for his valuable advice during the course | 
of this investigation. : 
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CCCLI.—The Relationship of Salts in Dilute Aqueous 
Solution as determined by their Influence on the 
Critical Solution Temperature of the System Phenol- | 
Water. 


By Joun Herpert Carrineton, Lovis Roperr Hickson, and | 
Witi1am Hamitton PATTERSON. 


THE investigation (Duckett and Patterson, J. Physical Chem., 
1925, 29, 295) of the rise of the critical solution temperature 
(C.S.T.) of the system phenol-water due to the addition of a salt 
soluble only in the aqueous phase has been continued. 

The C.S.T. of phenol-water (temperature for standard turbidity) 
was taken as 66-:0°. The point of standard turbidity was more 
reproducible than that of appearance or disappearance of faint 
opalescence, which occurred about 2-5° higher. The standard 
was determined in all the experiments by the first appearance 
or disappearance of the thermometer bulb when viewed through 
the liquid with constant illumination. The system itself, and the 
bath in which it was placed, were stirred vigorously throughout. 
The temperatures determined were easily reproducible within 0-05°. 

Owing to the flatness of the miscibility curve in the region of 
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the C.S.T., no change of the latter could be observed when the 
percentage of phenol was varied between the limits 34-2 and 37:8; 
consequently salt hydrates could be added without causing error. 
All mixtures were, however, made to contain 36-:0—36:1% of 
phenol, and known weights of pure salts were added. Deliquescent 
salts and acids were added in the form of standard solutions. Jena 
glass was used in the case of fluorides. 

The results are stated in the tables in terms of C = number 
of g.-mols. of solute per 1000 g. of total mixture; e = elevation 
of C.S.T.; and # = e/C = molecular elevation of C.8.T. 

In the normal case of solubility of the salt in the aqueous phase 
only, absence of hydrolysis, and of complex formation, e is nearly 
proportional to C at higher concentrations; the deviation from 
linear relationship for zero concentration upwards becomes clearer 
on plotting # against C. This deviation is accentuated in abnormal 
cases. 

‘The values of e and # given in the tables are obtained for fixed 
concentrations by interpolation from curves. A bracketed number 
indicates slight extrapolation. Values are given for hydrochloric 
and sulphuric acids, and in a few cases values are reproduced, with 
slight corrections at the higher concentrations (since precautions 
were taken in these experiments to prevent evaporation), from 
the earlier paper. Abnormal cases due to hydrolysis, complex 
formation, and chemical action are not included in the tables, 
since this paper deals primarily with normal behaviour. Neverthe- 
less a few remarks on these abnormal cases may be made in 
passing. . 

Hydrolysis.—Lithium carbonate in common with the other 
alkali carbonates produces a lowering of the critical solution tem- 
perature. Sodium acetate produces a slight lowering, and sodium 
cyanide a much greater one. The method is very sensitive for 
detecting hydrolysis under the experimental conditions, 2z., at 
60—70° and in the presence of phenol. In such a case, the numerical 
value of H decreases with increasing concentration, ¢.g., for sodium 
acetate, C = 0-013, H = — 14:5; C = 0-318, H = — 1-4. 

Hydrolysis may be thus distinguished from cases where a lower- 
ing is due to solubility in the ordinary way in both phases, e.g., 
with sucrose or urea. In this case, H remains practically constant 
(Duckett and Patterson, loc. cit.). 

Complexity——Even in the case of single salts complexes are — 
sometimes formed in solution. This is especially so for cadmium 
iodide, less so for the bromide, and still less for the chloride. 
Cadmium sulphate behaves normally up to C = 0-045, and the 
‘nitrate up to a higher concentration. 

VOL. OXXVII. 4Q 


2546 CARRINGTON, HICKSON, AND PATTERSON : THE RELATIONSHIP 


TABLE I. 
Values of e. 
Molecular concentrations. 

Salt. 0-01. 0-02. 0-03. 0:04. 0-05. 0-10. 0-15. 0:20. 0-30. 
“0 oY ERS (0-35°) 0-68° 1-0° 1-25° 1-55° 2°75° 3-95° 4-95° 7-0° 
HCOONa ...... (0-50) 1:00 1:45 1-9 2-3 4:35 6:3 8-15 11-7 
NHGNOS Sans — — — (2:1) 2-4 4-3 5-95 75 10:2 
aR Ny (0:60) 1:15 1-75 2-2 par 5-2 7-5 9-6 138-6 
BODOG i ea eee (0:70) (1:30) 1:85 2:4 2-95 6:35 7-5 9-5 —_— 
KNOG ee, (0:80) 1:55 2-15 2:75 3-3 5-9 8-3. 10-4 (14-85) 
DA RTD al Ae 2 (0:70) 1:55 2:15 2-75 3-3 5-9 82 104 149 © 
NE Bios — 1:5 2-2 2-8 3°45 6-2 8-7 11-2 15-6 
EEBrO, iiss. (0-80) 1-5 2-2 2-9 3:5 6:3 8-7 10:8 — 
RFE I RL A et (0-80) 1:5 2-2 2-9 3°5 6-3 8-75 11-0 (15-4) 
HS i) Ky (pga Rees ip (0-85) 1-6 2-4 3°1 3°75 6:7 9-3 11:75 15:8 
NEOUS es — (1:7) 2:5 3°15 3-9 7-2 9-8 12:5 17:6 
Nan Ges eis (0-80) 1:55 2-3 3:0 3°75 7-1 .10-1 12:9 — 
INGE ni ca eee (0:90) 1-6 2-3 3:0 3°7 6-8 9-6 12:3 — 
Hal By galing lala fae (1:0) (2:0): 2-9 3°7 4:45 79 1-2 14:3 (20-5) 
KG go ee (1-1 2-0 3-0 3°95 4-7 8-7 12-3 16-0 — 
NaBr itu aears 1:2) 2°35 3:35. 4:3 5-2 9-2 12-95 16:5 — 
PA cust eerd es 1-2) (2:4) 3-4 4-4 5-3 9-6 13:8 17:6 (25-1) 
NaGr see (1:3) (2:5) (3:55) (4:5) 5-45 10:0 145 18-95 — 
FeSO) sistas asaes 1:55 2-95 4-2 5-3 6-35 11:3 — — — 
Pb(NO,), PEALE 1:55 3:05 4-3 5°65 6-75 12-2 17-7 (23-4) — 
NaH Tartrate — (35) 49 6-2 7-4 13:2 (19-2) — —— 
COUN sje tikenes 2-0 3°65 5-1 6-55 8-0 (14:2) — — — 
MEA has Hints tava 2:45 3-4 6-1 7-55 9-0 (15-7) — — — 
Cahill sat atu 2-5 4:8 6:65 8-3 9-9 (16-7) — — — 
NH,),SO 2°5 4:75 665 85 10:05 17-9 — — — 
COU aie euanes 2:85 5:15 7:25 9-25 11:25 (20-7) — — oo 
07.7 6 AR a 2:85 5:15 7:25 9-25 11-25 (20-7) — — _— 
Bahe), iotnetagas 2°85, 5:15 7-25 . 9-25 11:2 21:6 — — — 
ro h 6 PCR 2:85 615 7:25 9-25 11-2 (21-6) — — a 
Mal oi esedeae 2-9 5-25 7:4 95 11-4 — — — -- 
ISSO, |) wcthee sts 3°2 5:5 78 10:0 12-2 — — — — 
BeSO ais ede) 3-2 5:8 82 10-4 12-6 — — — — 
Cus icarses.s 3:2 6-0 8-7 11-2 13:6 — — — —_ 
DESO oe eke | 3°77 6-7 9-25 11-7 14-1 — — — — 
N@eSQOy asccenis 3°9 71 9-7 12:4 15-1 eee sin — — 
BOSO Muedeiec nis 3°7 6:8 9-7 12:5 15:3 —— — — —. 
GOSO pits a sceaes 3°7 6-8 9°85 12:7 15-7 = — — — 
COS hiikedh 377 6-8 99 12-7 15:8 ane —_ — — 
MORO Cie e sean ese 4:05 73 10:2 13:2 16-2 pre —~ — — 
DBO ORs ois 4] 745 106 13:8 17-1 — — — — 

Molecular 


concentrations. 0-005. 0-01. . 0-02. 0-03. 0-04. 0-05. 


Sodium Citrate ...... 295°. «B19 8-9°  12-65° 15:9° 19-49 
OriSO den Kieuads 3-5 5-5 10:0 (146) — zy 
ALISON eet cue tae 3-9 71 13-2 ke ite be 
Na,Fe(ON), scscccece-. 44. 7S ala ik 6B Bo 9 3 t= as wi 


The formation of complex molecules and ions under varied 
conditions in different solutions will be dealt with in a subsequent 
communication. 

Chemical Action.—In some cases chemical action is evident, 
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TABLE IT. 
Values of E. 
Molecular concentrations. 

Salt 0-01. 0:02. 0-03. 0:04. 0-05. 0-10. 0-15. 0-20. 0-30. 
MMAR | vacsseleves — 34° i Bs Biaivoltl ero eon 25° 23-5° 
mOOONa ...... — 49 47-7 46:4 456 43-4 41-9 40-8 39 
a ae — —- — — (47-4) 42:1 39-7 37-6 33-5 
ee, — — 58:0 55-2 54:0 51:2 49-4 47-9 45-2 
ee — (66-4) 63:0 61:2 59-6 54:3 650-8 47-6 — 
ho Ee ae — 77:2 72:0 684 65:9 59:6 55:6 52:8 (50 
os cliche. hy nm — 71-2 68:6 66:6 59-7 55-0 652-2 49-9 
Ss ee ——~ 17127) (0-45 68:6 62-1. 57-9". 65-7 * B1-9 
BRR ot doses — 75:0 73:0 72:5 70:0 63:0 58:0 540 — 
OE OAR Pee erg — 78-0 74:38 72:0 69-6 61:8 57-4 54:3 (50-6) 
—EIREUSE Sei Se — — 80-5): 78:0 “Tb-6.. 67-1 61-7. 57-7) 63:3 
FL: Saath oan aes — (794) 77:2 75-6 69-6 65:6 62:8 (58-6) 
MmeaNO, ..2::.... — 79°7 778 764 75:2 70:8 67:3 64-8 — 
Sec otis — 81:0. 78:1 76:0 74:3 68-2 643 61-6 — 
ap tete Bhai — — Ore V20 1 8S2. 79°8 74-8 TG) 
RNA ele de. — 106 101. 97-6 95:1 86:5 81-7 78:4 — 
BESP?  vewrece — (116) lll 106 103 93-1 86:8 82-7 — 
Rs — (124) 116 110 107 97-6 92:4 88-7 (83) 
0) Ee — — — — 110 #100 96-4 93-7 — 
a 157 146 139 134. 180..°.113 — — — 
MeHINOS)o cvecss 161 149 142 137 134 121 LEC CLLY) — 
NaH Tartrate — — 160 153 147 133 (127) — — 
Met NO,), «060: 197 181 173 166 ~=161 — — — — 
ha! T innes neste 247 “Ot 198 188 180 157 — — — 
a PS a 270 5 242 322104206 199 171 — — — 
(NH,),SO, Dae? Hao 21st e208 3202 176 = — — 
he. pupan anes ome BOD) 1 241. QSL; 223. ; 200 — — a 
Ue — 255 99241). /228'" 2231 201 — — — 
RG ha!) ) ais ca eh amet 24) QP WOO)": 904 — — <= 
MT ah waseceasvass pe A id 2 RE RR, Hs 0 — — = 
RRS oe 200 1262) 247" 237 230° \. 207 — —~ — 
BESO g  occscrees 3260) 282 4 12697))..2573)/ 248" 226 — — — 
ee iS ie) BOO AST ar 2690. 2b4 — — a — 
Pal air — 304 288 278 274 (269) — — a 
BO take. 367 332 307 294 283 = (257) — - _- 
BES Os si ncsinnes S88 cjob0.% 3217" -308 3300 — — — = 
UD, sencssaes 371 Gad eel tl 305 — —- a — 
BRET, Ni sven veer Bie wot.” O04. HOZans SLO — — — —— 
Lt Se PAD OSH Got tooo 4h ao0 — — — — 
Ld Sr A Os Sy eis ¥ | 329. 323 — — —— —- 
ERY cacdests 410 “373 °364.. 344... 340 —~ — ~— — 

Molecular 

concentrations. 0-005. 0-01. 0-02. 0-03. 0:04. 0-05. 
Sodium Citrate ...... 568°. 510° 455° 416° 396° 388° 
SA Sear Peer 700 550 500 487 —— — 
ETDs a vn nepardaes cans 770 720 (660) — — — 
Na,Fe(CN), ......... “ 872 1H p4 _ — on = 


€.g., with complex cobalt salts. 


chloric acid relative to those of sodium chloride. 


if 


In the case of sulphuric acid, the 
result is abnormally low, as will be seen by comparing ‘its values 
relative to those of sodium sulphate with the values of hydro- 


It is possible 
4Q2 
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that reaction with the phenol may have taken place to some extent 
even at the concentrations employed. (The possibility of the 
first stage of ionisation having ‘taken place may also account for 
the low result.) In other cases, e.g., copper sulphate, the action 
is only very slight. Such salts are therefore included. 


Discussion. 


Returning to cases of apparently normal solution as given in the 


| 


tables, no precise explanation can yet be offered of the numbers 
associated with different salts nor of their variation with con- 


centration. Previous results and those which follow become ex- 
plicable when interpreted on an hypothesis of hydration. Some 
light may be thrown on the question of the part played by the 
ions or the undissociated salt by experiments to be undertaken 
with the isomeric chromic chloride hexahydrates, which are sup- 
posed to give rise to different numbers of ions. At the present 
stage the following conclusions may be drawn : 

(1) Anions and kations may be arranged qualitatively in order 
of diminishing effect on C.8.T. 

Citrate, sulphate, hydrogen tartrate, chloride, bromide, bromate, 
nitrate = iodide, chlorate, formate. 

Ni, Mg, Cd, Co = Ba = Sr = Ca, Zn, Cu, Be, Pb, Na, Li, K, NH,, H. 

(2) The effect of the anion is in general greater than that of the 
kation. 

(3) Definite values cannot be attributed to the ions, since the 
value is modified according to the identity of the other ion in the 
compound; e.g., values of H: Na—K, 8-5 from NaI—KI, 15 from 
NaCl—KCl, and 26 from 4Na,SO,—3K,S0O,. 

(4) The effect in general decreases with increasing atomic weight 
of the elements in the various groups of the periodic system, th 
first member, however, being always out of place : | 

Na, Li, K; Mg, Ca=Sr= Ba, Be; Cl, Br, I, F. 

(5) If log e is plotted against log C, a series of parallel straight 
lines is obtained, i.e., log e = b log C + x or e = aC@®, where 6 is a 
constant characteristic of the phenol-water system (actually its 
value varies between 0-83 and 0-87), and a is a specific constant 
for each salt.* The similarity of this. equation to that of the 
Freundlich adsorption isotherm may be regarded as supporting the 
suggestion of Hildebrand (‘‘ Solubility ’”’) that the solution of one 
liquid in another is an extreme case of adsorption. It has already 
been shown (loc. cit.) that if the anions are placed in the order ot 
their effectiveness in raising the C.S.T., the series is almost identical 


* For salis which lower the C.S.T., 7.e., are soluble in both phases, the 
same equation applies, with a different value for 6. A 
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with the Hofmeister series for the coagulation of neutral egg- 
‘albumin. This further supports the view that the former pheno- 
-menon may be associated with adsorption. 


East LONDON COLLEGE, 
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CCCLII.—Studies of Equilibrium in Systems of the 
Type Al,(SO,),-M’SO,-H,O0. Part II. Aluminium 
Sulphate—Nickel Sulphate-Water at 30°. 


By Rosert Martin Caven and Tuomas Corierr MrrcHeELt. 


As events have arisen which will prevent the continuance of this 
work by one of the authors, it has been decided to publish the results 
obtained to date. The present contribution is a continuation of 
work already reported (this vol., p. 527). 

The equilibrium mixtures were obtained in a manner similar 
to that used in the preparation of those for the manganese 
system. 

Weighed amounts of the solutions and moist solid phases were 
then made into solutions measuring known volumes, from which 
aliquot portions were removed for analysis. 

Nickel was estimated with potassium cyanide, with silver iodide 
as indicator (Moore’s method), and aluminium was calculated after 
determination of the total sulphate. 

During the estimation of nickel, aluminium was kept in solution 
by dissolving in ammonia the precipitate formed by addition of 
sodium pyrophosphate to the mixture (vide Sutton’s ‘* Volumetric 
Analysis,’ 1924, p. 278). 

At first some difficulty was experienced, the tendency for false 
end-points to occur (see Sutton) followed by development of 
opalescence on standing being decidedly troublesome. The follow- 

ing procedure, however, proved extremely satisfactory and enabled 
trustworthy results to be obtained quickly and with regularity. 

To an aliquot portion of the mixed solution sodium pyrophos- 
phate was added until the precipitate first formed began to redis- 
solve. The precipitate was then completely dissolved by the 
addition of excess of ammonia; the resultant solution was diluted 
to working volume, and the ammonia almost neutralised with 
dilute sulphuric acid, leaving the solution faintly ammoniacal. 
‘The titration was then carried out in the usual way. : 

The quantities in the table are expressed as g. per 100 g. of 
solution (for the solutions) or of moist solid (for the rests). 


= 
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Solutions. Rests. 

VOTE REG AG RAR MATAR APR TT TMT 0 aS S dS OREN TOITORT GC eA a ENDER EMEC GGA 

Al,(SO,)3. NiSO,. H,O. Al,(SO,)3. NiSO,  H,O. Solid phase. 
28-86 Nil 71-14 — Oo — Aluminium sulphate. 
25-87 4:74 69-39 48-71 0-82 50:47 re f 
21:95 10-87 67-18 49-81 0-51 49-68 5 os 
21°30 12:91 65-79 29-99 9-91 ' 60-10 5 a 
20-79 13-29 65-92 4-03 55-40 40-57 Nickel sulphate. 
15-29 17-53 67°18 3°01 52-17 44-82 7 » 
8-70 22:56 68-74 0-35 55:89 43-76 ee 3 
7:34 23-58 69-08 1-13 52-70 46-17 - - 
5-29 26:03 68-68 0-45 57:65 41-90 a9 of 
Nil 30-77. 69-23 — mo — bs any 


* This solid phase was separated very near to the triple point and appears 
to contain some nickel as well as aluminium sulphate. 


Conclusion.—There is no evidence of double salt formation 
between aluminium sulphate and nickel sulphate in solution at 30°. 


The authors desire to express their thanks to the Governors 
of the Royal Technical College for assistance that has enabled one 
of them (T. C. M.) to participate in this research. 
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CCCLIIL—The System Silver Sulphate-Aluminium 
Sulphate-Water at 30°. ) 


By Rospert Martin Caven and Tuomas Cortetr MircHeEtu. 


THE present communication deals with an attempt to settle the 
question of the existence of silver alum. 

Previous investigators are not in agreement; for whilst Kern 
(Chem. News, 1875, 31, 209) claims to have made typical crystals 
of silver alum, Ag,SO,,Al,(SO,)3,24H,O, by evaporation of a mixed 
solution of the component salts, and Church and Northcote (2bid., 
1864, 9, 155) describe its preparation by heating a mixture of silver 
sulphate, aluminium sulphate, and water in a sealed tube until all 
the silver salt dissolved, Wilkie, in this laboratory, has repeated 
both methods -without success. 

Two methods were employed in making up the equilibrium 
mixtures. In the first, recrystallised silver sulphate was stirred 
continuously for several days with a solution of aluminium sulphate 
in a thermostat at 30° + 0-1°. 

The second method consisted in evaporating isothermally, with 
the aid of a current of filtered air, a mixed solution of the con- 
stituents. The mixture was stirred while evaporation was going 
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on, and for 2 days after a sufficient quantity of solid phase had 
accumulated. | 

_ The solution and solid phases were separated in the usual way, 
weighed, made up to known volumes, and aliquot portions taken 
for analysis. 

Silver could not be estimated by simple precipitation of the 
chloride, as it was found that silver chloride dissolved in aluminium 
chloride solution on heating—indeed, if hydrochloric acid was 
used to precipitate the silver, considerable quantities of silver 
chloride could be dissolved. It is hoped later to investigate this 
phenomenon; meantime attention is directed to the great tendency 
to form double salts in the anhydrous state exhibited by aluminium 
chloride and described by Baud (Compt. rend., 1901, 133, 869; 
Ann. Chim. Phys., 1904, 1, 8) and Kendall, Crittenden, and Miller 
(J. Amer. Chem. Soc., 1923, 45, 963). 

Silver was estimated by electrolysis of the double cyanide solution 
as recommended in text-books on electro-analysis. The aluminium 
was subsequently estimated by precipitation as hydroxide aiter 
the destruction of the cyanide by heating with sulphuric acid. 


Mols. Ag,SO, per Mols. Al,(SO,)3 per 


1000 g. H,O. 1000 g. H,O Solid phase. 

0-0285 Nil Ag,SO, 

0:0292 0:0777 #4 

0-0304 0:1449 i 

0-0306 0-3026 ie 

0-0306 0-5114 ne 

0-0308 0-8153 - 

0:0310 0-9210 A 

0:0314 1-276 Ag,SO, + Al,(SO,);,18H,O 

Nil 1-187 Al,(SO,)3,18H,0 


The continuous increase in the solubility of silver sulphate was 
most marked, but seems in no way extraordinary in view of the 
results for the systems silver sulphate—potassium sulphate, silver 
sulphate-ammonium sulphate, and silver sulphate-sodium sulphate 
recorded by Barre (Ann. Chim., 1911, 24, 149, 202, 210; Compt. 
rend., 1910, 150, 1323). Ephraim and Wagner (Ber., 1917, 50, 
1103) found as the result of a single determination, that silver 
sulphate was more soluble in aluminium sulphate solution than in 
water. 

Conclusion.—From the results obtained it is evident that silver 
sulphate and aluminium sulphate do not form a crystalline alum 
from mixtures of their solutions at 30°. 


Tur RoyaL TECHNICAL COLLEGE, 
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CCCLIV.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XX VII, 
The Optical Properties of n-Alkyl p- -Toluene- 
sulphinates. 


By Henry PHIciires. 


OPTICALLY active n-alkyl p-toluenesulphinates can be prepared by 
methods described in this communication. This discovery is 
difficult to reconcile with the formula RO-S(:O):C,H,, by which 
the constitution of these esters is indicated by the classical theories 


of valency. It will be suggested that the formula RO-S(-0)-C,H,, 
assigned to these esters by the later electronic theories of valency 
iS more in agreement with the new results. It will then be deduced, 
from a consideration of the known constitutions of other optically 
active compounds, that the newly discovered asymmetric complex 
is associated with an atom, in this instance a sulphur atom, bearing 
a positive charge and in combination with three different groups or 
atoms. It will be pointed out that this deduction has a bearing 
on the phenomenon of complex rotatory dispersion exhibited 
by the esters of carboxylic acids derived from optically active 
secondary alcohols. 

The asymmetric sulphinic ester molecule has also been shown 
to possess a certain mobility, since p-toluenesulphinic esters of 
(-8-octanol and of /-menthol which contain the p-toluenesulphinoxy- 
radical in an optically active state exhibit marked mutarotation. 

Evidence is also given that, when an ester of p- ee. 


++ 
acid undergoes alkyloxy-interchange, Onn be —>0- eee H,? the 
7H | 


optically active ester produced has the oppose Lomaitation to 
that of the original ester. The system, newly discovered to be 
asymmetric, thus appears capable of undergoing a reaction which 
is an analcgue of the Walden i inversion in optically active carbon 
compounds. 

Lhe asymmetric character of the p-toluenesulphinic ester mole- 
cule is destroyed on oxidation, and the chemical character of the 
p-toluenesulphonic ester produced differs considerably from that 
of the parent ester. This difference is illustrated by a description 
of certain reactions of the y-toluenesulphonic esters of J-8-octanol 
and of l-menthol which lead to the formation of esters of d-8-octanol 
and of d-neomenthol, respectively. 
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Preparation and General Properties of p-Toluenesulphinic Esters. 


The literature dealing with the preparation of esters of the 
aromatic sulphinic acids is confined to a few papers by Otto and 
Rossing (Ber., 1885, 18, 2439; 1886, 19, 1224); these authors 
prepared their esters by the interaction of the sodium salts.of the 
acids with the chlorocarbonates of the alcohols. Owing to im- 
purities arising through the occurrence of side reactions, the esters 
could not be distilled and possibly methyl 6-naphthalenesulphinate 
(Ber., 1892, 25, 230), which is a solid, is the only pure ester of a 
sulphinic acid which has hitherto been described. 

The p-toluenesulphinic esters used in this investigation were 
prepared by the direct action of p-toluenesulphinyl chloride on the 
alcohols, potassium carbonate or pyridine being used to remove the 
hydrogen chloride eliminated. /-Menthyl and 1[-8-octyl »-toluene- 
sulphinates were also prepared by the displacement of the ethoxy- 
group of ethyl p-toluenesulphinate by warming that ester with the 
alcohols under reduced pressure. The p-toluenesulphinates of the 
lower aliphatic alcohols and of I-8-octanol were obtained as colour- 
less liquids which did not crystallise when cooled by liquid air. 
The crude esters can be distilled at very low pressures, but show 
some tendency to decompose. On redistillation, this tendency is 
less marked, but is regained when the redistilled ester is kept in a 
closed glass vessel for several days. When exposed to moist air, they 
are oxidised slowly and are partly hydrolysed, depositing crystals of 
p-toluenesulphinic acid. (They can, however, be readily oxidised 
to the corresponding sulphonates by potassittm permanganate. / 


The Preparation of the n-Alkyl Esters of p-Toluenesulphinic Acid in 
an Optically Active State. 


The method adopted was to heat gently a mixture of two mole- 
cular proportions of the optically inactive n-alkyl ester with one 
of 1-6-octanol, under reduced pressure; the mixture of a levo- 
rotatory n-alkyl p-toluenesulphinate and a levorotatory (-octyl 
p-toluenesulphinate produced could be separated by systematic 
fractional distillation at very low pressures. In this manner, using 
optically inactive ethyl -toluenesulphinate with nj) 1-5309, 
levorotatory ethyl p-toluenesulphinate was separated with nj 
1-5309 and «2, —6-72°.* As is to be expected, alcoholysis ¢ of 


* In the theoretical part of this paper, all observed rotations are quoted 
for comparative purposes as if obtained in a tube of 1 dem. 

+ Treatment with a solution of potassium acetate in an excess of anhydrous 
ethyl alcohol. The potassium acetate was added in order to contrast its 
behaviour towards ethyl-alcoholic solutions of p-toluene-sulphinic and 
-sulphonic esters. 
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the levorotatory §-octyl p-toluenesulphinate simultaneously 


ae gave dextrototatory ethyl -toluenesulphinate, with 


° 15309 and aii, + 0-92°. 

ar was not found possible by mixing (a) /-8-octanol or (5) levo- 
rotatory B-octyl p-toluenesulphinate with inactive ethyl p-toluene- 
sulphinate to prepare solutions which would imitate in refractive 
index as well as in rotatory power the levorotatory ethyl ester 
described above. Further, this ester on oxidation gave a quanti- 
tative yield of the optically inactive ethyl p-toluenesulphonate.. 

By a similar method to that outlined above, using optically 


inactive n-butyl p-toluenesulphinate with nf 1-5195, a levorotatory | 


n-butyl -toluenesulphinate was isolated with nj 1-5195 and 
a3, — 3°'46°, and by the alcoholysis of a highly levorotatory menthyl | 
D- sys oie Sepa a Corgan ethyl p-toluenesulphinate was | 
obtained with n®’ 1-5309 and o23,, + 16-52°. 

Since the n-alkyl p-toluenesulphinates have thus been obtained 
in optically active forms, p-toluenesulphinyl chloride also may | 
exist in enantiomorphous modifications. 

Some evidence of this was obtained by treating fee oleoulall 
proportions of -toluenesulphinyl chloride with one molecular 
proportion of either /-8-octanol or of /-menthol in solution in pyridine, 
when the resulting mixture apparently contained the excess p-toluene-. 
sulphiny! chloride in an optically active condition; for when such 
mixtures were treated with aniline, »-toluenesulphinanilide was 
obtained with a small levorotatory power. Further, after treat- 


ment of similar mixtures with a solution of ethyl alcohol in pyridine, | 
although in two experiments the ethyl »-toluenesulphinate finally | 


isolated was optically inactive, in a third experiment an impure ethyl 
ester was obtained which was dextrorotatory. 


The Conditions underlying the Asymmetry of an Atom in Combination 


with Three Different Groups or Atoms. 


The discovery that the n-alkyl p-toluenesulphinates can be 
obtained in an optically active state throws a new light on the 
factors which are associated with the occurrence of asymmetry in 
a molecule made up of an atom in combination with three different | 
groups or atoms. Before these factors can be determined it is 


necessary to indicate briefly those concepts of the electronic theory 


of valency, as developed by Sir J. J. Thomson, Lewis, Kossel, 
Langmuir, and others, which are now adopted to derive a con- 
stitutional formula for sulphinic esters more amenable to treatment 


from the point of view of the classical theories of stereochemistry 
than the usually accepted formula, RO-S(:0)-C,H,. They are 
(a) that the chemical Epes of the elements ‘ok ithe first, two 
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short periods of the Periodic Table can be explained by their 
tendency to give up or to share electrons until the arrangement 
and number of electrons in their valency shells attain those existing 
in the inert gases, (b) that the manner of their sharing or taking up 


of electrons is defined by the terms covalency and electrovalency. 


An additional proviso (compare Lowry, T'rans. Faraday Soc., 1923, 
18, 285) is made, that, should one atom contribute both electrons 
to the formation of a duplet by which its union with another atom 
is typified, such an arrangement would give rise to a so-called 
*semipolar ” double bond, or, in other words, a covalency and an 
electrovalency. The centres of combined atoms will, however, 
still be considered to occupy those positions to which they have so 
far been allotted by the classical stereochemical theories, e.g., the 
centres of the atoms united by four covalencies to a carbon atom are 
at the corners of a tetrahedron which circumscribes that atom, but 
the position of the electrons which form the covalencies need not 


_be necessarily situated or fixed on the lines joining the centre of 


the carbon atom to the centres of the other four atoms. 
In the “ electronic ’’ formula for ethyl p-toluenesulphinate given 


_ below, it is desired to direct particular attention to the valency 
electrons of the sulphur atom and they are therefore represented as 


crosses. Electrons in the completed outer shell of this atom which 
are contributed by the atoms with which it is united are signified 


_ by the conventional dot, as is also that particular sulphur electron 
_ which virtually acts as an oxygen electron on the formation of the 


*‘ semipolar ”’ double bond. 


O-C,H; _ OCH; 
Ges sae orp OTS -- 
C,H, C,H, 


Experimental evidence was lacking for the postulated existence of 
a covalency and an electrovalency between the sulphur and sulphoxyl 
oxygen atoms, but has been obtained in the following manner. 

Sugden (J., 1924, 125, 1177), using the relation between surface 
tension and density discovered by Macleod (T'rans. Faraday Soc., 
1923, 10, 36), makes a comparison of the molecular volumes of 
liquids at temperatures at which they have the same surface tension ; 
such molecular volumes, or parachors, P, being defined by the 
equation P = M/D.y"4, in which the symbols have their usual 
significance. 

The parachors of elements can be deduced from molecular 
parachors, on which the effect of unsaturation is great; thus the 


double bond between carbon and carbon, oxygen and carbon, or 
4 Q*2 
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nitrogen and oxygen has the value 23-2. More recently, Sugden, 
Reed, and Wilkins (this vol., p. 1525) have shown that, in a series 
of compounds the accepted formule of which contain double 


bonds which on the formulation of Lowry (loc. cit.) would be | 


more accurately represented by a covalency and an electrovalency, 


the parachor of such linkings is —1-6. P for a “ semipolar ” double 


bond is therefore —1-6. 

Dr. Sugden kindly undertook the determination of the parachor 
of ethyl p-toluenesulphinate with ni 1-5309, d? 1-114. His deter- 
minations are recorded in Table III (p. 2570). The observed 
parachor, 410-3, agrees very closely with the parachor of 410-7 
calculated on the assumption that the bond between the sulphur and 


sulphoxyl oxygen atom is “semipolar”; if it were a non-polar | 


double bond the calculated parachor would be 435-5. 
Having thus rendered very probable the existence of a 


‘ 


* semi- 


polar ’’ bond in the formula of the ester given above, an attempt can — 
now be made to pick out the essential conditions underlying the | 


asymmetry of the sulphur atom it contains. This can best be done 
by setting out these supposed essential conditions and adding to 
or subtracting from their number those conditions which a study 
of other known asymmetric systems indicates are wanting or 
unnecessary. 

As a preliminary hypothesis, the following could be adopted— 
that the sulphur atom is asymmetric since it has three different 
groups attached to it, and possesses a “‘ lone pair ”’ of electrons which 
renders the system analogous to that by which an asymmetric 
carbon atom is surrounded. If this be true, then the optical activity 
shown by the d-methylethylthetine d-camphorsulphonate (I) of 


Pope and Peachey (J., 1900, 77, 1072) may be partly due to the 


Same Cause. 


CH, | 
The structural resemblance between the positive ion of this salt 
and ethyl p-toluenesulphinate is striking. The above formulation 


also explains why the d-camphorsulphonoxy-ion can be readily 
replaced by others without the racemisation which so often accom-_ 


panies the replacement of groups attached to an asymmetric carbon 


atom. This activity of the positive methylethylthetine ion not only 


agrees with the preliminary hypothesis, it also sanctions the dismissal _ 


of a further possible condition of asymmetry—namely—that one 
of the three groups attached to the central atom should carry a 
negative charge. This simplification is necessary in order that the 
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lack of asymmetry of tervalent nitrogen can be considered. Ter- 
valent nitrogen, indeed, satisfies all the conditions laid down in the 
preliminary hypothesis, and yet all attempts to resolve substituted 


-ammonias or unsymmetrical hydrazines (II) have been unsuccess- 


ful (Reychler, Bull. Soc. chim., 1902, 27, 979; Jones and Millington, 
Proc: Camb. Phil. Soc., 1904, 12, 489). 

The failure, in spite of numerous attempts during the last thirty 
years, to accomplish the resolution of a compound the asymmetry 
of which could be associated with a tervalent nitrogen atom, has 
led Meisenheimer (Ber., 1923, 56, 1353) to the conclusion that such 
an atom cannot give rise to an asymmetric molecule. 

To bring the preliminary hypothesis into line with Meisenheimer’s 
conclusion, it can be amended as follows—a sulphur atom, or any 


other atom, is asymmetric when it is attached to three dissimilar 
groups, is in possession of a lone pair of electrons, and carries a 
positive charge (or alternatively has lost an electron). If such a 


system be represented graphically in three-dimensional space on the 


~ lines of the classical theory of van ’t Hoff (IIT), it becomes apparent 


that the amended hypothesis may contain one unnecessary condition, 
namely, the possession by the atom of a lone pair of electrons. 


i A + 
xX NN 
R, * NX (II.) /| at (III.) yf ¢ (VIL) 
R miles Sey ia i ce 
2 RG | Tas 
R 2 


For if it remained a necessary condition, a consideration of 
demonstrated asymmetry associated with quadrivalent systems 
indicates that the presence or absence of a positive charge is im- 


material. 
. R, i sl 
| | + - 
(IV.) ae Gels eral nen BN 0-S0,°C 19H 1,0 (V.) 
Ry por OED, 
i; C,H; 
a -— 
C,H,;-CH;,—N—CH, 0-S0,°C1)H,,;0 (VI.) 
CH,°CH:CH, 


The asymmetry of the carbon atom in (IV) and of the methyl- 


~ ethylaniline oxonium ion (V), shown to exist in optically active forms 


by Meisenheimer (Ber., 1908, 41, 3966; 1909, 42, 303; Annalen, 1911, 
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385, 117) and formulated as above by Lowry (Trans. Faraday Soc., 
1923, 19, 488), supports this contention, as also does that of the 
«-phenylbenzylallylmethylammonium ion (VI) discovered by Pope 


and Peachey (J., 1899, 75, 1127). From these considerations it | 


therefore appears that the possession of a lone pair of electrons is 
In no way associated with the asymmetry under discussion, but 


that when a tercovalent atom is asymmetric, it must carry a. 


positive charge. 
Since the presence of this pantie charge appears to be essential, 
the tercovalent atom cannot occupy the centre of the asymmetric 


system. It must be ex-centric; otherwise its presence would be — 


immaterial, as is made obvious by a survey of compounds con- 
taining asymmetric quadricovalent atoms. 


The hypothesis finally decided upon is therefore—that an atom | 


can be asymmetric if it is attached to three dissimilar groups and 
carries a positive charge, i.e., has lost an electron. Such an atom 
could be considered as occupying the apex of a tetrahedron, at the 
other three corners of which lie the three dissimilar groups (VII). 
Essentially then, the hypothesis advanced is that of van ’t Hoff 
(1878) when speculating on the stereochemical possibilities of 
nitrogen compounds in his ‘‘ Ansichten iiber die organische Chemie,” 
with the added proviso that the atom should bear a positive charge. 
Werner also (“ Lehrbuch der Stereochemie,’’ 1904, p. 317) has drawn 
a sharp distinction between the asymmetry of quadrivalent carbon 
compounds and that of the sulphur compounds of Pope and Peachey 


Ry 
and Smiles. Werner considered that the system MCR, was 
Ry 
asymmetric, the four atoms being at the corners of a tetrahedron, 
and that in the asymmetric sulphur (or selenium) compound the 
fourth group was co-ordinated with the sulphur atom. 


Neen 


| 


oar Cae Se 


SS 


The deduction that the tercovalent atom should be peated 


charged is of great interest, since it indicates that one valency | 
electron (or possibly two) in the molecule is subjected to influences | 


which may leave its companions unaffected. This might give rise 
to dissymmetry of the orbits or vibrational frequencies amongst the 
electrons of the molecule, assumptions which have been employed 
by physicists in theoretical studies of optical activity. 


A Possible Cause of the Complex Rotatory Dispersion exhibited by 
Esters derived from Optically Active Secondary. Alcohols and the 
n-Aliphatic Carboxylic Acids. 


In Part V (J., 1914, 105, 830) et seg. of these investigations it was 


suggested that the complex rotatory dispersion exhibited by the 


————E—— — 


| 
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carboxylic esters of optically active secondary alcohols was due to 
the existence within the apparently homogeneous ester of two 
isodynamic forms possessing rotatory powers of opposite sign and 
different rotatory dispersive powers. As a preliminary hypothesis, 
the two isodynamic forms were written | 
| O O 
ROO =< RCH 
NOR, NOR, 


being based on an alternative formula, “<M, for the carboxyl 


_ group suggested by Smedley (J., 1909, 95, 931). 


Written as above, it is difficult to imagine why the isodynamic 


forms of the ester should have different signs of rotation, this being 
considered essential to account for the success with which the 


rotatory dispersion curves of these esters can be reproduced by 
Drude equations containing two terms of opposite sign. 

If, however, the conclusion drawn in the preceding section is 
correct, an alternative formulation of the isomeric forms of carboxylic 


‘esters is possible which indicates, as in the case of sulphinic esters, 
that an additional centre of asymmetry may be present. For 
example, /-8-octyl acetate could be written 


l. Cl Cis Cal Cis Cl (Hs 1. 
ee = rf a Ce 

a... O7Gt O=¢ FO Oe oy 
CH, | CH, CH, 


Thus the ester itself is to be considered capable of assuming an 
asymmetric structure in which the carbon atom of the carboxyl 
group is in combination with three different groups and is positively 
charged. This new asymmetric centre will, however, show, as far 
as our present ideas would lead us to expect, a fleeting and variable 
rotatory power, since the equilibrium (to which a one-sidedness 18 
imparted under most conditions by the imposition on the molecule 
of that configuration with which the active octyloxy-group desires 
to be associated) could be rapidly readjusted by the addition or 
withdrawal of two oxygen electrons from the valency shell of the 
carbon atom. Such lability of activity is in agreement with the 
failure to detect any lag in the return of the rotatory powers of such 
esters to their original values after the presumed disturbance of the 
equilibrium between the three forms, or their suppression or modi- 
fication, e.g., by heat, solvation, etc. 

The assumed existence of two enantiomorphous forms of a 
carboxylic ester together with a third form which is truly ketonic 


ye 
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receives some support from the observations of Sugden (loc. cit.), 
who finds that some anomaly in the usually accepted constitution of 
these esters is reflected in their parachors. It should be mentioned 
also that Lowry and Walker (Nature, 1924, 113, 565) consider that 
chromophoric groups in asymmetric molecules, such as the ketonie 
group in camphor, exhibit “ induced asymmetry.” Further, Lowry 
and Cutter (this vol., p. 609) suggest that “ the complex dispersion, 
which so often appears on passing from an optically-active alcohol 
to its esters, may be due to the development of a partial rotation of 
opposite sign in the carbonyl radical of the unsymmetrical molecule, 
just.as in the case of camphor.”’ 


The Mutarotation of the p-Toluenesulphinic Esters of 1-8-Octanol and 
of 1-Menthol. 


Lhe mobility of the alkyl y-toluenesulphinates has been studied 
by an investigation of the p-toluenesulphinic esters of J-8-octanol 
and of /-menthol. 

It was found that the /-8-octyl esters of p-toluenesulphinic acid, 
produced by the three methods outlined in a previous section, had 
rotatory powers of different magnitude. This can only be ascribed 
to the influence of the asymmetric acid radical. Thus when 
approximately molecular proportions of the J-aleohol and the 
sulphinyl chloride were allowed to react in ethereal solution and 
potassium carbonate was employed to remove the hydrogen chloride, 
the levorotatory ester isolated had «}” — 22-0°. When pyridine 
was used in place of potassium carbonate, the rotatory power of 
the ester obtained was of the order «2%;, — 6-0°. Further, the ester 
obtained by the displacement of the ethoxy-group of ethyl p-toluene- 
sulphinate had «23,, — 25-0°. my 

When such esters had been twice distilled quickly, they could 
be redistilled slowly without more than traces of decomposition. 
Especially was this true of the ester prepared by the displacement 
. method. It was found that when this ester was slowly redistilled it 
could be separated into fractions with widely different rotatory 
powers, indicating that 1-8-octyl J-p-toluenesulphinate could be 
separated from I-8-octyl d-p-toluenesulphinate by fractional dis- 
tillation at very low pressures. i 

A remarkable fact about such distillations was that, if the ester 
was redistilled slowly and as far as possible completely, its rota- 
tory power increased by «ji;, —2-0°. Indeed, by this means [-8- 
octyl J + dl-p-toluenesulphinate was obtained with oe — 68-14°. 
This result suggests that during redistillation dextrorotatory 
l-8-octyl d-p-toluenesulphinate changes into leevorotatory 1-6-octyl 
l-p-toluenesulphinate. When, however, I-8-octyl 1 + dl-p-toluene- 


=m ee 
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sulphinate was heated under the same low pressures used during 
these fractionations, but at temperatures just below those at which 
distillation occurred, its rotatory power was unaltered at the end 
of 2hours. It is suggested tentatively, therefore, that the observed 
increase in rotatory power during slow distillation is due to the loss 
of a small quantity of dextrorotatory /-8-octyl d-p-toluenesulphinate 
which, having a higher boiling point, predominates in the ester 


moistening the flask at the end of the distillation. The evidence 


obtained from the experiment described, however, is not conclusive, 
since the ester did not pass through the vapour state before its 
rotatory power was redetermined. 

On fractional distillation of a levorotatory $-octyl p-toluenesul- 
phinate, with «2, — 5-86°, prepared directly from [-8-octanol by its 
interaction with p-toluenesulphinyl chloride in presence of pyridine, 
the extreme fractions had «2%, — 23-30° and «2, + 15-28°, respec- 
tively, the dextrorotatory ester doubtless being 1-8-octyl d-+-dl-p- 


- toluenesulphinate. 


The interconvertibility of 1-8-octyl d-p-toluenesulphinate and 
1-8-octyl J-p-toluenesulphinate with rotations of opposite sign is 
suggested by the results of the distillations and rendered more prob- 
able by the marked mutarotation which the esters displayed. Indeed 
all specimens on keeping, even that with asi, + 15-28", eventually 
reached a constant value of approximately «33;, — 19-0°. 

In Table I are recorded the changes in rotatory power with time 
of (A) an ester prepared from /-8-octanol and the sulphinyl chloride 
in presence of pyridine, and (B) an ester obtained by the displace- 
ment of the ethoxy-group of ethyl p-toluenesulphinate. 


Tapie I. 


Mutarotation of Levorotatory p-Toluenesulphinates of 1-8-Octanol. 


A B 
Time in ? ae Time in ae a 

hours. a5803- a5i61- a.4350- hours. = a5a93- O5461- a4350- 

es —5°98° —7-56° —12-16° ; ae) ne B11 GOB — 
91 6-46 7°74 12-93 96 20:98 —24-92° —45-68° 
236 7-86 9-28 15-82 221 20-46 24°38 43-70 
405 11-94 14-20 25-42 341 19-88 24-30 43-42 
570 15-58 18-24 33°04 530 18-62 22-34 40-22 
666 16-38 19-28 33°84 676 17-82 21-44 38°88 
787 16-36 19-36 35-84 839 16-82 20-44 36-96 
912 16-06 19-60 35:36 1031 16-42 19-72 35°50 
1121 16-08 19-54 35-50 1222 16:06 19-68 35°42 
1433 16-04 19-66 35-20 1541 16-08 19-62 35-14 


4 25° 
* a5393 NOt asags- 


The curves obtained by plotting the above data are of a complex 
character and do not agree with a monomolecular law. They have 
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. 
; 


not so far been submitted to mathematical analysis, since it is not — 


yet known how far they represent only mutarotation (i.e., inter- 


conversion of the dextrorotatory and levorotatory forms of the ester) _ 
as distinct from hydrolysis, oxidation by contact with the air, and — 


decomposition or polymerisation of the possible intermediate form 


or forms, during the prolonged period the esters were under observa- 


tion. Such doubts have arisen because, on attempted redistillation 
of esters the rotatory powers of which have reached the equilibrium 
value, small quantities of 8-octanol can be recovered prior to the 
obvious decomposition which generally ensues. 

That oxidation alone could account for the observed mutarotation 
is a view which can be dismissed, as the rotatory power of the 


sulphonic ester (the most likely oxidation product) is but half that 


of the equilibrium mixture. Considerable experimental evidence 
in support of the view that some interconversion of the dextro- 
rotatory and levorotatory forms of the ester takes place is supplied 


by the mutarotation data of a dextrorotatory p-toluenesulphinate | 


of [-8-octanol (J-8-octyl d + dl-p-toluenesulphinate) recorded in 
Table IT. 
TaBeE II. 


Mutarotation of a Dextrorotatory p-Toluenesulphinate of 1-8-Octanol. 


Time in 


hours. dikes 30 tinal e one . ne 
a _ +13-34° +15:28° +31-48° 1-5055 
240 8-46 10-38 21-50 1-5052 
408 2-44 3°18 8-14 1-5050 
600 — 10°34 —11-90 — 20:98 1-5048 
744 13°36 16-18 28-68 1-:5047 

911 15:96 19-36 34-56 — 
935 ae os i 15044 
1106 16-28 19-50 35:06 1-5042 
1443 15-84 19-12 34:12 1-503 


The preliminary experiments which have been made with the 
_ p-toluenesulphinyl derivative of /-menthol confirm and emphasise 
the correctness of the above conclusions. The levorotatory 
modification of this ester has beén prepared with a rotatory power 
in acetone solution (c = 2-5) of [«]}i¢, — 240°, and the dextrorotatory 
modification with [«];i, + 35°. The dextrorotatory form (J-menthyl 
d + dl-p-toluenesulphinate) was an oil which, after standing in a 
closed glass vessel for 91 days, changed to a crystalline mass of 
l-menthyl J + dl-p-toluenesulphinate with [«]!7;, — 187-6°. 

The Mechanism of the Mutarotation.—The mechanism of the 
change J-8-octyl d-p-toluenesulphinate == [-8-octyl 1-p-toluene- 
sulphinate is obscure, especially as it proceeds in the absence of 
solvents. This suggests that it is intramolecular in character and 
possibly is due to the valency shells of the atoms which make up 


hie 
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the ester being able to adopt an alternative configuration. This 
might occur by the sulphur atom sharing its “ lone pair ” of electrons 
with the carbon atom through which it is attached to the toluene 
ring. A readjustment of the valencies of that ring would ensue, 
leaving the para-carbon atom with a completed valency shell and 
therefore with a negative charge.* The sulphur atom would 
acquire an additional positive charge. 


Peo ee TOU. O-CH,. ¢, 

1. Os8% + Ouse eet 11% Bist Qhats 
Combet ae Ae) anna C 

HoY \cH HC’ \CH Hoy \cH 

H So Jou HONG ese BONS Jou 
CH, CH, CH, 


Such a mechanism would be impossible in either /-8-octyl 
benzoate + or 1-8-octyl p-toluenesulphonate, in neither of which,. 
nor indeed in any optically active benzoate or sulphonate, has muta- 
rotation been detected. The suggested mechanism would also 
account for the observed racemisation of optically active ethyl 
p-toluenesulphinate. 


The Optical Inversion of p-Toluenesulphinic Esters which contain an 
Asymmetric Sulphur Atom. 


When levorotatory $-octyl p-toluenesulphinate is prepared from 
molecular proportions of ethyl p-toluenesulphinate and 1-8-octanol, 
it has «2%, — 25°. When two molecular proportions of the ethyl ester 
are used and one of J-8-octanol, it has «2%, — 34° and the ethyl 
p-toluenesulphinate remaining is levorotatory. 

Further, the alcoholysis of a levorotatory $-octyl p-toluene- 
sulphinate with «3; — 36° gives a dextrorotatory ethyl p-toluene- 


* The mechanism suggested differs from the tautomerism of phenol, 


CH—CH. 

HO-c¢ NcH = 0=C CH,, which is indicated by the 
\cH=CH’ 
identity of benzoquinonemonoxime and p-nitrosophenol, and for which 
much other chemical evidence is reviewed by Ingold (J., 1922, 121, 1139), 
only in the supposed absence of a mobile hydrogen atom. Its validity 
could of course be tested by an investigation of esters of alkyl-sulphinic acids 
when suitable methods have been found for the preparation of these compounds 

in a state of purity. 

+ The possibility that /-B-octyl benzoate does show slow mutarotation or 
that it can exist in two relatively stable modifications of opposite rotatory 
power isremote. Widely different methods have been used in this laboratory 
for its preparation, and it has been fractionally distilled without marked 
alteration in its rotatory power, which rapidly reached a constant value. 
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sulphinate and /-8-octanol. These two products apparently react 
to some extent while being separated by fractional distillation, 
giving a small quantity of a levorotatory B-octyl p-toluenesulphinate 
with «3%, — 62°. | 

A consideration of these results led to the conclusion that if 
dextrorotatory ethyl p-toluenesulphinate has the “ d ” configuration, 
then [-$-octyl d-p-toluenesulphinate has a higher levorotatory 
power than [-8-octyl J-p-toluenesulphinate. It was felt that this 
conclusion was incorrect and that what really occurred was that 
i-8-octanol reacted with ethyl d-p-toluenesulphinate and produced 
l-8-octyl 1-p-toluenesulphinate, i.e., during the displacement of the 
ethoxy-group the configuration of the ester molecule was reversed. 

To prove this contention a series of reactions was carried out 
with the following results : 
i-8-Octanol (1 mol.) : Ethyl l-p-Toluene- heated with m-Butyl d-p-Toluene- 


(a22’ —8-06°) ser sulphinate with -——O_-5  gulphinate with 


2° __&.Q90 -butyl 20° 639° 
Oe Tress n-butyl alcohol az +0°32°. 


~- 


& 
*Teaye. 


n-Alkyl p-Toluene- n-Butyl] l-p-Toluene- 
sulphinate (2 mols.) sulphinate with 
(A, ethyl; B, n-butyl) a2" —3-46°, 


5461 


Thus, when [-8-octanol is heated with two molecular proportions | 


of either ethyl or n-butyl p-toluenesulphinate, a levorotatory 
normal ester is left in each case. The configuration of levorotatory 
ethyl p-toluenesulphinate is therefore the same as that of levorota- 
tory »-butyl p-toluenesulphinate. The reaction between n-butyl 
alcohol and levorotatory ethyl p-toluenesulphinate produces 
dextrorotatory n-butyl p-toluenesulphinate. Whilst considerable 


racemisation, due to the interaction or possibly to mutarotation; — 


has taken place, yet it is clear that these reactions are also 
accompanied by inversion of configuration. 


A Comparison between the p-Toluenesulphinic and the p-Toluene- 
sulphonic Esters of 1-8-Octanol and of 1-Menthol. 


In the same way that optically active ethyl p-toluenesulphinate | 


when oxidised yields optically inactive ethyl p-toluenesulphonate, 
the oxidation of l-menthyl/-+-dl-p-toluenesulphinate and of l-menthyl 


d + dl-p-toluenesulphinate yields the same J-menthyl p-toluene- 
sulphonate. Similarly, the oxidation of -octyl esters of p-toluene- — 
sulphinic acid with widely different rotatory powers yields the same — 


[-8-octyl p-toluenesulphonate. 


The asymmetric character of the p-toluenesulphinic esters does 


not appear, therefore, to be retained by those of p-toluenesulphonic 
acid. 
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There exists also a wide difference between the chemical charac- 
teristics of the two series of esters, attributable to the loss by the 
sulphur atom of the sulphinoxy-group of its unsaturated character 
when that group is converted into the sulphonoxy-group. For, 
when the sulphinic esters are refluxed with an ethyl-alcoholic 
solution of potassium acetate, they do not enter into reaction with 
the salt but, as described in the previous section, undergo alcoholysis 
(VIII). The sulphonic esters, however, under the same experi- 
mental conditions, react readily, not only with the ethyl alcohol to a 
‘small extent, but also to a larger extent with the potassium acetate 

(IX). 


A RAO-SO,°C,H 
(VIIL.) Beat! Ce Hy fue a 
OEt . CH,CO, | K 


The mode of decomposition of sulphinic esters indicated in (VIII) 
suggests that the four bonds of the carbon atom in the group RO 
would remain undisturbed, and hence any optically active alcohol 
regained by alcoholysis should be unchanged in sign or magnitude 
of rotatory power. In a reaction of a sulphonic ester such as is 
indicated in (IX) the bonds of the asymmetric carbon atom are 
disturbed and the asymmetric complex, of which the group R 
forms a part, would be likely to be inverted in configuration * or to 
suffer loss of rotatory power. These deductions are in agreement 
_ with the experimental results described below, obtained with (a) the 
1-8-octyl esters and (b) the l-menthyl esters of p-toluenesulphinic 
and of p-toluenesulphonic acids. 

(a) The 1-8-Octyl Esters. The Optical Inversion of 1-8-Octanol.— 
The following series of reactions was carried out : 


f C.H H 6, 8001 C.H H K0,0-CH: CH JH 
OH? CS > OX 6.50.C,H; +noH CH,” OTOH 


OH. CH, H, +x:0H CH, 
ai’ —8-04° (X.) ais" —9-64° (XI.) a%* —§8-02° (XIL.) 
: | coxvcon0 | Oxidation 
; 
C,H bh. wi OgHy. ist ES) Siiers. 
. tH??C<0.c0-cH, CH CS0-80,-C7H, Gaon” 
—6-09°.F | als —§-78° (XIII.) | 
Ba Collis >c eC Og s | 


3 
al” 4+5-64° (XIV.) 


* The complete inversion of optically active benzylmethylearbinol (Part 
XVII, J., 1923, 128, 44) and of dextrorotatory ethyl lactate (Part XXIV, 
this vol., p. 399) have been effected by the aid of, such reactions. 

+ Part V, J., 1914, 105, 830. 
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[-8-Octanol (X) was converted into its p-toluenesulphinic ester by 
the requisite sulphinyl chloride in presence of pyridine, and since 
the reaction can be assumed to consist solely in the replacement of 
the hydrogen atom of the hydroxyl group of the J-alcohol by the 
p-toluenesulphinyl group, the valencies of the asymmetric carbon 
atom remain undisturbed and therefore the asymmetric carbon 
complex in the sulphinic ester (XI) has the same configuration as 
that of its parent alcohol. 

When heated under reflux with an alcoholic solution of potassium 
acetate, the sulphinate (XI) was decomposed and J-8-octanol (XII), 
unchanged in rotatory power, was regenerated. The oxidation of 
the sulphinate to the sulphonate * (XIII) involves the addition 


of an oxygen atom to the sulphur atom and is unlikely to cause’ 
configurative change of the asymmetric carbon complex in the 
molecule. The /-sulphonate when treated in a similar manner to 
the /-sulphinate gave d-B-octyl acetate (XIV) with almost complete . 


inversion of configuration. This is evident, since J-8-octanol, when 
treated with acetic anhydride, gives 1-8-octyl acetate a!” — 6-09°, 


from which by hydrolysis 1-8-octanol can be regained unchanged 


in rotatory power. 


These results have been confirmed by means of d-f-octyl 
p-toluenesulphonate and an ethyl-alcoholic solution of potassium. 
benzoate, interaction of which led to the formation of 1-8-octyl | 


benzoate, «jf — 28-7°, which gave on hydrolysis J-8-octanol, 02” 


— 6-96° ; and [-8-octyl ethyl ether, «33 — 14-08° as compared with aj}* 
‘+ 15-38", the magnitude and sign of rotatory power of the ethyl 


ether prepared directly from d-8-octanol. 


(b) The 1-Menthyl Esters. The Conversion of 1-Menthol into 


d-neoMenthol—When a highly levorotatory menthyl p-toluene- 
sulphinate was heated under reflux with an alcoholic solution of 
potassium acetate, the /-menthol regenerated was optically pure. 
The l-menthyl p-toluenesulphonate required was prepared by 
the interaction of molecular proportions of /-menthol and p-toluene- 
sulphonyl chloride in presence of pyridine, a mode of preparation 
which ensured that the J-menthyl complex would retain the con- 
figuration of the parent /-menthol. It reacted readily with salts of 
carboxylic acids in ethyl-alcoholic solution, but by far the greater 
part of the product was a menthene. Of the large number of 
experiments performed, only two gave decisive evidence of the 
formation of an ester of d-neomenthol, namely, the interaction of 
the sulphonic ester with glacial acetic acid and with ammonium 


* It was found that J-8-octyl p-toluenesulphonate cannot readily be pre- | 
pared by the direct interaction of the p-toluenesulphonyl chloride and the 


l-alcohol in presence of pyridine. 
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acetate. With acetic acid, a mixture of menthols with «° — 28-94° 
was obtained, the hydrogen phthalic esters of which on recrystallis- 
ation gave an ester with [«]p + 14-60°, which was therefore mainly 
d-neomenthyl hydrogen phthalate (compare Pickard and Little- 
bury, J., 1912, 101, 109). The recovered menthols on oxidation 
gave as the sole product an optically pure l-menthone with [«]}” 
__ 24.28°. When ammonium acetate was used, the mixture of 
menthols eventually isolated had «jj + 10-0°. 

This conversion of J-menthol into d-neomenthol is not strictly 
a Walden inversion, since the chemical reactivities of these two 
alcohols are not identical and, moreover, they are not optical 
isomerides. They are geometric isomerides in which the hydrogen 
atom and the hydroxyl group are attached to an asymmetric carbon 
atom, the relationship between them being indicated by the following 
formule : 


H, H CH, H 
PAs CHa | i As CB I 
eal x t/ 
le cH,—-" | | \cH,——0 I 

H HMe, EE OH HMe, 


The Bearing on the Theory of the Walden Inversion of the Phenomena 
encountered during the Investigation. 


R 
The possible free existence of the system + OCR, in an optically 
R 


active state is a deduction of particular interest from the point of 
view of the Walden inversion. After the experiments of Senter (J., 
1910, 97, 362) had shown that the reaction between halogen- 
substituted carboxylic acids and silver salts took place between the 
acid anion and the silver kation, Biilmann (Annalen, 1913, 388, 338) 
tacitly assumed the free existence of such a system, formulating the 
hydroxylation of «-bromopropionic acid as follows : 


CH, lst CH, 
| Agt | + OH 

H—C—Br —> AgBr+/H—C PRIA § facey mons, Yk 
0-0 C0-0_ CO-0 


Whilst such a representation of this reaction cannot be advocated > 
at present, it appears possible that the formation of an asymmetric 
system associated with a tercovalent carbon atom bearing a positive 
charge is connected with the phenomenon of the Walden inversion. 
On the current ideas of the electronic theory of valency and those 
of the classical theories of stereochemistry, it would appear that such 
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a system would not be inverted in configuration by its conversion 
into a quadricovalent one through the addition of a negative 
ion. The conclusion seems inevitable, therefore, that if the production 
of such a system represents an intermediate stage in a reaction 
leading to a Walden inversion, it must at the moment of its formation 
adopt the opposite configuration to that of the quadricovalent ayer 
from which it arose. 

It is convenient, in the light of the above observations, to consider 
the inversion of the p-toluenesulphinic esters which occurs during 
alkyloxy-interchange. The fact that 1-8-octanol can be recovered 
unchanged either in sign or magnitude of rotatory power from its 
p-toluenesulphinic esters is strong evidence that during the inversion 
the l-octyloxy-group leaves the molecule. 

At first sight it would appear that a mechanism for the inversion 
could readily be formulated, since the sulphur atom is attached to 
only three groups. The electronic theory of valency, however, 
forbids the addition of a fourth negative group, since that would 
cause a surplus of valency electrons. Since from the theory a fourth 
group cannot form a covalency with the sulphur atom until one of 
the three groups leaves the molecule, the inversion of sulphinic 
esters appears to be strictly analogous to the Walden inversion. 
It is of course possible to formulate an intermediate complex such as, 


but unless some subdivision of valencies occurs, it would appear 
that just as in the case of quadricovalent atoms Biilmann (loc. cit.) 
was forced to assume that their conversion into tercovalent atoms 
did not entail loss of asymmetry, so also it is necessary from the 
above-mentioned considerations to assume that a sulphinic ester 
can lose its alkyloxy- -group and the residual system can remain 
asymmetric. 

Indeed, a careful consideration of both the Walden inversion 
and the analogous optical inversion of p-toluenesulphinic esters 
indicates that such inversions are intimately connected with the 
withdrawal of a negative group from an asymmetric molecule and in 
particular with the withdrawal of two electrons from the valency shell 
of the atom usually designated as asymmetric. 


EXPERIMENTAL. 


p-Toluenesulphinic acid was prepared by reducing recrystallised 
p-toluenesulphonyl chloride by a strong solution of sodium sulphite 
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(Blomstrand, Ber., 1870, 3, 965), and purified by recrystallising its 
sodium salt from water; the acid obtained from the pure sodium 
salt was partly dried on a porous plate and then completely dried by 
prolonged desiccation over calcium chloride in a vacuum. 
p-Toluenesulphinyl chloride was prepared when required by Hilditch 
and Smiles’ method (Ber., 1908, 41, 4113; Hilditch, J., 1910, 97, 
2585). ‘Thionyl chloride * (1-1 mols.) was dissolved in an equal 
volume of dry ether, and the acid (1 mol.) added gradually with 
agitation. When all the acid had dissolved, the mixture was 
warmed very gently until gases were no longer evolved. The ether 
and the excess thionyl chloride were then removed in a vacuum at 
the ordinary temperature, and the oily residue was dissolved in light 
petroleum. The solution thus obtained was filtered from the small 
quantity of a white solid which was usually precipitated, and sub- 
jected to a vacuum at the ordinary temperature for at least 6 hours; 
the p-toluenesulphiny] chloride then remained as a pale yellow oil. 

This acid chloride was described by Hilditch and Smiles (Joc. cit.) 
as a solid, m. p. 55—58°, but Braun and Kaiser (Ber., 1923, 56, 553) 
were unable to crystallise a specimen which had been distilled. 

Hihyl di-p-Toluenesulphinate—A vigorous evolution of carbon 
dioxide occurred when p-toluenesulphinyl chloride (172 g.) in ether 
(100 c.c.) was added to a mixture of ethyl alcohol (69 g.) and ether 
(300 c.c.) covering anhydrous potassium carbonate (207 g.). After 
12 hours, water was added, and the ethereal layer was separated, 
repeatedly washed with water, and dried over potassium carbonate. 
On removal of the ether, 115 g. of crude ethyl dl-p-toluenesulphinate 
were obtained which, when distilled at 0-1 mm., darkened considerably 
but gave a colourless distillate, 95 g., b. p. 99—104°, nz 1-5306, and 
left a black, tarry residue, 12 g., which did not distil at a higher 
temperature and deposited crystals on cooling. 

In order to test the purity and homogeneity of the ethyl dl-p-tolu- 
enesulphinate, it was slowly redistilled at less than 0-1 mm.,} 
and divided into eight fractions. Six of these, of combined weight 
75 g., had n° 1-5309, whilst redistillation of the extreme fractions 

* The thionyl chloride used was water-white in appearance, having been 


successively distilled from quinoline, linseed oil, and beeswax (Meyer and 
Schlegel, Monatsh, 1913, 34, 569). 

7 A Fleuss pump backing a Langmuir mercury-vapour pump was 
employed throughout this research to obtain the pressure given as “less than 
0-1 mm.” As a rough gauge to the low pressures obtained, a discharge tube 
was employed. With the distillation flask cut off from the pumps, a very 
high vacuum could be obtained, but during distillation the actual pressure 
in the distillation flask, and hence the boiling point of the liquid distilled 
was influenced by slight leakages and by the presence of restrictions, e.g., 
taps of narrow bore, in the connexions to the various distillation flasks and 
apparatus used. 
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yielded a further 13-5 g. with the same refractive index. It was 
therefore concluded that ethyl dl-p-toluenesulphinate with n® 1-5309 
was pure and was not a mixture of isomerides of widely different 
chemical constitutions. It had d? 1-114 (Found: .§, 17:3. 
C,H,,0,8 requires S, 17-4%). 

Kthyl dl-p-toluenesulphinate was also prepared by the action at 
— 10° of p-toluenesulphinyl chloride (1 mol.) on ethyl alcohol 
(1 mol.) dissolved in light petroleum (200 c.c.) containing pyridine 
(1 mol.). The action was complete after 2 hours. The solution was 
washed four times with water, twice with dilute hydrochloric acid, 
and again with water, dried with anhydrous potassium carbonate, 
the light petroleum removed, and the product distilled as previously 
described. It left a larger non-volatile residue, but the distillate 
was identical with that previously described. 


The Determination of the Parachor of Ethyl dl-p-Toluenesulphinate 
(communicated by Dr. S. Sugden). 


TasBLe III. 
Pressure, D, 1 Parachor. 
if dyn./cm.?, g./e.c. d. dyn. /cm. 7/4M /D. 
18° 4849 1-120 1:0217 38-48 409-4 
32 4662 1-107 1-0224 37:03 410-3 
49-5 4432 1-091 1:0232 35°23 411-1 


Densities determined: d}?* 1-120, d 1-105, d* 1-090, whence 
d;. = 1-137 — 0:000935t. The surface-tension measurements were 
made in apparatus 4, for which r, = 0-139 cm. and A = 0-007767. 
For the method of calculation, see J., 1922, 124, 858; 1924, 125, 
27; and for the values of the atomic parachors, see J., 1924, 125, 
1180. 

n-Butyl dl-p-toluenesulphinate was prepared by the interaction 
of n-butyl alcohol and p-toluenesulphinyl chloride in ethereal solution 
in presence of potassium carbonate. After two fractionations at a 
low pressure, 80% of the crude ester was obtained with b. p. 90— 
95°/0-1 mm., nj" 1-5195, and d# 1-066 (1-1378 required 0-3005 of 
potassium hydroxide for complete hydrolysis. Theory, 0-3008). - 


The p-Toluenesulphinic Esters of Optically Active 8-Octanol. The 
Methods of Preparation employed and the Mutarotation shown by 
the Esters obtained. 


(a) By the Interaction of 1-8-Octanol and p-Toluenesulphinyl 
Chloride in Ethereal Solution in Presence of Potassium Carbonate.— 
To potassium carbonate (30 g.), covered by a solution of 1-8-octanol 
(xp — 8-10°; 1 = 1-0) (16 g.) in ether (25 c.c.), p-toluenesulphinyl 
chloride (26 g.) in ether (25 c.c.) was added; the mixture was left 
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for 4 days and occasionally stirred. Water was then added, the 
ethereal layer separated, washed with water, and dried over potassium 


carbonate. After removal of the ether, the crude @-octyl p-toluene- 
sulphinate was distilled at less than 0-1 mm. It had b. p. 125—128° 
and ieft a black tarry residue. On redistillation, 6-octyl p-toluene- 
sulphinate (25 g.) was obtained as a colourless oil with nj” 1-5065 


and o®” — 22:16 (}= 1-0). 1:3304 required 0-2780 of potassium 
hydroxide for complete hydrolysis (theory, 0-2784). 


_ Mutarotation. The ester was stored in a glass bottle. Its rotatory 


: power (J = 0-5) became «j}° — 8-28° after 360 hours, oft” — 8-21° after 


792 hours, o!° — 8-01° after 1608 hours, and «7}” — 7-88°, a2,,— 9-75°, 


-@;, — 17-08° after 2376 hours; ni?” 1-5053. 


Reaction with glacial acetic acid. 9-5972 G. of the ester were 


made up to 100 c.c. with glacial acetic acid which had been previously 


distilled from potassium permanganate. The solution was immersed 


in a thermostat at 25-15° and the following determinations of its 


rotatory power were taken at 25° in a 2-dem. tube: 


TABLE LY. 
Time (hours) 0 74. 142 241 335 425 570° 739 
ae Sea cscee's —4-27° —1-03° —0:54 mae (sks Poise (Oe 2OS eno ta On Te  0-2'7° 
= Shae: San 5°23 1-35 0:71 0:50 0-40 0:42 0-35 0-34 
a, ES ARP 9-28 2-26 1-04 0:59 0-52 0-55 0-44 0:53 


After the last reading had been taken, the solution was poured 
into water, and the oil which separated extracted with ether. The 
ethereal extract was washed with water until free from acid and 
then dried over anhydrous sodium sulphate. On removal of the 
ether, the residue was distilled, when it gave a fraction, b. p. 89— 


90°/17 mm. (5 g.), which was J-8-octyl acetate. A black, viscous 


residue remained which decomposed on attempted distillation at a 
pressure less than 0-1 mm. The I-f-octyl acetate was redistilled 


and then had d% 0-8570, aif” — 6-00°, oii’ — 7-14°, values in close 
agreement with those given in Part V (loc. cit.). 


Assuming that the levorotatory 8-octyl p-toluenesulphinate was 
converted completely into I-6-octyl acetate, 6-16 g. of the acetate 
were produced and [«]#” —2-27° would represent its specific rotatory 
power in solution. In Part V (loc. cit.), [«]p° — 3-65° is given for the 
specific rotatory power of [-6-octyl acetate in acetic acid solution 


-(¢ = 5), and hence it is possible that at the end of the experiment the 


solution contained some other optically active ingredient which did 
not contain the @-octyl radical. 

(b) By the Interaction of 1-8-Octanol and p-Toluenesulphinyl 
Chloride in Presence of Pyridine—To a solution of 1[-8-octanol 
(a — 8-06°; 1 = 1-0) (12 g.) in pyridine (10 g.) cooled to — 17°, 
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p-toluenesulphinyl chloride (17 g.) was added gradually so that the 
temperature did not rise above 0°. After 12 hours, the product was 
poured into water, from which the oil which separated was extracted. 
with ether. The ethereal extract was thoroughly washed with water, | 
then with dilute hydrochloric acid, and again with water. It was! 
then dried over potassium carbonate, the ether removed by distill-| 
ation, and the residue, levorotatory f-octyl p-toluenesulphinate, 
distilled at less than 0-1 mm.; 4 g. of /-8-octanol were recovered from 
the crude ester during the distillation, and after the ester itself 
had been distilled a small tarry residue, 0-5 c.c., remained in the| 
flask. The levorotatory 8-octyl »-toluenesulphinate asin i rapid | 
redistillation at less than 0-1 mm. weighed 12 g. and had nj 1-5052) 
(10917 required 0-2294 of potassium hydroxide for cml 
hydrolysis. Theory, 0-2279). 

Mutarotation. The ester, in a glass container, was placed in a 
thermostat at 25-15°, and observations of its rotation in a tube of 
50 mm. at 25° were made at intervals. The rotatory power is 
recorded as for a tube of 100 mm. in Table I (p. 2561). 

After 1435 hours, the ester was dissolved in ether, the solution 
washed with dilute potassium carbonate solution to remove possible, 
traces of acidic substances, and, after drying with anhydrous, 
potassium carbonate, the ester was recovered in the usual manner 
and distilled in a high vacuum. It darkened rapidly and gave a) 
low-boiling fraction which from its odour contained f-octanol. The 
ae bulk of the -ester, however, distilled at 105—110° and had 

° 1.5044, 02%, — 11-64°, 02%, — 14:03°, and a2, — 25-68 (J = 0°5).| 

as black residue TNs would not distil without decomposition) 
remained in the distillation flask. 

(c) By the Displacement of the Hthoxy-group of Kthyl dl-p-Toluene- | 
sulphinate by heating that Ester with 1-8-Octanol—t-B-Octanol (aj 
— 8-04°; 1 = 1-0) (9 g.) and ethyl dl-p-toluenesulphinate (12-7 g.) 
were mixed and heated in a flask maintained at 15 mm. on a steam-. 
bath. After 54 hours, the product was distilled rapidly at less than | 
0-1 mm. Levorotatory B-octyl p-toluenesulphinate (16 g.) was 
obtained, b. p. 122—124°, nj’ 15078, and aj — 21-16° (J = 1-0). 

Mutarotation. The ester was placed in a glass bottle immersed in | 
a thermostat at 25-15°. Determinations of its rotatory power in| 
tubes of 50 mm. were made at intervals at 25° and are recorded as for | 
100 mm. tubes in Table I (p. 2561). | 

After 1540 hours, the ester, the rotatory power of which had 
reached apparently a constant value, was distilled in a high vacuum. 
Three drops of distillate, having an odour resembling that of #- 
octanol, were obtained before the temperature of the vapours leaving 
the distillation flask reached 120°. The ester darkened rapidly, but | 
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‘about half of it was distilled before the residue showed marked 
‘signs of decomposition. This distillate had n° 1-5005; d? 1-000; 
“of, — 13-52°, 2%, — 16-25°, and ais — 30-09° (J = 0-5). 


Mutarotation of the ester in benzene solution. The levorotatory 
ester used was prepared from 1-8-octanol («3° — 8-06°; l= 1-0) as 


previously described in this section. It was redistilled at less than 


0-1 mm. and had b. p. 123—125° and aj’ — 24-72° (1 = 1-0). 


$5294 G. were made up to 100 c.c. with pure benzene which had 

heen distilled from phosphorus pentoxide. The glass flask containing 

‘the solution was placed in a thermostat at 25-15°. The specific 

rotatory powers given below were calculated from the rotatory 
powers observed in a 2-dem. tube at 25°. 


TABLE V. 
‘Time (hours) 0 62 256 431 598 MER) 979110 1078 et 
| ors,  —27-8° —27-6° —27-9° —19-2° —15-6° —13-3° —13-3° —13-4° —13-6° 
| 3am 93.3 32:9 32:6 223 187 15:83 160 15:9 16-0 
[a], 61-1 60:6. .60:1 40:9. 33-3., 28-1 . 28:4 , 29:5 29-0 


After the last recorded determination had been made, the solution 


was placed in contact with anhydrous sodium sulphate for 12 hours. 
The benzene was then removed in a vacuum at the ordinary temper- 


ature. The recovered ester was yellow and had nj 1-5034, Ceeee 
— 7-46°, and «2, — 876° (I = 0:5); values approximating to those 


reached by the homogeneous ester on standing. An attempt was 


made to distil this ester in a high vacuum, but it darkened rapidly 
and decomposed after a few drops of distillate had been obtained. 
The Fractional Distillation of the 1-6-Octyl Esters of p-Toluene- 


 sulphinic Acid —(a) Isolation of 1-6-octyl 1 + dl-p-toluenesulphinate. 


Owing to the unstable nature of the crude p-toluenesulphinic esters, 
revealed during their first distillation, it was the usual practice in 
the early stages of this work to redistil them as rapidly as possible 
and attribute any observed change of boiling point to a change in 
the rate of distillation. Later, however, for reasons which have 
already been given, the distillations subsequent to the first were 
conducted very slowly in small flasks the necks of which were indented 
to ensure more efficient fractionation. 

Levorotatory 8-octyl p-toluenesulphinate (23° 1-009 ; e853 — 12-36"; 
1= 0-5) (18 g.), prepared from ethyl dl-p-toluenesulphinate and 
1-8-octanol (a — 8-06°; 1 = 1-0) by the method of alkyloxy-inter- 
change, was redistilled in this manner and divided during an experi- 
ment lasting 8 hours into four fractions with b. p.’s from 118 to 126° — 
at less than 0-1 mm. Fraction I (6 g.) had «3, — 20-39° (1 = 0-5) 5 
fraction II (6 g.), 2%, — 18-32° (J = 0-5); fraction III (2 g.), 2540 
= 12-51° (1 = 0-5); and fraction IV (2 g.), oy en Bo (= OO): 
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With the exception of fraction IV, these fractions were systematically 


refractionated into fractions (a) 5 g., «3%, — 23-22° (l= 0-5); (6) 
4 g., a5, — 21-99° (1 = 0-5); (c) 3 g., a2, — 16-42° (1 = 0-5); and 
(d) 2 g., «ze: — 8-41° (1 = 0-5). Fractions (a) and (b) were mixed and 
distilled slowly until 6 g. of distillate had been obtained. This 
distillate had o7%;, — 26-81° (1 = 0-5). Fraction (c), after it had been 


distilled slowly and as far as possible completely, had 2%, — 18-24° 


(J = 0-5). It was mixed with fraction (d) and the residue from the 


redistillation of fractions (a) and (b), and the whole was redistilled 
slowly and completely. The distillate had «25:, — 20-01° (1 = .0-5)a 


After two more distillations, its rotatory. power was «2%, — 23-80° 


(1 = 0-5). It was again redistilled and then added to the fraction 


with oasis; — 26-81° (J = 0-5) (obtained as previously described by the 
fractionation of fractions a and b. The mixture was distilled three 
times; at the very low pressure used during the last redistillation, 
it had b. p. 94—102°, and the distillate «2%, — 30-6°, «2%, — 57-75° 
(1 = 0-5). The increase in the rotatory power of the ester when 


slowly and as far as possible completely redistilled continued, for 


after it had been redistilled three times it had «2%, — 28-24°, of 
— 34:07°, and «i, — 63-89° (1 = 0-5). It was then divided into 
two portions by a slow distillation. The distillate, b. p. 98—102°, 
had nj 1-5051 and «2%, — 41-52°, «2%, — 78-20°; the residual ester 
in the flask had «i, — 25-82° and «2%, — 48-07° (1 = 0-5). 

The residual ester was heated for 2 hours at 125—130° under the 
pressure at which the distillations described above were performed. 
Care was taken that no distillation occurred. The rotatory power 
of the residual ester, now slightly charred, was «2%, — 25-62°, 02%, 
— 48:05° (1 = 0-5). It was then distilled, added to the distillate 
with afi, — 41-52°, and the mixture redistilled; the 1-8-octyl 
l + dl-p-toluenesulphinate then obtained had n®" 1-5051, d2° 1-010, 
ass; — 29-45°, o2i, — 35-13°, and «2%, — 66-39° (1 = 0:5). 

Mutarotation. The ester with «2%, — 35-13° (1 = 0-5) was placed 
in a glass container in a thermostat at 25-15°, and its rotatory 
power was determined at intervals of 188 hours. For at least 
762 hours its rotatory power was constant, but after 860 hours it 
had nj 11-5039; a3, — 8-46°, «2%, — 9-95°, and «2%, — 18-04° 
(J = 0:5). 

(b) Zhe isolation oj 1-8-octyl d + dl-p-toluenesulphinate. The 
levorotatory B-octyl p-toluenesulphinate used in this experiment was 


obtained by the gradual addition of p-toluenesulphinyl chloride — 


(38 g.) to a solution of /-8-octanol («%” — 8-06°; 1 = 1-0) (25 g.) in 
pyridine (22 g.), the temperature of the reaction mixture being 
maintained below 0°. The ester, isolated as previously described, 
was treated in ethereal solution with “ norit ” prior to its distillation, 
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at the commencement of which less than 1 g. of [-8-octanol was re- 
covered; no attempt was made to separate any other low-boiling 
fraction after oe had been removed. The distillate, b. p. up to 112° 
i g.), had nf 1-5015, d2 1-002, and «2%, — 2-55°, «2%, — 2-93° and 
iry — 476° (1 = 0-5). On redistillation, the distillate (35 g.), 
which left a small, tarry residue, had n3" 1-5004, d2° 1-002, and 
Oss; — 314°, a2, — 3:73°, aso — 5:27° (1 = 0-5) (Found: S, 12-1. 
C,,H,,0,8 requires 8, 11-95%), but there had been an interval of 
4 days between the determination of the rotatory power of the first | 
distillate and that of the redistilled ester. 

27 G. of this ester were then slowly redistilled and collected in 


two fractions. Fraction I (14 g., b. p. 99—105°, had n%* 1-4966, 


dz? 0-9968, a3; — 9-50°, and ai, — 11-65° (1 = 0-5). It was yellow 
and somewhat impure (Found: §, 11-:5%). Fraction II (9:3 g.), 
b. p. 105—114°, was colourless; it was l-octyl d + dl-p-toluene- 
sulphinate with n7# 1-5055, di? 1-005, «2%, + 6-67°, «23:, + 7-64°, and 


“oS, + 15-74° (J = 0-5) (Found: S, 12:1%). 


Mutarotation. 'The dextrorotatory ester was placed in a glass 


bottle in a thermostat at 25-15°, and the determinations of its rota- 
tory power given in Table II (p. 2562) were made in a 50 mm. tube 
at 25°, but are given as for a tube of 100 mm. 


The p-Zoluenesulphinic Esters of 1-Menthol. 
(a) Preparation of 1-Menthyl 1-+ dl-p-Toluenesulphinate.— 


-l-Menthol (18-3 g.) and ethyl dl-p-toluenesulphinate (21-6 g.) were 


heated together at about 60°/15 mm. After 48 hours, the product 


was cooled; it then solidified, and was readily soluble in benzene, 


ether, light petroleum, ethyl acetate, or acetone, but could be 


crystallised from the last four of these. 


On recrystallisation from light petroleum, levorotatory menthyl 
p-toluenesulphinate was obtained in fine needles, m. p. 98—100° and 


with [a], — 177-2°, [a]}i5, — 213-0°, [«]ii,, — 387-4° in acetone 
solution (c = 2-483, 1 = 2-0). After it had been recrystallised three 


times from aqueous acetone, subsequent recrystallisation from this 


‘solvent and also from light petroleum produced no further change 


in the ester, which had m. p. 108—109°; [a]}i; — 239-9°, [o]i% 
— 433-8° in solution in acetone (c = 2-609, 1 = 2-0). It is considered 
that this ester was probably optically pure /-menthy] /-p-toluenesul- 
phinate (0-5888 required 0-1141 of potassium hydroxide for complete 


hydrolysis. Theory, 0-1123). 


| 


Oxidation. To 1 g. of J-menthyl J + dl-p-toluenesulphinate in 
acetone (50 c.c.), finely ground potassium permanganate together 
with an equivalent quantity of magnesium sulphate was added until 
the pink coloration persisted for 15 minutes. The mixture was 
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diluted with water, and the manganese mud dissolved by passing 
sulphur dioxide; on cooling, the supernatant oil crystallised. ‘The | 
crystals, J-menthyl -toluenesulphonate, after being washed with 
water and dried, had m. p. 96° (alone, or mixed with an authentic : 
specimen), and [«]s, — 69-0° in chloroform solution (c = 2-009, 
1 = 2-0) (compare Hilditch, J., 1911, 99, 233). 

Mutarotation Phenomena Observed during the Preparation of \- 
Menthyl 1+ dl-p-Toluenesulphinate—The filtrate from the first 
recrystallisation of the crude levorotatory /-menthyl p-toluenesul-_ 
phinate was concentrated and then cooled in a freezing-mixture;__ 
few crystals separated. The remaining solvent was therefore removed | 
by distillation, finally at 15 mm.; the oily residue had [«]{j,. — 13-10°_ 
in acetone (c = 7:897, 1 = 2:0). Kept in a vacuum (0-1 mm.),_ 
it gradually became more viscous and set to a crystalline mass after 
4 days. The fine needles, m. p. 100—104°, obtained by recrystallis-_ 
ation from acetone, had [«]!%, — 224-9° in acetone (c = 2-790, 

= 2-0). A few drops of water were added to the filtrate from these 
crystals, when a further crop was obtained with m. p. 99—104°, and_ 
[o]fie. — 228-0° in acetone (c = 2-780, 1 = 2:0). The mother-liquor 
from this recrystallisation was highly levorotatory. From these 
observations it can be concluded that the levorotatory power of the 
menthyl p-toluenesulphinate had increased considerably on standing, 
in agreement with the hypothesis that /-menthyl d-p-toluene- 
sulphinate can change into /-menthyl [-p-toluenesulphinate. 

These results were confirmed by a similar experiment in which > 
l-menthol (49-2 g.) and ethyl di-p-toluenesulphinate (58 g.) were 
allowed to react as previously described for 24 hours. The crude 
levorotatory menthyl -toluenesulphinate obtained had [«}ii, 
— 82-4° in acetone (c = 2-670, 1 = 2-0). After crystallisation from 
aqueous acetone, J-menthyl / + dl-p-toluenesulphinate (30 g.) with 
m. p. 99—102°, and [«]i;, — 235-6° in acetone (c = 2-430, J = 2-0), 
was obtained ; after removal of the solvent from the mother-lquor, 
first by distillation and then in a vacuum, an oily menthyl 
p-toluenesulphinate was obtained with [o]fij, — 18-8°, [ali — 
29-2° in acetone (c = 3-243, 1 = 2-0). To remove possible traces 
of /-menthol, it was steam-distilled for 15 minutes; the residual 
oil, isolated and dried in ether, had [«]}j,, — 18-0°, [«]i5, — 
262° in acetone (c = 2:863, 1= 2-0). The crystalline mass 
obtained by keeping it in a closed glass vessel for 84 days had [aJyi, 
— 187-9°, [a], — 340-0° in acetone (c = 2-838, 1 = 2:0). 

(b) Preparation of 1-Menthyl d + dl-p-Toluenesulphinate.—A solu- 
tion of J-menthol (15:6 g.) in pyridine (10 g.) was cooled to — 10°, 
and p-toluenesulphinyl chloride (17-2 g.) added in small quantities ; 
after 12 hours, water was added, and the liberated oil extracted 
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washed, and dried in ether in the usual way. The oil, on cooling 


-aiter removal of the solvent, deposited crystals (12 g.) which, 


separated by filtration, had [«]}%;, — 162-0° in acetone (c = 2-824, 
1=2-0) and after recrystallisation from light petroleum gave 
l-menthyl / +- dl-p-toluenesulphinate (7 g.), m. p. 102—103°; [o]}%, 
— 227-1° in acetone (c = 2-566, | = 2:0). 

The dark yellow oil, /-menthyl d-+ dl-p-toluenesulphinate, 


which had been filtered from the crystals had 7, + 10-0° (1 = 0-25), 
the reading being accurate to 1°, and when dissolved in acetone 
“had [co], + 35:04, [a], + 76-38° (c = 2-782, 1= 2-0). It 
decomposed at about 190°/0-05 mm. 


Oxidation of 1-menthyl d + dl-p-tolwenesulphinate. 1 G. of the 


ester when oxidised as previously described gave a crystalline 


l-menthyl p-toluenesulphonate which, after recrystallisation from 
ethyl alcohol, weighed 0-85 g., had m. p. 96°, and [«]!%5, — 69-1° in 
chloroform (c = 2-366, 1 = 2-0). 

Mutarotation of 1-menthyl d + dl-p-toluenesulphinate. 4:3 G. of 


_ the ester, kept in a closed glass tube for 91 days, became crystalline 
{x}, — 187-6°, [o]z, — 338-6° in acetone; c = 2-503, 1 = 2-0) and 
therefore were now chiefly composed of /-menthyl [-p-toluene- 
sulphinate. On recrystallisation from aqueous acetone, J-menthyl 


1+ di-p-toluenesulphinate (3:5 g.) was obtained, m. p. 107°; 


 [o]i3;, — 237-5° in acetone (c = 2-187, 1 = 2-0), and this, on oxidation 


by the method previously described, gave a theoretical yield of 


I-menthyl -toluenesulphonate, m. p. 96°; [«]%, — 69-3° in 
chloroform (c = 2-430, J = 2:0). 


Preparation of Optically Active Derivatives of p-Toluenesulphinic 
Acid which do not contain an Asymmetric Carbon Atom. 


(a) Levorotatory Hthyl p-Toluenesulphinate (Ethyl 1 + dl-p-tolu- 


_ enesulphinate).—I-8-Octanol («3 — 8-06°; 1 = 1-0) (12 g.; 1 mol.) 


and freshly prepared ethyl dl-p-toluenesulphinate (n° 1-5309) 


(84 g.; 2 mols.) were heated at about 60°/16 mm. and then at 40° 


at a lower pressure for a further2 hours. The product was system- 
atically fractionated at less than 0-1 mm. During the distillation 


of the lower-boiling fractions (levorotatory ethyl p-toluene- 


sulphinate) the distillation flask was connected to a distillation 
“triangle”? having taps of large bore, but for the higher-boiling 
fractions (levorotatory $-octyl p-toluenesulphinate) even more open 
connexions had to be employed to ensure a higher vacuum in the 
distillation flask. 

The first distillation revealed the presence of unchanged I-8-octanol 
(1 g.) and gave three further low-boiling fractions—II: (6:8 g.), 


db. p. 74--80°; III (11-6 g.), b. p. 80—90°; and IV (1:2 g.), b. p. 
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90—100°—consisting largely of levorotatory ethyl -toluene- 
sulphinate. These were refractionated and, after removal of a. 
fraction (0-5 g.), b. p. 74--75°, fractions (6) (12:8 g.), b. p. 75—83° ; 
(c) (4:0 g.), b. p. 88—85°; and (d) (1 g.), b. p. 85—90°, were obtained. 
Fraction (b) had n®" 1-5299, 02%, — 2°81°, of — 346°, and of%59 — 6-69° 
(1 = 0:5). Its refractive index showed that it was impure levorota- 
tory ethyl p-toluenesulphinate, and therefore fractions (b), (c), and 
(d) were slowly refractionated; fractions («) (3 g-), b. p. 72—74°, 
n 1-5295; (8) (4 g.), b. p. 74—75°, n#" 15309, asin — 3°36° (1 = | 
0:5); (y) (5 g.), b. p. 75—76°, nz 1-5809, of — 3:37° (l = 0-5); and 
(8) (3 g.), b. p. 76—90°, were then obtained, leaving a residue 
(c), 2 g. 

Fractions (8) and (y) were therefore levorotatory ethyl 
p-toluenesulphinate. 

The following experiments were made to prove that this lzvorota- 
tory ethyl p-toluenesulphinate unlike levorotatory B-octyl p-toluene- 
sulphinate, could not be separated by fractional distillation into 
fractions with different rotatory powers. 

Four days after the determination of the physical constants 
recorded above, fraction (8) had n° 1-5307 and ogi — 3°35° (l= 
0-5), and fraction (y) had nj” 1-5307 and a2, — 339° (L = 0-5). 
They were mixed and redistilled slowly in a very high vacuum. 
The first few drops of the distillate were neglected, the main fraction 
(6-7 g.), leaving a small dark residue, had b. p. 63°, d? 1-114, 
ns" 1-5309,.n%, 1-5349, n%8, 1-5532, and ai%, — 2-64°, asi — 3°30", 
a2, — 6:25° (J = 0-5). Three days later, it was redistilled in a similar 
vacuum and, again leaving a small, discoloured residue, was thus 
divided slowly into two portions of the same weight. They had 
n® 15309, 02%, —3-27°, and ni 1-5309, afi —3-22° (1 = 0-5) 
respectively. 

0-5984 of the portion which distilled first required 0-1817 of 
potassium hydroxide for complete hydrolysis (Theory, 0-1823). 

In order to prove that the levorotatory ethyl p-toluenesulphinate 
isolated did not consist of a mixture of (a) 1-8-octanol, or of (0) 
levorotatory ®-octyl -toluenesulphinate with inactive ethyl 
p-toluenesulphinate the following observations were made. 

A portion of the ethyl p-toluenesulphinate from the same batch 
as that used in the preparation of the levorotatory ester was 
inactive at 25° in a 200-mm. tube to light of 1 5461 and 4 4359. 

0-3882 G. of 1-8-octanol («7 — 806°; 1 = 1:0) was made up to 
20 c.c. with this ethyl p-toluenesulphinate. The resulting solution 
had d2° 1-107, n% 1-5281, and a3, — 0-58° (1 = 2-0). 

0-2314 G. of levorotatory B-octyl p-toluenesulphinate (np 15053 ; 
a2, — 22-17°; 1 = 0-5) was added to 7-8602 g. of the ethyl p-toluene- 
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: sulphinate. The resulting solution had n° 1-5297 and «25, — 1-65°, 
ai359 —2°90° (1 = 1-0). 

Fifteen days after their separation and the determination of 

the rotatory powers recorded, the two portions of the optically 
active ethyl p-toluenesulphinate were mixed, and redistilled in a 
high vacuum; the mixture darkened rapidly and a black, tarry 
residue (0:5 g.) remained. The distillate (4-7 g.) had n®” 1-5309 and 
aie, — 0-04° (J = 1-0). 
_ Oxidation of the levorotatory ethyl p-toluenesulphinate. Twelve 
days after its isolation, fraction (8) (p. 2578) was slowly redistilled 
in a high vacuum. The lower-boiling fraction was levorotatory 
ethyl p-toluenesulphinate (1-85 g.) with n° 1-5308 and «2°, — 3-10° 
(/ = 0-5). It was dissolved in acetone (30 c.c.), and a finely ground 
mixture of potassium permanganate (2 g.) and crystalline magnesium 
sulphate (1-6 g.) added in small quantities with agitation. The 
mixture was cooled and after 2 hours poured into water, and the 
manganese mud dissolved by the passage of sulphur dioxide. The 
heavy oil which separated, after being extracted, washed, and dried 
in ether, solidified (1-8 g.) in a vacuum;, it had m. p. 34—35°, which 
was not depressed by admixture of the solid with ethyl p-toluene- 
sulphonate. 

The whole of the product made up to 20 c.c. with acetone gave 
a solution which was optically inactive in a 200 mm. tube. 

Isolation of the levorotatory £-octyl p-toluenesulphinaie formed 
during the preparation of the levorotatory ethyl p-toluenesulphinate. 
After the removal of fractions I, II, III, and IV during the distilla- 
tion of the mixture of levorotatory ethyl p-toluenesulphinate and 
levorotatory f-octyl p-toluenesulphinate (p. 2573), the residual 
liquid in the distillation flask was distilled and gave fractions V 
(11-3 g.), b. p. 100—105°; VI (5 g.), b. p. 105—110°; and a dark 
residue VII (3 g.). By redistillation of the high-boiling residues 
left during the purification of the levorotatory ethyl ester, levo- 
rotatory 8-octyl p-toluenesulphinate (1-3 g.), b. p. LOO—105°/ < 0-1 
-mm., was obtained with nj 1-5053 and «2%, — 22-17° (1 = 0-5). 
Fraction V above, without further purification, had nj) 1-5054 and 
546, — 18:32° (1 = 0-5). Fraction VI was lost, but on distillation 
of the residue VII a small quantity of levorotatory 8-octyl ester 
was obtained with «3,, — 8-55° (1 = 0-25). 

Thus it was shown that (a) the fractions of levorotatory 8-octyl 
p-toluenesulphinate obtained differed considerably in rotatory 
power, (b) the fraction which possessed the lowest rotatory power 
had azi;, — 34-20° (1 = 1-0). 

(b) Levorotatory n-Butyl p-Toluenesulphinate (n-Butyl | + dl- 
p-Toluenesulphinate.—This was prepared in a similar manner to the 

4R 2 
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corresponding ethyl ester. The product of the interaction at 
80°/16 mm., of 1-B-octanol («5 — 804°; T= 1-0) (7-8 g.) and 
n-butyl dl-p-toluenesulphinate (nj 1-5195), (25-7 g.), gave on 
distillation at a very low pressure a fraction (8-5 g.), b. p.— 
80—94°, n%" 1-5175, and «2%, —4-59° (1 = 0-5). This was almost 
pure n-butyl p-toluenesulphinate. Four days after its isolation, 
it had n® 1:5165 and 02%, —4-39° (1 = 0:5). On redistilla- 
tion, it darkened rapidly, but gave a distillate (6-9 g.), b. p. 
80—84°, n®° 1:5189 and 02%, —2:24° (1= 0-5). Some racem- 
isation had occurred, therefore, during the redistillation, and 
a further loss of rotatory power occurred during the last redis- 
tillation, when levorotatory n-butyl p-toluenesulphinate (5:3 g-), 
b. p. 84°/<0-1 mm., di 1-066, n° 1-5195, and ai, — 173° (1 = 0-5), 
was obtained. 

(c) Dextrorotatory Ethyl p-Toluenesulphinate (Ethyl d + dl-p- 
Toluenesulphinate)—(i) From 1-8-octyl 1-- dl-p-tolwenesulphinate. 
The levorotatory 8-octyl p-toluenesulphinate used in this experi- | 
ment was formed during the preparation of the levorotatory ethyl 
p-toluenesulphinate, being made up of 1 g. with a2, — 22°17° 
(1 = 0-5) and 11:3 g. with «2%, — 18-32° (1 = 0-5) (fraction V; p. 2579). 
The 1-8-octyl ester dissolved in absolute ethyl alcohol (75 c.c.) 
containing potassium acetate (9 g.) was heated under reflux on a 
steam-bath for 28 hours, and the solution poured into water. The 
oil which separated, after being extracted and dried in ether, was 
distilled at less than 0-1 mm. Until fraction I, b. p. up to 40° 
(1-8-octanol), had been removed, a high vacuum could not be 
obtained. Fraction I (2 g.) was followed by fractions II (3-5 g.), 
b. p. 40—65°; III (2:2 g.), bp. 70—94°; and IV (2:1 g.), b. p. 
94—100°. 

Fraction I, after two redistillations, had «3 — 8-06° (J = 1-0), a 
value almost identical with that of the l-alcohol with which this 
series of experiments was commenced. 

The succeeding fractions II, III, and IV were refractionated 
at a low pressure. ‘The first fraction thus obtained, b. p. up to 65°, 
was carefully redistilled, and the first few drops of distillate were 
neglected. ‘The main portion of the distillate (2 g.), b. p. 60—61°, 
had 72" 1-5309 and o2;, + 0:46 (1 = 0-5). 0-6072 required 0-1849 
of potassium hydroxide for complete hydrolysis (Theory, 0-1850). 
it was therefore dextrorotatory ethyl p-toluenesulphinate. 

The second fraction (2 g.), b. p. 65—100°, was obviously a mixture, 
but it was followed by the last fraction (2-5 g.), b. p. 100—106°, 
with n%" 1-5082 and o2, — 31-11° (1 = 0-5). This was levorotatory 
B-octyl p-toluenesulphinate, not of a high degree of purity, but 
possessing a much higher rotatory power than the l-sulphinate with 
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which this experiment was commenced. It is considered that it 
was produced during the separation of the mixture of dextrorotatory 
ethyl ester and /-8-octanol and did not arise owing to incomplete 
hydrolysis of the original levorotatory B-octyl p-toluenesulphinate 
(compare the results of the experiment which follows). 

(ii) From |-menthyl | +- dl-p-toluenesulphinate. 1-Menthyl 1 + dl- 
p-toluenesulphinate (m. p. 108—109°; [«]!%;, — 239-9° in acetone, 
c = 2-609, 1 = 2-0) (27-2 g.) was heated under reflux for 60 hours 
with potassium acetate (18 g.) in absolute ethyl alcohol (250 c.c.). 
The reaction mixture was poured into water (1000 c.c.) and the 
crystals which separated from the oil were filtered off and washed 
with water. The oil which separated from the aqueous filtrate 
was isolated, washed and dried in ether, and fractionated at less 
than 0-1 mm., giving fractions I (4 g.), b. p. up to 60°; II (0°5 g.), 
III (4 g.), b. p. 65—72°; and leaving a black residue (about 1 g.) 
which solidified on cooling 

Fraction I solidified to a white, crystalline solid, m. p. 42°, with 
[«];s93 — 48°8° in ethyl-alcoholic solution (c = 5-064, 1 = 2-0) and was 
therefore /-menthol. The original menthol from which the p-toluene- 
sulphinate was prepared had [«],., — 49-46° under the same 
experimental conditions. 

Fraction III had nj’ 1-5292 and «2, + 7-37° (1 = 0-5). It was 
therefore impure dextrorotatory ethyl p-toluenesulphinate. After 
refractionation, it weighed 2-8 g., had b. p. 65°/<0-1 mm., 
ne 1-5306, and «2%, + 8-27° (/=0-5). A further redistillation 
completed its purification, dextrorotatory ethyl p-toluenesulphinate 
being obtained with n} 1-5309 and «i, + 8-28° (J = 0:5). 

The crystals, /-menthyl / + dl-p-toluenesulphinate, which had 
been recovered by filtration of the diluted reaction mixture, were 
recrystallised from acetone. The first crop of crystals (8 g.), 
m. p. 108—109°, had [«]}i; — 241-9° in acetone (c = 2-751, 1 = 2-0). 
On dilution of the mother-liquor with water, a second crop of 
crystals (4 g.) was obtained, m. p. 107—108°, with [«]}i,, — 237-8 
in acetone (c = 2-670, 1 = 2-0). It cannot be assumed, therefore, 
that any preferential alcoholysis of the original /-menthyl 1 + dl-p- 
toluenesulphinate occurred. 

(iii) From dl-p-toluenesulphinyl chloride after it had been treated 
with half of its equivalent quantity of 1-B-octanol. To a solution of 
dl-p-toluenesulphinyl1 chloride (34:4 g.; 2 mols.) in light petroleum 
(75 ¢.c.) cooled in a freezing mixture, a solution of /-8-octanol 
(02° — §-04°; 7 = 1-0) (13 g.; 1 mol.) in pyridine (7-9 g.; 1 mol.) 
was added during 2} hours with agitation. At the end of 4 hour 
a solution of ethyl alcohol (9 g.) in pyridine (10 g.) was added, and 
the mixture, having stood for 12 hours, was washed three times with 
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water, twice with dilute hydrochloric acid, and twice again with 
water, and then dried over potassium carbonate. The solvent was 
removed, and the residual oil fractionated at less than 0-1 mm. - 
It gave fractions I (11-7 g.), b. p. up to 84°, nj; 1-5078, oF — 174° 
(l= 1-0); II (3-7 g.), b. p. 84—90°, nf” 1-5238, ogi + 183° (1 = 
0-5); III (11-5 g.), b. p. 90—100°, n>” 1-5022, ogi. — 15-08° (1 = 0:5) 5 
IV (6:5 g.), b. p. 110—112°, n#" 1-5044, of%;, — 13-14° (1 = 0-5), and 
left a black, tarry residue (3-5 g.). Fraction I was refractionated 
and gave fractions (a) (5-5 g.), n’ 1-5037, agi, — 352° (l= 0-5); 
(b) (1:5 g.), nB° 15202; and (c) (2:8 g.), nh; 15269, ogi + 1:3° 
(U: ==10+5). | 

It appeared probable that fractions II, (b), and (c) were impure 
dextrorotatory ethyl p-toluenesulphinate. Seven days after they 
had been isolated, they were mixed and fractionated at a very low 
pressure. The mixture darkened rapidly, but gave fractions («) 
(1 g.), nB 1-5302, 023, — 0-05° (J = 0-25), and (8) (3-2.g.), np 1-5299, 
a23°, — 0-13° (1 = 0-5), leaving a large, non-volatile residue. | 

These results are consistent with the view that fractions II, 
(b), and (c) were mixtures of dextrorotatory ethyl p-toluenesul- 
phinate and levorotatory 6-octyl p-toluenesulphinate, and that 
during their last distillation the dextrorotatory ethyl ester rac- 
emised, giving fractions («) and (@), which were presumably inactive 
ethyl p-toluenesulphinate contaminated with traces of the levo- 
rotatory B-octyl ester. 

That some preferential reaction on the part of the dl-p-toluene- 
sulphony! chloride took place is probable, since the levorotatory 
8-octyl p-toluenesulphinate produced, fractions III and IV, com- 
bined and then redistilled, had 2° 1-5028 and «25,, — 15-21° (l = 0-5), 
a value approximating to the rotatory power of the @-octyl ester 
obtained when [-8-octanol (1 mol.) preferentially reacts with ethyl 
dl-p-toluenesulphinate (2 mols.). 

Two attempts were made to repeat this experiment, but in each 
case the pure ethyl p-toluenesulphinate finally isolated was inactive, 
although the distillation was not interrupted and was unattended 
by excessive charring of the fractions on redistillation. Indeed, 
the rotatory powers of the various fractions obtained gave no 
indication of any preferential reaction of the dl-p-toluenesulphonyl 
chloride with the J-8-octanol. Especially was this true of the 
levorotatory f-octyl p-toluenesulphinate isolated (completely) 
in one of the experiments, for its rotatory power was oi; — 24-5° 
(| = 1-0), approximating to that of the 8-octyl ester obtained by the 
interaction of 1-6-octanol (1 mol.) and ethyl dl-p-toluenesulphinate 
(1 mol.). | 

(d) Levorotatory p-Toluenesulphinanilide—(i) From dl-p-toluene- 
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: sulphinyl chloride after it had been treated with half its equivalent 

— quantity of 1--octanol. p-Toluenesulphinyl chloride (34:4 g.; 

- 2 mols.) in ether (150 c.c.) was treated as described in the preceding 
experiment with a solution of 1-8-octanol (a — 8-04"; = 1-0) 
(13 g.; 1 mol.) in pyridine (7-9 g.); to the resulting mixture, aniline 
(19 g.) was added. After 12 hours, the crystals formed were filtered 

off, washed with water (to dissolve the hydrochlorides of pyridine 

and aniline), pressed on a porous plate, and recrystallised from 

aqueous ethyl alcohol. p-Toluenesulphinanilide was thus obtained 
in nacreous plates, m. p. 134° (Braun and Kaiser, loc. cit., give 
m. p. 138°), [«}ij. —1:1° in chloroform (¢ = 5-000, |= 2-0), and 
[x}7;, —0-65° in pyridine (c = 4-669, / = 2-0) (Found : N, 62%. 
Calc., N, 6:1). 

(ii) From dl-p-toluenesulphinyl chloride after it had been treated 
with half its equivalent quantity of |-menthol. To p-toluenesulphinyl 
chloride (17:2 g.; 2 mols.) a solution of /-menthol (7-8 g.; 1 mol.) 
in pyridine (11-7 g.; 2 mols.) was slowly added during 3 hours. 
After the addition of aniline (10 g.), the mixture was kept for 12 
hours, water was then added, the aqueous mixture filtered, and the 
crystals thus isolated (a mixture of levorotatory menthyl p-toluene- 
sulphinate and p-toluenesulphinanilide), after they had been washed 
with water, dilute hydrochloric acid and then again with water, 
were treated with ether (50 c.c.) to dissolve the levorotatory 
menthyl p-toluenesulphinate. The ethereal extract was filtered, 
and the almost insoluble p-toluenesulphinanilide obtained, having 
been washed with a further 10 c.c. of ether, was dried, and recrys- 
tallised from benzene; it then had [«]%, —1:29° in chloroform 

~ (c = 5-400, J = 2-0). 


Conversion of Levorotatory Ethyl p-Toluenesulphinate (Ethyl 1+ 
dl-p-Toluenesulphinate) into Dextrorotatory n-Butyl p-Toluene- 
sulphinate (n-Butyl d + dl-p-Toluenesulphinate). 

Levorotatory ethyl p-toluenesulphinate (asi, — 291°; [ = 0-5) 
(14:5 g.), prepared as previously described, was warmed gently 
under reflux with n-butyl alcohol (5:8 g.) for 18 hours, the apparatus 
being evacuated to15mm. On fractional distillation of the product 
at less than 0-1 mm., two fractions were obtained: I (10-7 g.), 
b. p. 85—86°, n¥° 1-5259, afi, —0-39° (1 = 1-0); and II (1-9 g.), 
b. p. 85—86°, n# 1-5159, and a, + 0-08° (J = 0-25). 

Fraction II was pure n-butyl p-toluenesulphinate. Fraction 
I was a mixture of the ethyl and n-butyl esters and was 
refractionated twice, giving finally fractions (a), 3-0 g., b. p. 
66—72°, n° 1-5296, «23, — 0-33° (1 = 0-5); (b), 1-8 g., b. p. 72-74", 
n" 1-5286, 025, — 0-18° (1 = 0-5), and (c), 1-7 g., np’ 1-5238, — 0-03° 
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(1 = 0-25). Fraction (c) was redistilled and gave 1 g., n} 1-5207. 
This was therefore almost pure n-butyl p-toluenesulphinate. It had 
otter + 0-05 (1 = 0-25). 


Reactions of the p-Toluenesulphonic Esters of 1-Menthol and of 
]-8-Octanol. | 


Conversion of 1-Menthol into d-neoMenthol.—l-Menthyl p-toluene- 
sulphonate (compare Hilditch, loc. cit.) was prepared as required 
by the addition of finely ground p-toluenesulphonyl chloride (1 mol.) 
to an ice-cold solution of /-menthol (1 mol.) in pyridine (1-25 mols.). 
The mixture was shaken until homogeneous and after 12 hours set 
to a hard, crystalline mass, which was crushed, extracted with water, 
dried, and recrystallised from ethyl alcohol. It then had m. p. 
96° and [c];s9; — 70-16° in chloroform (c = 2-620, 1 = 2-0). 

Reaction between 1-Menthyl p-Toluenesulphonate and Glacial 
Acetic Acid.—A solution of the l-sulphonate (150 g.) in the acid 
(200 c.c.) was warmed gently on a water-bath for 12 hours. The 
product was neutralised with a dilute solution of potassium carbonate 
and the oil which separated was extracted with ether. The mixture 
of menthene and menthyl acetates obtained, after removal of the 
ether from this ethereal extract, was refluxed with alcoholic sodium 
hydroxide, and the liberated menthols were isolated in a current of 
steam. They were heated with phthalic anhydride (80 g.) at 110° 
for 15 hours, and the mixture of menthene and menthyl hydrogen 
phthalates thus obtained was poured into a dilute sodium carbonate 
solution. The menthene was extracted from this solution with ether, 
and was isolated from the dried ethereal extract as a colourless 
oil, b. p. 64—65°/18 mm., di" 0-8185, n® 1-4540, and a?” + 16-58° 
(J = 1-0). (Henderson and Boyd, J., 1911, 99, 2159, give dz}: 0-8180, 
Ny 1:4536, for A®-menthene. The menthene obtained, therefore, 
was in all probability that hydrocarbon.) 

The hydrogen phthalic esters were recovered from the acidified 
sodium carbonate solution and had [«]) — 62-6° (c = 5-107, 1 = 2-0) 
in chloroform solution. Pure /-menthyl hydrogen phthalate under 
the same experimental conditions has [«], — 91-40° (Pickard and 
Littlebury, loc. ctt.). 

It was presumed that the mixture of hydrogen phthalic esters 
obtained was a mixture of those of /-menthol and d-neomenthol. A 
partial separation was effected by precipitating the bulk of the 
l-menthyl hydrogen phthalate as its magnesium salt by the addition 
of magnesium sulphate solution to a neutral solution of the sodium 
salts of the esters. The magnesium salt obtained was filtered off, 
recrystallised from aqueous ethyl alcohol, and reconverted into the 
hydrogen phthalic ester, which was further purified by recrystallis- 
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ation from acetic acid. When dry, the ester thus obtained had 
m. p. 110—112° and [«],) — 91-90° in chloroform (c = 5-362, 1 = 2:0). 
It was therefore pure /-menthyl hydrogen phthalate. 

The remaining phthalic esters were precipitated as zinc salts 
by addition of zinc chloride to the filtrate from the magnesium 
J-menthyl phthalate. The zinc salts were dissolved in acetic acid 
and reprecipitated, by the addition of water, as hydrogen phthalic 
esters, which when dry had m. p. 139—142° and [«], + 14-60° in 
chloroform (¢ = 2-532, 1 = 2-0). 

It was considered impossible to purify satisfactorily the small 
quantity of d-neomenthyl hydrogen phthalate obtained, and there- 
fore the following steps were taken to prove that only the hydrogen 
phthalates of J-menthol and of d-neomenthol were present in the 


original mixture. 


With the exception of the pure /-menthyl hydrogen phthalate which 


had been isolated, the whole of the phthalic esters originally 


obtained were recovered, hydrolysed by refluxing them with an 
alcoholic solution of potassium hydroxide, and the liberated 
menthols were isolated in a current of steam. When redistilled, 
they had b. p. 103—107°/17 mm., njj* 1-4603, and of — 28-94° 
(J = 1-0) (Pickard and Littlebury, loc. cit., p. 122, record nj 1-4603 
and [«], + 19-69° for d-neomenthol). 

The mixture of menthols thus obtained was oxidised by the 


~ method of Beckmann (Annalen, 1889, 250, 325). The menthone 


produced had b. p. 89—91°/16 mm., of} — 5-44° (1 = 0-25), 
d2 0-869, whence [«]2” — 24-28° (Pickard and Littlebury, loc. cit., 
p. 124, state that J-menthol and d-neomenthol alone when oxidised 
by the above method give J-menthone of rotatory power between 
[aly — 23-3° and [«]p — 29-10%). 

By shaking the /-menthone obtained with an aqueous methyl- 
alcoholic solution of equivalent proportions of semicarbazide hydro- 
chloride and potassium acetate, its semicarbazone was produced 
which, after drying, had m. p. 186—188° (Pickard and Littlebury, 
loc. cit., give m. p. 189° for the semicarbazone of pure /-menthone). 

It was thus proved that only two menthols were produced, giving 
hydrogen phthalic esters of opposite sign of rotatory power, and 
since they both gave /-methone on oxidation they were /-menthol 
and d-neomenthol, respectively. 

Reaction between 1-Menthyl p-Toluenesulphonate and Ammonium 
Acetate.—A mixture of the l-ester (15-5 g.) and ammonium acetate 
(38-5 g.) was heated with occasional shaking for 96 hours at 110°, 
and then distilled with steam. The product isolated from the 
distillate with ether, on distillation, gave fraction I (3 g.), b. p. 


60—64°/17 mm., which was a menthene, and fraction II (1 g.), 
4R* 
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b. p. 105—107°/17 mm., which was d-neomenthol (containing some 
I-menthol) with «f° + 2-5° (J = 0-25). It readily gave a phenyl- 
carbamate which, after recrystallisation from methyl alcohol, had 
m. p. 104°. 

Interconversion of the Enantiomorphously related $-Octanols. 
1-8-Octyl p-Toluenesulphonate—Levorotatory -octyl p-toluene- 
sulphinate («1s — 9-64°; 1 = 1-0) (16 g., prepared by the interaction 
of 1-8-octanol, «is — 8-04° [2 = 1-0] and p-toluenesulphinyl chloride 
in presence of pyridine) was dissolved in acetone (120 c.c.), and 
a solution of magnesium sulphate (10 g.) in water (50 c.c.) added. 
The mixture was vigorously stirred during the addition of finely 
divided potassium permanganate (10 g.). The solution, now perma- 
nently coloured, was diluted with water, and sulphur dioxide passed 
into the solution until the manganese mud had just dissolved. It 
was then cooled, extracted with ether, the ethereal extract dried 
over potassium carbonate, and the ether removed by distillation. 
J-8-Octyl p-toluenesulphonate (14 g.) was thus obtained as a colour- 
less oil which showed no tendency to crystallise even when cooled 
in liquid air. It had «/$’ — 6-78°, and decomposed rapidly when 
heated at 110°/0-1 mm. 

Reaction between 1-8-Octyl p-Toluenesulphonate and Potassium 
Acetate in Ethyl-alcoholic Solution.—The l-ester (14 g.; «5 — 6-78°) 
was added to absolute ethyl alcohol (75 c.c.) containing freshly 
fused potassium acetate (9-8 g.). After 17 hours’ heating under 
reflux, the reaction mixture was poured into water and the oil 
which separated isolated with ether in the usual manner. On 
distillation, a small fraction was obtained below 82°/17 mm. which 
was unsaturated, and after the main fraction (5 g.), b. p. 82—92°/17 
mm., had distilled, only a small, gummy residue remained. After 
three refractionations of the main fraction, d-8-octyl acetate (1:5 g.) 
was obtained the rotatory power of which was unaltered by sub- 
sequent redistillation. It had di! 0-8619, niv’ 1-4168, and aj — 5-64° 
(2 = 1-0) (compare Part V, loc. cit., and p. 2565 of this paper). 

Reaction between d-8-Octyl p-Toluenesulphonate and Potassvum 
Benzoate in Ethyl-alcoholic Solution.—The d-ester (a* + 7-30° ; 
1 = 1-0) (25 g.; obtained by the oxidation of a p-toluenesulphinate 
of d-8-octanol, with «1 + 18-18° [1 = 1-0]), and potassium benzoate 
(28 g.) in absolute ethyl alcohol (123 c.c.) were heated under reflux 
for 12 hours, and the products isolated as previously described. 
On distillation, two fractions were obtained: I (6 g.), b. p. 74— 
83°/19 mm.; II (5 g.), b. p. 883—170°/19 mm. 

Fraction I was crude /-8-octyl ethyl ether. It was heated with 
phthalic anhydride (10 g.) at 110° for 15 hours, and the resulting © 
mixture poured into a dilute solution of sodium carbonate. When all 
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_ the solid matter had dissolved, this solution was extracted with ether, 
_ and from the dried extract the /-8-octyl ethyl ether (now free from 
traces of £-octanol) was regained and fractionated until further 
redistillation left its rotatory power unchanged. It then had b. p. 
 73—74°/17 mm., ad?” 0-7836, nz, 1-4081, nit 1-4099, and a7" — 14-08°, 
ots, — 16:-64° and «3, — 26:92° (J = 1-0). 

_ (These values are somewhat higher than those given in Part XIV, 
 J., 1923, 123, 14, where the 1-8-octyl ether described was prepared 
directly from /-8-octanol, and should therefore be compared with 
_ the values obtained for the d-8-octyl ethyl ether prepared as described 
below.) 

Fraction II was 1-8-octyl benzoate. It was refractionated four 
times; its rotatory power then could not be changed by further 

redistillation. (The small increases in its rotatory power produced 
during the preliminary fractionations were attributable to purifi- 
cation; no evidence of the separation of the ester into two forms 
with different rotatory powers could be obtained.) The /-8-octyl 
- benzoate obtained had b. p. 168°/18 mm., d? 0-9679, nj 1-4864, and 
a. — 28-70° (compare Part XII, J., 1915, 107, 121). By hydrolysis 
with alcoholic sodium hydroxide, /-6-octanol was obtained with 
ay — 6-96° (J = 1-0). 
d-6-Octyl Ethyl Hiher.—d-8-Octanol (aj — 8-10°; 1 = 1-0) (7 g.) 
- was added to powdered potassium (1-9 g.) in ether (100.c.c.). After 
dissolution of the potassium, ethyl p-toluenesulphonate (15 g.) was 
added in small quantities, and after 12 hours, the mixture was 
refluxed for 3 hours. The reaction mixture was then distilled in 
steam, and the crude d-8-octyl ethyl ether isolated in the usual 
manner and heated with phthalic anhydride (15 g.) as previously 
described. The purified d-8-octyl ethyl ether was redistilled until 
of constant rotatory power, when it had b. p. 73—74°/17 mm., 
a 07838, n° 1-4095, 25, 1-4105 and 24% + 15-38, agi: -- 18-08, 
af, + 33-36° (1 = 1-0). 

It is possible that this d-6-octyl ethyl ether thus prepared was 
optically impure, since the use of ethyl p-toluenesulphonate as 
an alkylating agent may lead to loss of rotatory power (Part XVII, 
loc. cit.). 
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CCCLV.—The Relation between Chemical Constitution 
and Pungency in Acid Amides. 


By Epwarp CHARLES SNELL JoNES and Frank Ler PYMAN. 


THE constitution of piperine has long been known, and the dis- — 
coveries of Nelson (J. Amer. Chem. Soc., 1919, 41, 1115) that — 
capsaicin is a decenovanillylamide and of Asahina and Asano 
(J. Pharm. Soc. Japan, 1922, 85) that the reduction product of 
spilanthol, the pungent principle of para-cress, is n-decozsobuty]l- 
amide have aroused considerable interest in the connexion between 
chemical constitution and pungency in acid amides. 

Nelson (J. Amer. Chem. Soc., 1919, 41, 2121) prepared the 
vanillylamides of the normal fatty acids up to dodecoic, and found 
that the pungency became pronounced with the n-hexo-derivative, 
increased up to the n-nono-derivative, and then diminished. He 
prepared also a few vanillylamides of aromatic and unsaturated 
aliphatic acids, of which the most important was A»*-undeceno- 
vanillylamide. His estimate of the relative pungency of his more 
active vanillylamides was n-hexo 5, n-hepto 25, n-octo 75, n-nono 
100, n-deco 50, n-undeco 25, n-dodeco 25, and A®-undeceno 25, as 
compared with capsaicin 100. 

Ott and Zimmermann (Annalen, 1921, 425, 314) prepared several ~ 
vanillylamides and concluded from the fact that they found the _ 
vanillylamides of a number of unsaturated acids and especially 
oleovanillylamide to be very pungent whilst stearovanillylamide 
was tasteless, that pungency is associated with unsaturation in 
the acyl group. Their view, however, has been shown to be 
incorrect by Nelson and Dawson (J. Amer. Chem. Soc., 1923, 45, 
2179), who find that dihydrocapsaicin (j-methylnonovanillylamide) 
is Just as pungent as capsaicin itself, which they showed to have 
the constitution of y-methyl-A:-nonenovanillylamide. 

Nelson did not study the effect of varying the basic part of the 
molecule except that both he and Lapworth and Royle (J., 1919, | 
415, 1109) state that the methyl ether of capsaicin is far less 
pungent than capsaicin. Ott and Zimmermann, however, prepared _ 
and noted the pungency of the A»-undeceno-derivatives of benzyl- 
amide (tasteless) and its 4-methoxy- (tasteless) and 2- and 4-hydroxy- 
derivatives (fairly pungent, 4>2). 

Staudinger and Schneider (Ber., 1923, 56, 699) and Staudinger 
and Miiller (ibed., p. 711) studied the pungency of a series of piper- 
idides. They found the piperidides of aliphatic or purely aromatic 
acids to be only feebly pungent, whilst, in the pungency of the 
piperidides of the w-phenyl normal saturated fatty acids, a distinct 
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maximum effect was found, the 3-phenyl-n-valero-derivative being 
very pungent whilst y-phenyl-n-butyro- and «-phenyl-n-hexo- 
piperidides were only slightly pungent. The three 5-phenylpenteno- 
piperidides also were found to be very pungent, whilst y-phenyl- 
A’-isocrotonopiperidide was only feebly pungent. They therefore 


associated the pungency of piperidides with the skeleton rather 
_ than with the state of saturation of the acyl residue. 


The present work was started with the object of preparing 


substances exceeding capsaicin in pungency, and a number of 


acylbenzylamides have been made. The method mainly employed 
was that of Nelson, namely, the action of acyl chlorides upon 
benzylamines, but a number of vanillylamides have been prepared 


by a method due to Kinhorn (Annalen, 1905, 343, 207), namely, 
_ the condensation of the N-methylol derivatives of acid amides with 


guaiacol. Einhorn did not determine the orientation of his con- 
densation products, but it is now shown that substitution took 
place in the para-position with respect to the bydroxy-group, since 
benzo-, chloroaceto-, and A*-undeceno-vanillylamides have been 
made both by the action of the acid chloride upon vanillylamine 
and by the condensation of the N-methylol derivative of the acid 


amide with guaiacol. The formation of benzovanillylamide by 


the two methods is formulated below : 
OH at OH 
a vs riba 
Rate BS ai ne bbs) eg 
a Nae DH 
CH,-NH, + PhCOCl CH,;-NH-COPh + HO-CH,-NH-COPh 


After this result had been obtained, Bradner and Sherrill (U.S. 
Pat. 1503631 of 1924) recorded the formation of a pungent com- 


pound of undetermined constitution by the condensation of guaiacol 


with N-methylol-A»-undecenoamide. 
In the course of the present work, we have varied both the acyl 


_ and the amido-residue. In varying the first, we were interested 
to find out how far the predominance of n-nonovanillylamide 


amongst Nelson’s synthetic compounds was due to the length of 
the acyl residue and how far to its mass. From this point of view, 
we have prepared and examined the pungency of the vanillylamides 
of (1) a branched-chain nonoic acid, (2) a series of w-phenyl satur- 
ated fatty acids, and (3) a number of halogeno-acetic acids. The 
results were as follows: (1) «-isoPropyl-n-hexovanillylamide has only 
about 5°%, of the pungency of n-nonovanillylamide. (2) Whilst 
benzovanillylamide is faintly pungent and phenylacetovanillylamide 


non-pungent, 8-phenylpropiovanillylamide has some 40% of the 


pungency of n-nonovanillylamide and y-phenyl-n-butyro- and 


9590 JONES AND PYMAN: THE RELATION BETWEEN CHEMICAL 


3-phenyl-n-valero-vanillylamides are slightly more pungent. The 
latter results may be contrasted with Staudinger’s experiences with 
the piperidides, where a distinct maximum effect was experienced 
with the 8-phenyl-n-valero-derivative. It may be added here that 
the pungency of cinnamovanillylamide is trivial compared with 
that of its dihydro-derivative, 8-phenylpropiovanillylamide, and 
this result supports the opinion of Nelson and controverts that of 
Ott and Zimmermann as regards the effect of unsaturation on 
pungency. , 

(3) The pungency of the mono-, di-, and tri-chloroacetovanillyl- 
amides and of bromo- and iodo-acetovanillylamides was only slight 
and of the same order. It therefore appears that the shape rather 
than the weight of the side-chain is the important factor in the 
matter of pungency. 

Experiments in which the acyl group—n-nonoyl or undecenoyl— 


remained constant, whilst the amido-residue was varied, largely — 


bore out the conclusions of Ott and Zimmermann. Where no 
phenolic hydroxyl was present in the molecule, as in n-nono-3 : 4- 
methylenedioxybenzylamide and n-nono-4-methoxybenzylamide, no 
pungency was observed, whilst n-nono-4-hydroxybenzylamide had 
about 10% and A»-undeceno-4-hydroxybenzylamide about 30% of 
the pungency of n-nonovanillylamide. The introduction of a 
further hydroxy-group into the meta-positions in these compounds 
increases the pungency still further, for the n-nono- and A»-wndeceno- 
3: 4-dihydroxybenzylamides had respectively 25 and 50% of the 
pungency of n-nonovanillylamide. 

The relative pungency of these compounds was determined by 
Pearson’s method (Pharm. J., 1919, 103, 78), that is, by dilution 
of aqueous-alcoholic solutions with water until pungency was barely 
perceptible when a few drops of the solution were tasted. ‘The 
results are to be regarded as only approximately quantitative, 
because of the variation in the kind of taste of the compounds as 
well as the difficulty of comparing the intensities of tastes of the 


same kind. Some of these compounds have a purely pungent — 


taste, whilst the taste of others is a blend of flavour and pungency, 
and, further, the pungency itself varies from a crisp and transient 


i 


sting to a dull, persistent, numbing burn. Thus at a.dilution of | 
1 in 500,000 n-nonovanillylamide causes an immediate crisp sting, _ 
free from flavour, the effects of which last for 2 minutes, A*-undeceno- _ 
vanillylamide produces a dull numbing burn which takes two or | 


three seconds to develop and persists for 8 minutes, and has also — 
an inky flavour, whilst capsaicin rapidly produces a vigorous burn — 


lasting 6 minutes, and has also a flavour. On further dilutions to 


1 in 5,000,000, the pungency of n-nonovanillylamide is barely 
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perceptible, whilst that of Av-undecenovanillylamide and capsaicin 
is still faint, and therefore we regard these two compounds as 
rather more pungent than -nonovanillylamide, whereas Nelson, 
' who also comments on the varying character of the pungencies of 
these compounds, regards n-nonovanillylamide as being four times 
as pungent as A»-undecenovanillylamide. 


EXPERIMENTAL. 


Preparation of Acylbenzylamides by Nelson's Method.—The 
following general method was employed for the preparation of 
_ acylbenzylamides other than the halogeno-acetovanillylamides. 
_ The acid chloride (1 mol.) was added gradually to a solution or 
suspension of the dry amine (2 mols.) in sodium-dried ether, and 
the mixture was kept for 1 or 2 days with occasional shaking. 
The reaction product was extracted with 3% hydrochloric acid to 
remove the unchanged amine, and in the case of the sparingly 
soluble benzo-, phenylaceto-, cinnamo-, and «$-dichloro-8-phenyl- 
propio-vanillylamides the bulk of the acid amide was filtered off at 
this point. In the other cases, the ethereal solution was extracted 
with aqueous sodium carbonate to decompose unchanged acid 
chloride and to remove the acid; it then left, on distillation, the 
erude acid amide. Where the product contained a free phenolic 
hydroxyl group, however, it proved to be advantageous to extract 
it from the ethereal solution with aqueous sodium hydroxide, and 
after acidifying this solution to collect it by means of ether, thereby 
eliminating or hydrolysing any O-acyl derivative present. The 
products were finally crystallised from the solvents mentioned in 
the table on page 2593, and obtained in the yields stated there. 
We attribute the higher melting points of our preparations of nono- 
and undeceno-vanillylamides as compared with Nelson’s, in part 
to the extraction with sodium hydroxide mentioned above, and in 
part to the fact that we dried vanillylamine in a vacuum over 
_ sulphuric acid, whilst Nelson dried it at 110°. This difference in 
_ procedure is important, for vanillylamine suffers decomposition 
when heated with water at 100°, as Nelson has pointed out. 

In the case of chloroacetovanillylamide, where the above method 
could not be employed owing to the solubility of this substance in 
aqueous vanillylamine hydrochloride, and its sparing solubility in 
solvents immiscible with water, the following procedure was adopted. 
To anhydrous vanillylamine (20 g.) suspended in dry ether chloro- 
acetyl chloride (7-4 g.) was added drop by drop. After the vigorous 
reaction was complete the ether was removed by distillation, and 
the acid amide collected by prolonged extraction with hot chloro- 
form. Dichloro- and monobromo-acetovanillylamides were isolated 
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similarly, but whilst dichloroacetyl chloride reacted immediately 
and vigorously with vanillylamine, the reaction between bromo- 
acetyl bromide and the amine was very sluggish, and gave only a 
28% yield after keeping for 3 weeks. Attempts to improve the 
yield by heating bromoacetyl bromide and vanillylamine with 
benzene, xylene, or ether in the presence of pyridine were unsuc- 
cessful. 

Trichloroacetovanillylamide was obtained by adding Bishi 
acetic anhydride (20-2 g.) to anhydrous vanillylamine (20 g.) 
suspended in dry ether, regulating the reaction by cooling, removing 
vanillylamine trichloroacetate by filtration, and washing the 
ethereal solution with aqueous sodium carbonate, when it remained 
after removing the solvent. 

Iodoacetovanillylamide was prepared in theoretical yield by 
boiling chloroacetovanillylamide with sodium iodide in acetone 
solution for $} hour. Dichloroacetovanillylamide did not react with 
sodium iodide under these conditions, but the solution deposited 
sodium chloride after several hours at 120°. No sodium chloride 
was deposited after heating trichloroacetovanillylamide with sodium 
iodide in acetone solution for 10 hours at 150°. : 

Properties of the <Acylbenzylamides.—'The acylbenzylamides 
described below are colourless, except iodoaceto- and 6-p-nitro- 
phenylpropio-vanillylamides, which are straw-coloured, and nono- 
and undeceno-3 : 4-dihydroxybenzylamides, which could not be 
obtained free from brown colour. The monohalogenoaceto- 
vanillylamides are moderately easily soluble in hot water, the 
remainder being almost insoluble. | 

The vanillylamides of benzoic, phenylacetic, cinnamic, and the 
halogenated acids (except trichloroacetic) are sparingly soluble in 
ether, and generally less soluble in the usual organic solvents than 
the remaining acid amides. 

Das tianlasel of the individual compounds are given in the tables 
on pages. 2593-5. 

Substituted Benzylamines——These are prepared usually by the 
reduction of substituted benzaldoximes by means of sodium amalgam 
and glacial acetic acid in alcohol at about 60°. 

Nelson (Joc. cit.) prepared vanillylamine from vanillinoxime in 
this way in an average yield of 65%, but Ott and Zimmermann 
(loc. cit.) failed to confirm this yield even approximately. We find 
that reduction by this means is best conducted below 30°, when 
good yields are obtained, the yield of vanillylamine from vanillin- 
oxime being 75—80%, that of, 3 : 4-methylenedioxybenzylamine 
from piperonaldoxime 92%, and that of anisylamine from anisald- 
oxime 80%. 
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Small quantities of the dibenzylamines, divanillylamine and 
dianisylamine, were obtained as by-products of the reduction of 
the corresponding oximes, just as in the reduction of veratraldoxime 
(Riigheimer and Schon, Ber., 1908, 41, 17) and of benzaldoxime 
(Paal and Gerum, Ber., 1909, 42, 1553). 

Vanillylamine hydrochloride melted at 227° (corr.) and gave 
with sodium hydroxide (1 mol.) the free base, which contained — 
2H,O. After drying over sulphuric acid, it melted at 145—146° 
(corr.). Nelson gives the m. p. of the dry substance as 131—133°, 
but it appears from the context that he dried it at 110°. 

Divanillylamine hydrochloride, m. p. 244° (corr.), may be purified 
by crystallisation from water, in which it is much less readily soluble 
than vanillylamine hydrochloride (Found: C, 58-8; H, 6:3. 
C,H, 50,N,HCI requires C, 58:9; H, 6:2%). 

On the addition of the equivalent quantity of sodium hydroxide 
to its concentrated aqueous solution, divanillylamine was deposited 
in fine needles, which, after dehydration over sulphuric acid, melted 
at 92° and decomposed at 104° (corr.) (Found: C, 66-3; H, 6:8. ° 
C,,H,,0,N requires C, 66-4; H, 6:6%). 

Piperonylamine hydrochloride melted at 247° (corr.). Mannich 
and Kuphal (Ber., 1912, 45, 318) give 227° (not sharp). 

Anisylamine hydrochloride melted at 244° (corr.). Tiffeneau 
(Bull. Soc. chim., 1911, 9, 819) gives 240—241°. 

In its preparation, the sparingly soluble dianisylamine hydro- 
chloride was obtained as a by-product (Found: C, 65-5; H, 6-9. 
Cale., C, 65-4; H, 6:9%). This salt had m. p. 255° (corr.) and the 
base 34° (corr.); Steinhart (Annalen, 1887, 241, 233) gives 243° 
and 34°, respectively. 

p-Hydroxybenzylamine melted at 109° (corr.) after dehydration 
in a vacuum; Salkowski (Ber., 1889, 22, 2142) states that it melts 
in its water of crystallisation at about 95°. 

3: 4-Dihydroxybenzylamine hydrochloride is obtained in almost 
theoretical yield by heating vanillylamine hydrochloride (10 g.) 
with hydrochloric acid (20 c.c. conc.) for 5 hours at 140°. On the 
addition of slightly less than one equivalent of sodium hydroxide 
to its concentrated aqueous solution, in an atmosphere of hydrogen, 
3: 4-dihydroxybenzylamine is deposited in brown, sandy, anhydrous 
crystals, m. p. 158° (corr.; decomp.) (Found: C, 60-1; H, 6:7. 
C,H,O,N requires C, 60-4; H, 65%). 

The Acids.—«-isoPropyl-n-hexoic acid. A mixture of ethyl 
wsopropylmalonate (1 mol.), n-butyl bromide (1 mol.), and sodium 
ethoxide (1 mol.) in absolute alcohol was kept for several hours, 
and then boiled for 1 hour under reflux. The product was isolated 
in the usual way, and hydrolysed with alcoholic potash, when 
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: isopropyl-n-butylmalonic acid was obtained in good yield. It formed 
hard prisms from absolute alcohol, m. p. 105° (corr.) (Found : 


On distillation, it gave «-isopropyl-n-hexoic acid as an oil, b. p. 


 220—225°, in a yield amounting to 77% of the theoretical calculated 
upon the ethyl isopropylmalonate used. 


On treatment with phosphorus pentachloride (1 mol.) in chloro- 


form, it gave the acid chloride, b. p. 155—158°, which gave with 
ammonia «-isopropyl-n-hexoamide, small, fatty plates from chloro- 
form, m. p. 93° (corr.) (Found : C, 68-5; H, 12-2. C,H,,ON requires 
me, 68:7; H, 12-2%). 


Undecenoic acid is obtained together with heptaldehyde by 


distilling castor oil under diminished pressure. The process was 
first described by Krafft (Ber., 1877, 10, 2034), whilst Becker (Ber., 


1878, 11, 1412) states that the yield is about 10%, and Leeds (Ber., 
1883, 16, 290) that the distillation is conducted under a pressure of 


100mm. Ott and Zimmermann (loc. cit.) obtained a greatly improved 


yield by distilling the oil through a red hot platinum spiral under 
1 mm., cooling the receiver to — 80°, but these elaborate precautions 
are quite unnecessary, for a good yield may be obtained as follows. 
Castor oil (300 g. B.P. quality) is distilled under 10 mm., the 
receiver being cooled to — 8°. Distillation begins when the 
temperature of the liquid reaches 293°, and this temperature remains 


stationary, whilst the temperature of the vapour rises from 140— 


175°. The rate of heating is controlled so that the temperature of 
the vapour does not exceed 175°. After about 24 hours, distillation 
ceases, and the distillate is redistilled under 10 mm., heptaldehyde 


is collected at 45° and undecenoic acid at 150—170°. Yield 67 g. = 


22-39% by weight of the oil. 

8-Phenyl-n-valeric acid may be prepared readily as follows: 
y-Phenyl-n-propy! alcohol (20 g.) is converted quantitatively into 
y-phenyl-n-propyl bromide by the method of Rupe and Biirgin 
(Ber., 1910, 43, 178) by means of phosphorus tribromide when 27 g. 
of the latter (in place of 20 g. as given by these authors) are 
employed. y-Phenyl-n-propyl bromide (20 g.) was heated for 
1 hour with the sodio-derivative of ethyl malonate (16 g.) in alcohol, 
and gave ethyl y-phenyl-n-propylmalonate, b. p. 198°/10 mm. ; 
yield 70%. This gave on hydrolysis y-phenyl-n-propylmalonic acid, 
hard prisms from alcohol, m. p. 95° (corr.), which lost carbon dioxide 
at 160—170°, leaving 8-phenyl-n-valeric acid, m. p. 58°. 

Preparation of Acylbenzylamides by Einhorn’s Method.—Guaiacol 
and N-methylolbenzamide gave on condensation by Einhorn’s 
method (loc. cit., p. 235) a substance, m. p. 144—145° (corr.), in a 
yield of 27% (Einhorn gives m. p. 148° and yield not greater than 
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25%) which was identical (by the mixed melting-point method) 
with benzovanillylamide prepared by Nelson’s method. N-Methylol- 
benzamide is best purified by crystallisation from chloroform ; 
it.then melts at 104° (Einhorn, 104—106°). We were unable to 
purify the substance by crystallisation from dilute alcohol, the 
method used by Einhorn. 

Guaiacol and N-methylolchloroacetamide gave on condensation 
by Einhorn’s method (loc. cit., p. 292) a substance, m. p. 119—122° 
(corr.) (Einhorn, m. p. 116—119°), which was identical (by the 
mixed melting-point method) with chloroacetovanillylamide pre- 
pared by Nelson’s method. 

Guaiacol and N-methylolundecenoamide gave similarly a crude 
undecenovanillylamide, which was recognised as such by acetyl- 
ation and isolation of O-aceto-N-undecenovanillylamide, needles 
from alcohol, m. p. 88° (corr.) (Found : C, 69-6; H, 8-6. C,,;H3,0,N 
requires C, 69-5; H, 8-6%), which proved to be identical (by the 
mixed melting-point method) with the product of acetylation of 
undecenovanillylamide. 

N-Methylol-Av-undecenoamide.—Five grams of undecenoamide, 
m. p. 87° (corr.) (Aschan, Ber., 1898, 33, 2349, gives 84:5—85:5°), 
formaldehyde (2-5 g. of 40% solution), and potassium carbonate 
~ (0-2 g.) in water (10 c.c.) are warmed and thoroughly mixed until the 
solution becomes clear. After keeping for 2 days, the separated 
crude N-methylolundecenoamide, m. p. 74—76°, is collected (yield 
96%). It is recrystallised from acetone, the first crop, containing 
some unchanged undecenoamide, being rejected. The pure sub- 
stance melts at 77° (corr.) (Found: C, 67-4; H, 11-0. C,,H,,.0,.N 
requires C, 67:5; H, 10-9%). 

MunicipaAL COLLEGE OF TECHNOLOGY, 

UNIVERSITY OF MANCHESTER. [Recewed, August 28th, 1925.] 


CCCLVIL.—The Equilibrium in the Systems Aluminium 
Sulphate-Copper Sulphate—Water and Aluminium 
Sulphate—Ferrous Sulphate—Water at 25°. 


By VINcENT JOSEPH OCCLESHAW. 


Tus investigation was commenced to determine by means of a 
phase-rule study the conditions under which aluminium sulphate 
forms ‘“‘ pseudo-alums,”’ Al,(SO,)3,M”’SO,,24H,0, with the sulphates 
of such bivalent metals as magnesium, zinc, copper, manganese, 
and iron. When a large part of the work had been carried out, 
Caven and Mitchell (this vol., p. 527) published their results for the 
systems aluminium sulphate-copper sulphate—water and aluminium 
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sulphate-manganous sulphate—water at 30°. As the author has 
no intention of investigating further systems of this type, the work 
so far completed is being described. 

Caven and Mitchell (loc. cit.) have shown that no double salt exists 
in the copper sulphate system ‘at 30°. The double salt 
Al,(SO,)3,FeSO,,24H,0, called “ halotrichite ” or “ feather-alum,”’ 
is a naturally-occurring, so-called ‘‘ pseudo-alum,” having been 
found by Forchlamner as a volcanic efflorescence inIceland. Patter- 
son (J., 1896, 69, 66) found a salt approximating in composition 
to the above formula in wool-bleaching chambers, and the salt was 
prepared in presence of a large excess of sulphuric acid by Klauer 
(Annalen, 1835, 14, 261). Wirth also (Z. angew. Chem., 1913, 26, 181), 
who made an incomplete study of the ferrous sulphate system, 
prepared this salt. 

EXPERIMENTAL. 

The aluminium sulphate was recrystallised before use. The 

copper sulphate and ferrous sulphate were “ guaranteed chemicals ” 


purchased from Messrs. Hopkin and Williams. Weighed quantities 


of the salts, which were more than sufficient to give saturated 
solutions, were placed with water in well-stoppered bottles in the 


case of the copper sulphate system and in hard glass tubes with 


tightly fitting rubber stoppers in the case of the ferrous sulphate 
system. These bottles and tubes were rotated in a thermostat 


_ regulated at 25° + 0-1° until equilibrium was attained. The water 


used for the ferrous sulphate system was boiled previously to 


remove dissolved air and cooled in a current of hydrogen. In this 


case the tubes were charged in an atmosphere of hydrogen and all 
air was replaced by hydrogen before they were closed. Oxidation 
of the ferrous sulphate and subsequent separation of ferric hydroxide 
were thus prevented, but when the ferrous sulphate content of the 
solutions was fairly high some difficulty was experienced in pre- 
venting oxidation. By commencing with solid salts and water, 
the amount of hydrolysis of aluminium sulphate, as noted by 
Britton (J., 1922, 121, 982), was so small that it could be neglected. 
Usually about a week elapsed before equilibrium was reached, but 
shaking was continued for a further period in all cases and a second 
analysis made. In both systems the resulting liquid phase was 
drawn quickly by suction through a cotton-wool filter into a warmed 
pipette and transferred to a weighing-bottle. The solid phase was 
drained by suction and the moist solid transferred to a weighing- 
bottle. After weighing, both liquid and solid phases were made. 
up to known volumes with water and analysed. 

Copper sulphate was estimated iodometrically and aluminium 


_ sulphate calculated by difference after determination of the total 
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sulphate. Ferrous sulphate was estimated by means of perman- 
ganate and aluminium sulphate calculated as above. The sulphate 
estimation was carried out in hydrochloric acid solution as recom- 
mended by Moser and Kohn (Z. anorg. Chem., 1922, 122, 299) 
and by Britton (loc. cit.) when aluminium is present. Almost every 
result was duplicated. 


Fie¢.! 1. 


30 


The results are expressed as g. per 100 g. of solution and “ rest ” 
respectively. 


Al,(SO,);-CuSO,-H,0. 


Solutions. Rests. 

EIEIO Es a as Pomme meee AS Cur SS) 
Al,(SO,)3. CuSQ,. H,0O. Al,(SO,4)3. CuSO,. H,0O. 

27-80 — 72-20 — — — 
26-60 2-50 70-90 44-39 0-87 54-74 
25°66 3°75 70-59 41-28 1:58 57-14 
25°64 3°83 70:53 42-59 1-49 55-92 
24°86 5-18 69-96 32°62 18:92 48°46 
24-65 5-32 70:03 4:32 52-91 42-77 
24:32 5-36 70-32 3°42 56:56 40-02 

23-18 6-11 70°71 — — — 
18-83 8-18 72-99 3°14 57-19 39°67 
18-10 8-75 73°15 eer: 4 | 54:68 41-11 
13:05 11-33 75-62 3°12 54-41 42-47 
7-50 14°69. 77°81 1:15 59-16 39°69 
3°79 16-59 79-62 0:65 61-55 37-80 


— 18-49 81-51 — — _— 
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_ These results are plotted in Fig. 1, from which it will be seen 
_ that there is no double-salt formation in the copper sulphate system. 


Al,(SO,);-FeSO,-H,0. 


Solutions. / Rests. 

reo OO | MONG Ces a ERS Tea i TL 
Al,(SO,4)s. FeSO,. H,O. Al,(SO,4)3. FeSO, H,O. 

27-80 Hs 72-20 Se Ab.i’ es 
: 26°75 2-11 71:14 45-60 0-74 53-66 
: 25-64 3°85 70-51 45-24 1-31 53-45 
| 4 25-41 4:13 70:46 34:74 5-91 59-34 
: 25-21 4-19 70:60 30°15 9-07 60:78 
23-90 5:57 70:53 29-84 9-90 60-26 
23-45 6-28 70:27 29-25 10-56 60-19 
: 23-20 6:60 70:20 28-80 10-48 60-72 
: 22-64 7-12 70-24 27-28 9-95 62:77 
: 21-62 8-06 70-33 24-48 9:87 65-65 
20-80 9-36 69-84. 28-88 13-11 58-01 
20-16 10-17 69-67 15-68 27-87 56-47 
19-37 10-60 69-98 2-09 50-42 47-49 

12-29 15-05 72-66 ie Het coe 
11-51 15-57 72:89 0-70 52-41 46°89 

6-98 18-68 74:34 oul ne hid 
6-06 19-14 74-80 0-45 52-20 47°35 

a 22-98 77-02 ee ae 


These results are plotted in Fig. 2, from which it will be seen 
that in the ferrous sulphate system a double salt with composition 
corresponding to Al,(SO,)3,FeSO,,24H,O exists. 
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The results obtained for this system differ somewhat from those 
obtained by Wirth (loc. cit.). The area of existence of double salt — 
is rather greater than that determined by him, and his solutions 
prove to be supersaturated when compared with the corresponding 
ones of Fig. 2. In trying to confirm his results, some of the solu- 
tions were shaken for periods varying from 2 to 8 weeks, but the 
results obtained were always in agreement with those given above 
within the range of experimental error. 

In Fig. 2, the line joining the point representing pure water and 
that representing the double salt Al,(SO,)3,FeSO,,24H,O cuts the 
double-salt curve. Therefore it should be possible to crystallise 
the double salt from water. To test this deduction, which is in 
conflict with conclusions drawn by Wirth, a solution of equimolecular 
quantities of aluminium sulphate (22-2 g.) and ferrous sulphate 
(9-3 g.) in 30 c.c. of water (which had been previously boiled and 
cooled in a current of hydrogen) was kept in the thermostat at 25°. 
Dry, filtered air was drawn over the surface of the solution until 
sufficient solid separated out. This was sucked as dry as possible, 
washed with alcohol and then ether, and dried in air (Found: 
FeSO,, 16-4; SO,, 41:9. Al,(SO,)3,FeSO,,24H,O requires FeSO,, 
16-4; SO,, 41-5%). The salt so obtained appeared to consist of 
fine, white needles having a silky appearance which matted together, 
especially on filtration, to give a solid, not unlike asbestos in 
appearance. 


The author desires to express his thanks to Professor E. C. C. 
Baly, C.B.E., F.R.S., for granting facilities for carrying out this 
work, to Mr. D. M. Edwards, M.C., B.Sc., for the interest he has 
taken in it, and to Professor R. M. Caven, D.Sc. 
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CCCLVII.—The Effect of Gum Arabic and other 
Emulsifiers on the Acid Hydrolysis of Esters im 
Heterogeneous Systems. 


By Ropert CHRISTIE SMITH. 


INVESTIGATIONS of the hydrolysis of methyl acetate in a homo- 
geneous system containing agar-agar (Reformatsky, Z. physikal. 
Ohem., 1891, 7, 34), gum arabic (Pearce and O’Leary, J. Physical 
Chem., 1924, 28, 51; compare, however, Shukov and Stschoukarev, 
ibid., 1925, 29, 285), or gelatin (Callow, Trans. Faraday Soc., 1915, 
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41, 55) seemed to show that the presence of the colloid had little 
or no effect on the rate of hydrolysis. 

The hydrolysis taking place in a heterogeneous system, the 
‘reactants being distributed between two immiscible phases, in 
presence of such substances as gums and other emulsifiers has now 
been studied. 

The predictions of theory for a heterogeneous reaction have 
‘already been confirmed by Goldschmidt and Messerschmitt (Z. 
physikal. Chem., 1899, 31, 235), but it is possible that in presence 
of emulsifying agents some deviation may occur. Haworth and 
Lapworth (J., 1921, 119, 765), in the reduction of nitro-compounds 
by aqueous ammonium sulphide, obtained an increased yield by 
emulsifying. As, however, the emulsifier might have acted as a 
catalyst, care must be exercised in drawing conclusions from their 
results. The experiments of the author show that some emulsifiers 
do expedite certain heterogeneous reactions and that their action is 
not catalytic. For example, the rate of hydrolysis of ethyl acetate 
in hydrochloric acid was 0-00562 c.c. (of N-solution) per minute 
in the absence of gum tragacanth and 0-00482 in its presence, 
whereas, in a heterogeneous system, the rate in presence of the gum 
was very nearly doubled. Had the effect of the gum tragacanth 
been partly catalytic the rate of hydrolysis of the ester in homo- 
geneous solution also should have increased. Similarly with 
dammar; in its presence, the rate increased in the heterogeneous 
system, but declined to 0-00434 in the homogeneous system. 

The reaction chosen first for study was the hydrolysis of ethyl 
acetate, dissolved in benzene, by hydrochloric acid in presence of 
the following emulsifiers at concentrations ranging from 0-01% to 
10%: Gums, etc.—arabic, tragacanth, copal, dammar, mastic, 
sandarac, gelatin, isinglass, soluble starch—Solids—lamp_ black, 
blood charcoal, kaolin, fuller’s earth, pumice, gypsum, barium 
sulphate, sulphur. 

In the case of the solids, irrespective of their solubility in water 
and benzene, the rate of hydrolysis varied but slightly, being some- 
times above and sometimes below the normal value; for sulphur, 
it increased at first and then diminished. In no case, however, did 
the deviation from the normal rate exceed 15%. 

In the case of the gums, some striking results were obtained, 
especially with tragacanth and dammar, the normal rate being 
increased one and a half times by the latter, and being more than 
doubled by the former, at a concentration of 1%. With 01% 
arabic, a slight increase was noticed, but the rate became slower 
with increasing concentration. The rate was diminished by gelatin 
and isinglass, not appreciably affected by mastic and sandarac, 
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and increased by soluble starch. As the concentration of traga- 
canth increased, the rate increased, even after sufficient gum was 
present to absorb all the hydrochloric acid. This result suggests a 
specific absorption of both reactants. Another factor, however, 
must be operating, otherwise gum tragacanth should increase the 
rate of hydrolysis of an ester in homogeneous solution. As the 
observed rate in the heterogeneous system depends on the con-— 
centration of the ester in the aqueous phase, it is suggested that 
the partition coefficient is materially altered by tragacanth and 
dammar; the former, owing to its absorbent nature, drawing more 
ester into the aqueous phase, and the latter, owing to its solubility 
in benzene, lowering that of the ester. 

Similar results were obtained with other esters and some of 
the emulsifiers mentioned above (see table). 


EXPERIMENTAL 


Five c.c. of N-hydrochloric acid at 25° were added to a weighed 
quantity of the emulsifying agent (ground to pass a 150-mesh 
sieve) in a ground-stoppered glass bottle of about 250 c.c. capacity, 
previously warmed to 25°. Ten c.c. of N/2-ethyl acetate (NV in 
the case of ethyl propionate and propyl acetate) in benzene were 
added, and the bottles placed in a rotary shaker of constant speed 
in a thermostat at 25°. At various intervals, after 200 minutes 
from the commencement, a bottle was withdrawn and cooled in 
ice-water for a minute in order to prevent any of the reactants 
being blown out on removal of the stopper; the whole contents 
were then titrated with standard baryta solution and phenol- 
phthalein. 

The percentage of the emulsifier is given as percentage of the 
total weight of the emulsion. Gums dispersible in water were 
left over-night with the hydrochloric acid. Blanks were always 
made to determine if there was any appreciable hydrolysis of the 
gum itself. The lamp-black was purified by heating to redness, 
treating with hydrochloric acid, and washing with water. The 
fuller’s earth was treated with hydrochloric acid to remove the 
carbonate present, and then washed till acid-free. It was found 
easier to neutralise the hydrochloric acid present with sodium 
hydroxide free from carbonate and complete the titration with 
baryta. 

In the heterogeneous reactions, during the first 5 hours, only a 
small fraction of the ester was hydrolysed. It is therefore suffi- 
ciently accurate to calculate x/t, where x = number of c.c. of V-ester 
hydrolysed in ¢ minutes. Readings were never taken more than 
6 hours from the commencement of the experiment. Hence the 
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constants in the table represent the average number of c.c. of a 
N-solution of the ester hydrolysed per minute. The constants 
for the homogeneous reactions were calculated in the usual manner, 
the unit of time being the minute. Two sets of determinations 
were made and the results of each set usually agreed within 3%. 


TaBLeE I, 
Traga- 
Ester. Normal. Arabic. canth. Dammar. Kaolin. 
Ethyl acetate ...... 0-0014 0-0012 0-0024 0-0020 0-0016 
Propyl acetate... 0-00067 0:00064 0:00093 0:00086 0-00071 
Ethyl] propionate... 0-00076 0:00077 0-00096 0:00099 0:00079 


The author takes this opportunity to thank the Carnegie Trustees 
for a grant which enabled the research to be carried out. 
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CCCLVIII.—An Investigation of the Effect of Differential 
Aération on Corrosion by means of Llectrode 
Potential Measurements, 


By A. L. McAuray and F. P. BowprEn. 


In a recent paper (American Chemical Society Corrosion Sym- 
posium, 1925; Ind. Eng. Chem., 1925, 17, 363), Evans discusses 
oxygen distribution as a factor in the corrosion of metals. The 
present investigation was undertaken with the object of measuring 
the potentials between solution and metal in the various zones 


_ recognised by Evans on a metal corroded by a partly aérated solu- 


tion. The potential differences in different zones were very clearly 
distinguished and on attempting to co-ordinate the results by 
measurements on standard surfaces it was found that the method 
provided a sensitive means of detecting the commencement of 
corrosion and recognising the state of the surface. 


EXPERIMENTAL. 


In the first set of experiments the method of preparing the 
specimens described by Evans was adopted. Sheets of zinc and 
iron were partly immersed in N/10-sodium chloride and, after 
24 hours, their surfaces were studied. Following Evans, four 
distinct zones were recognised on the corroded specimen: (1) A 
zone unwetted by the solution. (2) Azone over which the solution 
has crept, necessarily well aérated. (3) A zone beneath, but close 
to the surface of the solution, also well aérated. (4) A zone of 
deficient aération at greater depths. 
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Zones 1, 2, and 3 were bright and zone 4 was more or less badly 
corroded. Measurements were made of the single electrode poten- 
tial between N/10-sodium chloride and the various zones. 

In the second set of experiments the single electrode potentials 
between NV /10-sodium chloride and standard surfaces were measured 
under differing conditions. These surfaces were extremely sensi- 
tive to exposure either to air or to electrolyte; e.g., to obtain the 
true potential of freshly deposited electrolytic zinc, it was necessary 
carefully to plate the whole of the exposed surface, wash with water, 
and measure the electrode potential before the zinc had completely 
dried. If the surface were allowed to become dry for more than a 
few minutes, its electrical character changed completely. 

Broadly classified, all the surfaces were electrically in one of two 
standard conditions, and the rapid changes were from one to the 
other of these standard conditions. 

Method of Measurement and Apparatus.—Two distinct methods 
of measuremrent were used. In the “ A ” method the specimen was 
dry and the single electrode potential was measured between the 
metal and a drop of NV /10-sodium chloride of about 4 mm. diameter 
placed on the metal surface. It is necessary that the drop be very 
small, as otherwise the effects of corrosion by the drop are marked 
owing to differential aération. This type of measurement gives the 
true single electrode potential between solution and metal. 

In the “ B ” method of measurement the specimen, or the region 
under investigation, was flooded with sodium chloride solution or 
with water, or occasionally was immersed to a depth of 0-5 cm. 
in the solution, and the potential difference between the electrolyte 
and the metal surface was measured at different places. This type — 
of measurement gives the electrical conditions while corrosion is in 
progress. 

In the case of iron, the specimens prepared by Evans’s method 
were not allowed to dry, but were kept wet with water; this was 
necessary on account of the rapid decrease in the electrode potential 
of the corroded portion on exposure to air. 

The measurements were made against a normal calomel electrode, 
A (Fig. 1). This communicated with a tube, B, filled with N/10- 
sodium chloride, the end of which was drawn out to a hollow tip 
with a diameter of about 4 mm. This tip made contact with the 
solution above the metal plate, C. The potential difference between 
the mercury of the calomel electrode and the metal plate was 
measured by a potentiometer. The apparatus was sensitive to a 
millivolt. 

Experimenis.—In the first series of experiments, specimens of 
zine and iron were corroded by partial immersion in NV /10-sodium 
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chloride for a period varying from 12 hours to 2 days. The results 
‘ of measurements made on them by methods A and B are dealt with 
in the next section. 
: In the second series of experiments measurements were made by 
method A on the following standard surfaces : 


Zinc, freshly deposited electrolytically. 

Zinc, freshly polished with sandpaper. 

ie: Zinc, exposed to a well-aérated solution of V /10-sodium chloride 
for 2 days. 
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Zinc the surface of which had been exposed to air for a con- 
siderable time. 

Zinc which had been heavily oxidised by heating. 

Polished and oxidised iron surfaces were also examined. 


As above mentioned, all these surfaces fell into one of two broad 
classes, one characteristic of freshly deposited metal which has never 
_ been exposed to air and the other characteristic of aérated surfaces. 
Under the influence of air, or differentially aérated electrolyte, one 
surface would pass rapidly from one class to the other. 
In measuring the potential between standard surfaces and NV /10- 
sodium chloride, it was found that the potential difference varied 
with the size of the drop. A small drop on a dry surface (with the 
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exception of dried zone 4 on zinc) gave the potential associated with 
one class, but if this drop were enlarged the potential immediately 
began to acquire the characteristic of that of the other class. This 
was found to be due to electrolytic action taking place between the 
well-aérated edge of the drop and its poorly aérated centre. The 
following measurements were made to confirm this result. 

A large drop, from 1 to 2 cm. in diameter, was placed on a zine 
surface for about a minute and then blotted off, and the potentials 
where the centre and the edge of the drop had rested were measured 


with a drop about 4} mm. in diameter. The edge showed the 


potential characteristic of an aérated surface, and the centre, that 


characteristic of freshly deposited zinc. The latter very rapidly 
returned to its initial condition, and when measured was usually 


between the two conditions and falling rapidly. 
To confirm further this result, two zinc surfaces were prepared 
to simulate under very different experimental arrangements the 


conditions existing in large and small drops on the zine surface. 


The specimen corresponding to a large drop was partly immersed 


in electrolyte and corroded under conditions of differential aération. 
The potential of zone 4 was the same as the highest value obtained 


for the centre of the drop, but the zone, when visibly corroded, did 


not return to the aérated state for several days. The potential of : 


one 
~ = 


zone 3 was that of the outside of the drop. The specimen corre-_ 
sponding to a small drop was immersed in electrolyte which was 


well aérated throughout by bubbling air through it. It remained 
uncorroded and its surface after treatment for more than 24 hours 
showed the potential characteristic of the small drop on a well- 
aérated surface. 

Discussion of Results. 


In the corrosion of a metal immersed in an electrolyte, the metal 


shows an equi-potential surface owing to the small currents flowing. 


There is, however, a fall of potential down the solution, the positive 


regions being situated where the metal is most negative to the 
solution. Such a region corresponds exactly to the negative plate | 


of a simple primary cell and is called anodic. 

Figs. 2 and 3 summarise diagrammatically the general nature of 
the process that takes place. Chlorine ions move towards the 
anodic region under the influence of the electric field in the solution 
produced by the greater solution pressure in the corroded region. 


They there neutralise metallic ions, lowering the potential difference , 
between solution and metal and enabling more metallic ions to leave 


the metal. These ions on emerging restore the potential difference. 
Sodium ions migrate to the ennobled region and are neutralised by 
electrons drawn from the metal. 


! 
| 


| 
| 
| 
| 


OF DIFFERENTIAL AERATION ON CORROSION, ETC. 2609 


As a broad generalisation, two types of surface may be recognised 
classified by the potential between them and N/10-sodium chloride. 
In the case of zinc the electrode potential of the first class against the 
normal calomel electrode is generally within 15 millivolts of —1-075 
volts, but may be more negative still where the corrosion is heavy. 
Fresh electrolytically deposited zinc and zone 4 of the corroded 
metal are in this class. They are the less noble regions on the 
corrosion specimens, or the more anodic. The second class com- 
prises zones 1, 2, and 3 on corroded specimens, surfaces freshly 
polished with sandpaper, specimens exposed to uniformly aérated 
electrolyte, and all surfaces which have been exposed to air for more 
than a few minutes, with the exception of zone 4 on corroded 
‘specimens, which remains in the first class even after prolonged 
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exposure to air. ‘This second class of surface gives an electrode 
potential against the calomel electrode within about 15 millivolts 
of — 1-000 volt. Values considerably less negative than this are 
obtained with specimens oxidised by heating in air. Surfaces in 
this second class are the more noble regions on the corroded 
specimens. 

| In the case of iron, few measurements against standard surfaces 
have been made. Measurements on corroded specimens and on 
polished specimens show the same general effects as with zinc, the 
two classes of surface described above being recognised and occur- 
ting under similar conditions. ‘The first class has a potential differ- 
ence against the calomel electrode of about — 0-540 volt, the second 
class has a potential against the calomel electrode of — 0-340 volt. 
Tron surfaces of the first class, on exposure to air, very rapidly change 
to the second class. This is true for zone 4 in iron, which in zinc 
Temains true to type when exposed to air. 

VOL. CXXVII. 45S 
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Figs. 4 and 5 show, diagrammatically, corroded specimens of zinc 
and iron, respectively. The potential differences as measured by 
method A against the calomel electrode are shown on the figures. 


All these potentials given against the calomel electrode include 


the contact E.M.F. due to the liquid junction N-KCI-N/10- 


sodium chloride. No attempt was made to standardise this © 


contact, and capillary tubes and plugs of filter-paper were in- 


cluded in the circuit. It is the relative rather than the absolute 


potentials of these zones which are of value. 
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The principal results of the investigation may therefore be sum- 


marised as follows: There are two normal states in which iron and 
zine surfaces tend to exist, one a more electro-negative state 
characteristic of pure metal and corroded regions, the other a less 
electro-negative state, characteristic of aérated regions. For zinc, 


the difference in single electrode potential between these states is 


about 75 millivolts; for iron; it is about 200 millivolts. By drastic 


treatment (heavy corrosion in the first case, heavy oxidation in the 


second) the potentials in these states become more negative and 


more positive respectively. When drastically treated, the surfaces 
are visibly heavily corroded, and, in the case of zinc, do not rapidly 


change their condition without further drastic treatment. Experi- 


ments with drops have shown that surfaces having a clean bright 


appearance may be in either of the two states and then very rapidly, 


change from one state to the other with change of conditions. 


UNIVERSITY OF TASMANIA, [Received, August Tth, 1925.] 
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CCCLIX.—Production of  cycloT'elluripentanedione 
Dichlorides. 


By Givpert T. Moraan. 


[With Freprrick James Corsy, OLIveR Crecit Evins, EVELINE 
JONES, RicHARD EATOUGH KELLETT, and Cyrm JAMES ALLAN 
TAYLOR. | 


THE search for co-ordination derivatives of tellurium and the 
B-diketones led to the discovery of two new groups of cyclic 
tellurium compounds in which the diketone concerned furnishes a 
bivalent chelate group. These cyclic substunces are not the sole 
products of the condensation of tellurium tetrachloride with 
@-diketones, and certain of the diketones examined have not given 
them, but as the result of numerous experiments it now becomes 
possible to predict with a fair degree of certainty which ®-diketones 
are likely to furnish the chelate groups required to weet 
tellurium in the six-membered rings. 

Certain constitutional features must be present in a 6-diketone 
in order that it may function in the desired sense, and within the 
limits imposed by these structural requirements the reaction is 


a general one. 
TeCl, 
YON 
R: OH, CH, R” R-CH CHR” 
ee \& 
C C 
i a Aims 
Re oi R’ R’ 


Formula I represents any £-diketone which would condense 
with tellurium tetrachloride to produce a cyclic telluridichloride 
(11), provided that the substituents R, R’, and R” are of the 
appropriate chemical type. 

Acetylacetone, the simplest case, where R = R’ = R” =H, 
gives as the main product cyclotelluripentane-3 : 5-dione 1 : 1-di- 
‘chloride (formula II). It has, however, also yielded two other 
‘products both of which are non-cyclic; the first of these is the 
‘telluritrichloride, CH,-C(OEt):CH-CO-CH,°TeCl,, obtained by the 
intervention of ethyl alcohol present in ordinary chloroform, the 
second is a telluridichloride which is still enolic, 
{CH,°C(OH):CH-CO-CH,},TeCl,. 
These by- products arise evidently from ene between iota 


dum tetrachloride and acetylacetone in its monoenolic form induced 
4$2 


iran: 
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by migration of hydrogen from the median carbon atom. It is, 
however, highly probable that the main cyclic product is due to con- 
densation with a dienolic modification, CH,:C(OH)-CH,°C(OH):CHg, 
developed by twofold enolisation from the two terminal hydro- 
carbon radicals. The process probably takes place in two stages, — 
the tellurium tetrachloride first combining additively with the 
dienolic modification of the 8-diketone, giving rise to the hypo- 
thetical addition product (IV), which by subsequent loss of two” 
molecules of hydrogen chloride passes into the stable cyclotelluri- 
dichloride (II). 


TeCl, TeCl, 
Zar 
R-CH CHR R-CH CHR wa 
(.) HO-C C-OH Cl Gi Gea ; 
reid HO. eae 
CR’, CRs 


that in these condensations the tetrachlorides of selenium and 
tellurium behave dissimilarly and evoke a different response from 
the reacting tautomeric diketone. Selenium tetrachloride attacks 
the monoenolic isomeride produced by median enolisation or its 
analogously constituted copper derivative. Tellurium tetrachloride 
links up the unsaturated ends of a five-membered chain arising from 
twofold terminal enolisation. This explanation of the mechanism 
of the tellurium condensation is supported by the following 
experimental evidence. 

1. Median enolisation. So long as 2R’ in the foregoing formule _ 
represent two hydrogen atoms there is considerable tendency for 
one of these to migrate to an adjacent oxygen atom, thus giving 
rise to median enolisation. The result of this dynamic change in : 
the case of acetylacetone has already been mentioned; it leads _ 
to two non-cyclic products. Similar non-cyclic products have been _ 
noticed with propionylacetone, dipropionylmethane, di-n-butyryl- 
methane, and hexoylacetone. The last two diketones exhibit the 
interesting case of an enolic non-cyclic telluritrichloride, 
{C,H,-CH,-C(OH):CH-CO-CH(C,H;)!TeCl, and : 

{C,H,,°CH,°C(OH):CH:-CO-CH,}TeCl,. | 

It is probable that the three types of non-cyclic tellurium com-— 
pounds (O0-ethyl-trichloride and enolic trichloride and dichloride) | 
may be present in other condensations with non-3-alkylated 6-di- 
ketones, but that owing to instability and great solubility these : 
products have not been isolated, the experimental difficulties 
becoming greater as the number of carbon atoms in the chain 
increases. 


It is of general interest in connexion with dynamic isomerism 
| 
: 
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2. Lengthening of the unbranched chain. Providing that the 


_ tendency to terminal enolisation is not diminished by substitution 
_ of alkyl radicals for hydrogen in the reactive terminal methylene 


groups R-CH,:CO-CH,-CO-CH,:R’, the lengthening of hydrogen 


chain R or R’ does not prevent the formation of a cyclotelluri- 


pentanedione derivative, and the general nature of the reaction has 


_ been demonstrated by condensing such higher ketones as n-octoyl- 
_ acetone, ”-nonoylacetone, and n-duodecoylacetone (lauroylacetone) 


with tellurium tetrachloride. The last of these has yielded 2-n-decyl- 


_ cyclotelluripentane-3 : 5-dione 1 : 1-dichloride (VII), reducible to 
2-n-decylcyclotelluropentane-3 : 5-dione (VIII). 


Sufficient examples have been selected to show that the pro- 


duction of cyclotelluripentanedione dichlorides and their reduction 


to cyclotelluropentane-3 : 5-diones are general reactions for all 
-diketones having structural formula I when R and R” are normal 


_ or unbranched hydrocarbon chains. 


3. Alkylation of the median methylene group. When one R’ is 


_ hydrogen and the other an alkyl group, the tellurium condensation 
_ becomes simplified so that, although many 3-alkylated 8-diketones 
_ have been examined, only one telluriferous product has been 
_ identified in each casé. The 3-alkylacetylacetones react smoothly 


and give 4-alkylcyclotelluripentane-3 : 5-dione 1: 1-dichlorides in 


_ good yield. The 3-propylpropionylacetones (normal and iso) de- 


scribed below behave similarly and give rise to the two isomeric 
2-methyl-4-propyleyclotelluripentane-3 : 5-dione 1 : 1-dichlorides (IV). 
3-isoButylacetylacetone also condenses smoothly with tellurium 


_ tetrachloride, yielding only one product, namely, the cyclic telluri- 


dichloride (If). 
4. Branched chains on the median carbon atom. 3-isoPropyl- 


acetylacetone, (CH3),.CH°CH(CO-CH3),, and 3-isopropylpropionyl- 


acetone, (CH;),CH-CHAc:CO-C,H,, furnish interesting examples of 
the influence of chemical structure on median enolisation. They 
differ from their n-propyl isomerides in giving neither ferric nor 
cupric derivatives. 3-isoButylacetylacetone, 


(CH,),CH-CH,-CH(CO-CH,),, 


in which a methylene group is interposed between the branched 


chain and the median carbon atom, gives, however, both ferric and 
cupric derivatives just as readily as 3-n-butylacetylacetone (J., 1924, 


125, 763). But although ordinary median enolisation is inhibited 


in the 3-isopropyl-8-diketones, they react with tellurium tetra- 
chloride to give cyclic telluridichlorides. If enolisation is an 
essential concomitant of the primary phase in this condensation, 
it is therefore more probably terminal than median. 

5. 3: 3-Dialkylated 8-diketones. The fact that 3 : 3-dimethy]- 
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and 3: 3-diethyl-acetylacetone both give cyclic telluridichlorides 
‘3 conclusive evidence that any preliminary enolisation must be 
terminal, since in these cases the possibility of median enolisation 
is absent (Morgan and Drew, J., 1924, 425, 735, 1601). 

6. Terminal branching chains. In formula I the terminal chains 
are represented by the symbols R-CH,— and —CH,R”’, and it has 


been found that cyclic. telluridichlorides are not produced unless _ 


both methylene groups are present: If cyclic condensation is — 
prevented entirely by the conversion of one CH,R group into 


CHRR’, the 8-diketones with one such branching chain give only 
non-cyclic telluritrichlorides and dichlorides. 

With two terminal branching chains, as in diisobutyrylmethane, 
the formation of telluriferous products is reduced to a minimum, 
90°, of the tellurium is set free, and the only telluriferous product 
is a non-cyclic telluritrichloride formed to a very slight extent 
(Morgan and Taylor, this vol., p. 797). 

7. Influence of aromatic groups. Benzoylacetone is incapable of 
twofold terminal enolisation and gives rise only to non-cyclic 
telluriferous compounds, and for similar reasons ill-defined products 
are obtainable from dibenzoylmethane. 

When present in the positions indicated by R, R’, and R”, phenyl 
radicals prevent completely the formation of cyclotelluridichlorides 
unless a methylene group is interposed. This intervention is 
effected at the median carbon atom by benzylating the sodium 
derivative of @-diketone as in 3-benzylpropionylacetone, which 
condenses to form 4-benzyl-2-methylcyclotelluripentane-3 : 5-dione 
1.: 1-dichloride (V1). 

3-Benzyl- and 3: 3-dibenzyl-acetylacetones have also been 
converted into cyclic telluridichlorides, although condensation did 
not occur with 3: 3-di-p-nitrobenzylacetylacetone (Morgan and 
Taylor, loc. cit.). | 

A benzyl group was introduced into terminal position R or R” 
(formula I) by operating with 6-phenylpropionylacetone, which 
underwent condensation with tellurium tetrachloride in the normal 
way, for although the cyclic telluridichloride was not isolated in a 
state of purity, it was identified by conversion into its reduction 
product, 2-benzyleyclotelluropentane-3 : 5-dione (V). 


Te Te 
Nase Lie 
CH,Ph-CH UH, CH,CH 0H, 
(V.) oc CO oc co. (VI) 
hasesah Wad 
SH, (HR 


R = n- or iso-C,H, or CH,Ph. © 
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8. Reduction of cyclotelluripentanedione dichlorides to cyclo- 
telluropentanediones. Apart from the chemical significance attach- 
ing to the new group of cyclic telluridichlorides, these derivatives 
are of interest from the point of view of chemical bacteriology, 
because each member of the group is readily reducible to a cyclo- 
telluropentanedione (V and VI), the reaction being a general one. 
Many of these cyclic telluro-derivatives are sufficiently soluble 


in cold water to impart to the aqueous solutions outstanding 


germicidal properties. The most powerful bactericide of the series 
is 2: 6-dimethylcyclotelluropentane-3 : 5-dione (from dipropionyl- 
methane), but as this derivative is difficult to produce in large 
amount the next most efficient members have been most exten- 
sively employed in bacteriological tests. These substances are 
2-methylcyclotelluropentane-3 : 5-dione (from propionylacetone) and 
its 3-alkylated homologues. ‘The methyl and ethyl derivatives have 
already been prepared, whereas the n- and iso-propyl compounds 
and the benzyl derivatives, all symbolised by the general formula VI, 
are described in the experimental part of this communication. — 

9. Oximes of cyclotelluropentane-3 : 5-diones. The chemical con- 
stitution ascribed to cyclotelluropentane-3 : 5-diones (V and VI) 
as the result of the preceding experimental proofs is confirmed by 
the oximation of these substances. 

In general, both monoximes and dioximes are obtainable, 
although it is evident that the progress of this reaction is affected 
by steric hindrance. 

2-Methylcyclotelluropentane-3 : 5-dione resembles cyclotelluro- 
pentane-3 : 5-dione, the simplest member of the series, in yielding 
chiefly the dioxime, whereas 2-methyl-4-ethylcyclotelluropentane- 


-$:5-dione yields both mono- and di-oximes and the monoxime 


is never entirely absent even when drastic oximation is employed. 
These examples and the earlier cases (Morgan and Drew, Morgan 
and Taylor, loc. cit.) demonstrate the presence of two ketonic 
carbonyl groups in the cyclotelluropentane-3 : 5-diones. 


EXPERIMENTAL. 
[With FrepERick JAMES CORBY.] 
1. 2-Methyl-4-propylcyclotelluropentane-3 : 5-dione (V1). 
Sodium propionylacetone (23 g.), made from the diketone in 
dry ether, was heated for 8 hours with 80 g. of n-propyl iodide; 
reaction commenced at 115°, the temperature was maintained at 
130° for 2 hours, and finally raised to 150°. The cooled mixture 


was added to water, the aqueous layer extracted with ether, and 
the ethereal extract added to the organic layer. The latter on 
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fractionation furnished n-propylpropionylacetone, b. p. 210°/750 mm. 
with slight decomposition. This n-propyl diketone gave an intense 
bluish-purple coloration with ferric chloride quite distinct from the 
blood-red tints obtained with the non-3-alkylated diketones. The 
new diketone had a pleasant terpenoid odour and yielded with 
ammoniacal cupric acetate a greenish-grey, voluminous precipitate 
of copper 3-n-propylpropionylacetone, readily soluble in acetone, 
methyl and ethyl alcohols and crystallising from benzene in~ 
greenish-grey, silvery needles melting and decomposing at 178° 
(Found: Cu, 16:8. C,,H90,Cu requires Cu, 17-0%). 
2-Methyl-4-n-propyleyclotelluripentane-3 : 5-dione 1:1-Dichloride, 
CH,-[CH,],-CH<op, Ont CH Tech 
—After heating under reflux for 14 a a mixture of 6 g. of 3-n- 
propylpropionylacetone, 5-7 g. of tellurium tetrachloride, and 50 c.c. 
of chloroform, the orange filtrate from tellurium was concentrated 
in a vacuum over calcium chloride until crystals of the telluri- 
dichloride separated. The mother-liquor after extraction with 
light petroleum to remove unchanged diketone was again con- © 
centrated, and the process repeated so that three crops of crystals 
were obtained (yield 62°,). Recrystallised from chloroform, the 
dichloride separated in colourless prisms darkening at 145°, blacken- 
ing at 150° (Found: Cl, 20:2; Te, 35-9. C,H,,0,Cl,Te requires 
Cl, 20:2; Te, 36-15%). 

When suspended in ice-cold water and treated with potassium 
metabisulphite, the dichloride was readily reduced to 2-methyl- 
4-n-propylcyclotelluropentane-3 : 5-dione (V1), with slight deposition 
of tellurium. The product was soluble in water, but less soluble 
than its 3-methyl analogue; it was recovered from aqueous solution 
by benzene. It was obtained from methyl alcohol in golden- 
yellow crystals, m. p. 102° with slight decomposition (Found : 
C, 38-3; H, 5-1; Te, 44-9. C,H,,0,Te requires C, 38-4; H, 5-0; 
Te, 45-2%). | 


2. 2-Methyl-4-isopropylcyclotelluropentane-3 : 5-dione (V1). 


Sodium propionylacetone (23 g.) was heated with 120 g. of 
isopropyl iodide for 8 hours at 130°. The cooled mixture was 
poured into water and the two layers were worked up as in the 
case of the n-propyl isomeride. 

3-isoPropylpropionylacetone, CH;°*CH,*CO-CH(CHMe,)-CO-CHsg, 
boiled at 195°/750 mm. with slight decomposition; it differed 
from 3-n-propylpropionylacetone in not developing any ferric 
coloration and in not giving a copper derivative with ammoniacal 
cupric acetate. 
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2-Methyl-4-isopropyleyclotelluripentane-3 : 5-dione 1 : 1-Dichloride, 
; COC 
(CH,),CH CH<60.CH(CH,)> EeCle: 


—Ten g. of the preceding diketone, 9 g. of tellurium tetrachloride, 
and 80 ¢.c. of purified chloroform were heated under reflux for 
2 hours and the orange filtrate was concentrated to the crystallising 
point. The subsequent procedure was the same as in the case of 
the n-propyl isomeride, and the telluridichloride crystallised in 
colourless, glistening prisms darkening at 168° and blackening at 
173° (Found: Cl, 20-1; Te, 35-8. C,H,,0,ClL,Te requires Cl, 
B02) 1O9,36-17%,). 

Reduction in the normal way led, with liberation of free tellurium, 
to 2-methyl-4-isopropylcyclotelluropentane-3 : 5-dione (VI); this pro- 
duct crystallised from methyl alcohol in light yellow needles, 
m. p. 127°; it was much less soluble in water than the corresponding 
n-propyl compound (Found: C, 38:5; H, 5:05; Te, 44-85. 
C,H,,0,Te requires C, 38-4; H, 5-0; Te, 45-1%). 

An attempt was now made to prepare a third isomeride of the 
foregoing isomeric propyltelluro-derivatives. 3-Methylpropiony]l- 
acetone, prepared by the method formerly described (J., 1924, 
125, 745), was dissolved in dry ether and converted into sodium 
salt. The latter was heated with 3 parts of ethyl iodide in an 
autoclave for 6 hours at 180°, the pressure being 10 atmospheres. 
The dialkylated diketone was extracted from the mixture by the 
procedure adopted for the two propylated diketones. On fraction- 
ation, 3-methyl-3-ethylpropionylacetone distilled at 118°/10 mm. 
(yield 25%). The diketone, which had a fragrant odour, gave 
neither coloration with ferric chloride nor precipitate with am- 
-moniacal cupric acetate. 

In the condensation with tellurium tetrachloride and 3-methy]l- 
3-ethylpropionylacetone, tellurium was deposited and a consider- 
able amount of tar was produced; the telluridichloride was not 
isolated, although it was probably present in the brown, tarry 
chloroform solution, since this changed to bright yellow on treat- 
ment with aqueous metabisulphite. 


3. 4-Benzyl-2-methylcyclotelluropentane-3 : 5-dione (VI). 
3-Benzylpropionylacetone.—Sodium propionylacetone (34 g.) was 
heated under reflux with 13 g. of rectified benzyl chloride for 
8 hours at 140°, the product being worked up as in the case of 
the propylated diketones. The benzylated diketone, which dis- 
tilled at 185°/20 mm., was a colourless liquid with fragrant odour ; 
it developed an intense reddish-violet coloration withgierric chloride 


and with ammoniacal cupric acetate it yielded a copper derivative 
4 s* 
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readily soluble in alcohol, acetone, or benzene to dark olive-green 
solutions. Copper 3-benzylpropionylacetone crystallised from these 
solvents in pale grey, silvery needles, m. p. 182° (Found: Cu, 
13-4. C,,H590,Cu requires Cu, 13-5%). | 

4. Benzyl-2-methyleyclotelluripentane-3 : 5-dione 1:1-Dichloride, — 


O,H,-CH, CHE, ont OH, Tel, 


—The orange solution obtained by heating 8-5 g. of 3- beneyls 
propionplacetonie, 5-8 g. of tellurium tetrachloride, and 50 c.c. of 
dry chloroform for 2 hours was decanted from tellurium and con- 
centrated in a vacuum to the crystallising point. The mother- 
sha was treated as in the case of the propylated dichlorides, and 

5 g. of telluriferous product were obtained. Recrystallised ford 
acetone, the telluridichloride separated in colourless, glistening 
prisms, m. p. 168° (Found: Cl, 17-7; Te, 31-8. C,3H,,0,Cl, Te 
requires Cl, 17-75; Te, 31-7%). 

Suspended in water and reduced with potassium motableakphite) 
the dichloride yielded 4-benzyl-2-methylcyclotelluropentane-3 : 5-dione 
with very slight elimination of tellurium. This telluro-derivative 
crystallised from methyl alcohol in yellow needles, m. p. 124° with 
decomposition. The crystals did not sublime in a vacuum and 
were only slightly soluble in water (Found: C, 47-5; H, 4:4; Te, 
38:4. C,,H,,0,Te requires C, 47-3; H, 4-3; Te, 38-8%). 


| 


[With EvELINe JONES. | 
1. 3-isoButylacetylacetone, (CH,),CH-CH,°CH(CO-CHs),. 


Rectified isobutyl iodide (b. p. 117—-120°) was obtained in 60% 
yield by Blaise’s method (Bull. Soc. chim., 1911, 9, 1). A mixture 
of 161 g. of this iodide and 52 g. of sodium acetylacetone con- 
tained in a stoppered glass bottle was heated gradually in a rotating 
autoclave to 170°, and was maintained at this temperature for 
an hour (pressure 150 lb. per sq. inch). The liquid contents of 
the bottle were drained from sodium iodide and unchanged sodium 
acetylacetone, and the latter solids were extracted with ether. 
The oil and ethereal extracts were distilled together up to 124° to. 
remove solvent and isobutyl iodide, and the residue was fractionated 
under reduced pressure; the fraction distilling at 93—94°/10 mm. 
consisted of 3-isobutylacetylacetone, which developed a_bluish-. 
purple coloration with ferric chloride and was purified by con- 
version into its copper derivative by interaction with ammoniacal 
cupric acetate. Copper isobutylacetylacetone crystallised from petro- 
leum (b. p. @#9—80°) in well-defined, steel-grey needles, m.-p. 158° 
(Found: Cu, 16-9. C,,H.90,Cu requires Cu, 17-:0%). ; 
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4-isoBuiyleyclotelluripentane-3 : 5-dione 1 : 1-Dichloride, 
(CH,),CH-CH,-CH<(0" GH TEC. 

—A mixture of 5-8 g. of isobutylacetylacetone and 5 g. of tellurium 
tetrachloride in 40 c.c. of purified dry chloroform was heated on 
the water-bath for 1—2 hours. The filtrate from a small deposit 
of tellurium was concentrated at the ordinary temperature until 
-acicular crystals separated. Recrystallised from acetone or chloro- 
form, the dichloride separated in well-defined, colourless needles, 
m. p. 142° (yield 2 g.) (Found: Cl, 20-3; Te, 36-4. C,H,,0,TeCl, 
requires Cl, 20-1; Te, 36-2%). 

4-isoButylcyclotelluropentane-3 : 5-dione, 

(CH,),CH-CHyCH<C0. CH >Te. 

—The foregoing dichloride when reduced meh aqueous potassium 
metabisulphite yielded a yellow solid sparingly soluble in water. 
Recrystallised from benzene, the telluro-derivative separated in 
yellow leaflets, m. p. 150° (Found: C, 38:4; H, 5-0. (©,H,,0,Te 
requires ©, 38:4; H, 5:0%). 


2. B-Phenylpropionylacetone, C,H;*CH,°CH,°CO-CH,-CO-CHs. 
Ethyl 6-phenylpropionate, prepared by boiling 209 g. of 8-phenyl- 
propionic acid for 2 hours with 900 c.c. of absolute alcohol con- 
taining 30 g. of hydrogen chloride, was fractionated until boiling 
at 244245°. The Claisen condensation was carried out with 
acetone and sodium in calculated quantities and ethyl #-pheny]l- 
propionate (3 mols.), the acetone being diluted with six times its 
volume of dry benzene. After 12 hours, the mixture was heated 
on the water-bath, cooled, and poured on to ice, the aqueous layer 
being treated successively with acetic acid and cupric acetate. 
The precipitate consisted of a mixture of copper 8-phenylpropionate 
and copper 8-phenylpropionylacetone, which were separated by 
fractional crystallisation from benzene, the latter compound being 
the more soluble. When purified, it had a greyish-blue colour 
and melted at 158° (Found: Cu, 14:4. C,,H,,0,Cu requires Cu, 
14-4°%). 
2-Benzyleyclotelluripentane-3 : 5-dione 1 : 1-Dichloride—Hydrogen 
chloride was evolved with a slight deposition of tellurium when 5 g. 
of tellurium tetrachloride, 5-3 g. of 8-phenylpropionylacetone, and 
40 c.c. of purified chloroform were heated on the water-bath for 
2 hours. The solution was concentrated in a vacuum desiccator 
_to a dark brown jelly and stirred with light petroleum, but the 
-Semi-solid mass showed no tendency to orystallise and accordingly 
it was reduced with aqueous potassium AS atte ied at when a 


© 
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yellow solid separated mixed with tarry matter and tellurium. 
After extraction with hot alcohol, the golden- yellow filtrate yielded — 
2-benzylcyclotelluropentane-3 : 5-dione (V) in small, yellow akot : 
decomposing at 159° (Found: C, 45-8; H, 3:9; Te, 41-0. 


C,,H,,0,Te requires C, 45-6; H, 3-8; Te, 40-4%). 


[With Cyrin JAMES ALLAN TAYLOR.] 


1. Copper duodecoylacetone, prepared by the Claisen condens- 
ation from methyl undecyl ketone (Morgan and Holmes, J. Soc. 
Chem. Ind., 1925, 44, 108r), was decomposed with sulphuric acid 
in presence of ether. The free @-diketone obtained from the 
ethereal layer melted at 31—32° and had the characteristic pro-— 
perties of its series. 
_ 2-n-Decylcyclotelluripentane-3 : 5-dione 1: 1-Dichloride (VII). 

(VII.) C9Hy1CH-TeCl,-CH, Ci 9Hy"CH—Te— CH, 
OC—CH, 40 OC—CH CO 


—Four g. of tellurium tetrachloride and 5 g. (1:5 mols.) of duo- 
decoylacetone were heated in chloroform solution for 3 hours. 
The dark brown oil obtained on evaporation was extracted repeatedly 
with petroleum (b. p. 40—60°) to remove unchanged diketone and 
then left for 1 month in a vacuum desiccator. Crystallisation set 
in and the solid product was stirred successively with carbon 
tetrachloride and petroleum. The warm benzene extract of this 
product was diluted with excess of petroleum, when silvery-white 
flakes separated (yield 21%) (Found: Cl, 164; Te, 29-4. 
C,;H,,0,Cl,Te requires Cl, 16-3; Te, 29-2%). 

2-n-Decylcyclotelluripentane-3 : 5-dione | : 1-dichloride was readily 
soluble in cold benzene, chloroform, or acetone, less soluble in 
carbon tetrachloride, and dissolved only sparingly in petroleum ; 
it melted at 89°. 

2-n-Decylcyclotelluropentane-3 : 5-dione (VIII), obtained by the 
reduction ‘of the preceding substance with alkali bisulphite, crystal- 
lised from aqueous alcohol in pale yellow, woolly masses, m. p. 
98—99° (decomp.) (Found: C, 49-1; H, 7-1. C,;H,,O0,Te requires 
C, 49-25; H, 7-1%). 

This telluropentanedione derivative was readily soluble in cold 
benzene or alcohol, insoluble in water, but dissolved in dilute 
aqueous caustic soda, especially on warming; on prolonged boiling, 
tellurium was deposited. 


(VIIL.) 


2. Tellurium Tetrachloride and 3-Phenylpropionylacetone. 


Four g. of tellurium tetrachloride were added to 6-0 g. (2 mols.) 
of 3-phenylpropionylacetone (Ber., 1925, 58, 340) in 25 C.c. 
of chloroform, and the solution was boiled for 1—2 hours. After 
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evaporating off the solvent, the tarry residue was extracted twice 
with light petroleum and digested with carbon tetrachloride, and 

the solution in this solvent concentrated, when crystallisation 
set in. The product, which was much discoloured, separated from 
carbon tetrachloride in colourless lamellae, m. p. 64—68°. It gave 
the enolic reaction with ferric chloride and was very sensitive to 
moisture; it did not evolve the earthy odour of an O-ethyl 
8-diketone with cold alkali. 

_ The condensation was varied by changing the proportion of di- 
ketone, but the products were similar and contained about 19-4% 
of chlorine, with C, 27-1; H, 2:6%%. These numbers did not corre- 
spond with the values calculated for a cyclic dichloride, X’’TeCl,, 
or for di- and tri-chlorides of the type X’TeCl, and X’,TeCl,. The 
reduction product with alkali bisulphite was unstable. It was 
therefore evident that the condensation of 3-phenylpropiony]- 
acetone with tellurium tetrachloride did not lead to a derivative 
of the cyclotelluripentanedione dichloride series. 


[With Richarp EHatoucH KELLETT. | 


1. 2-Methylcyclotelluropentane-3 : 5-dione Dioxime, 
CH,-CH —Te—CH, 
NOH: O—CH, et NOH. 
—Two g. of hydroxylamine Gini in 30 c.c. of water were added 
to 0:7 g. of 2-methylcyclotelluropentane-3 : 5-dione (J., 1923, 123, 
450) in 50 c.c. of water; the solution was neutralised with sodium 
hydroxide and warmed on the water-bath. The crude oxime 
separated, on cooling, in minute, yellow crystals. Extraction of 
this precipitate with boiling benzene gave a small amount of 
soluble product, probably monoxime, blackening at 135—150°. 
‘The residue dissolved in warm alcohol and separated in greyish- 
yellow crystals darkening at 153° and melting sharply at 161-5° 
(Found: N, 10-4; Te, 47- 0. C,H,)0.N.Te requires N, 10-4; Te, 
47-3%). 

The dioxime was insoluble in hot water or benzene. 

2. The Oximes of 2-Methyl-4-ethylcyclotelluropentane-3 : 5-dione. 
—Two g. of hydroxylamine sulphate in 50 c.c. of water were added 
to 0-7 g. of 2-methyl-4-ethylcyclotelluropentane-3 :5-dione (J., 
1924, 125, 758) in 50 c.c. of warm alcohol. Sodium acetate was 
added with sufficient water to bring the reagents into solution 
when heated on the water-bath. Some tellurium separated and 
after 10 minutes the cooled solution deposited a voluminous mass 

of yellow crystals; the greater part of this dissolved readily in 
warm benzene, but the nitrogen content of the crystallised product 
was 7-7, that is, intermediate between 5:0 and 9-4 required for 
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the mono- and di-oximes respectively. The mixture was extracted 
with either boiling water or a small amount of benzene. After 
repeated crystallisation, the more soluble monoxime was isolated 
in bright yellow crystals blackening at 135° and melting at 157° 
(Found: N, 5-1; Te, 45-1. C,H,,0,NTe requires N, 5-0; Te, 
45-1%). 3 

2-Methyl-4-ethyleyclotelluropentane-3 : 5-dione monoxime (1X) was 
only sparingly soluble in hot water and decomposed slightly in 
aqueous solution. 


x.) CHs' GH te— CH CH,‘CH—Te—CH, | ae) 
OC-CHEt-C:‘NOH NOH:C-CHEt-C:NOH 


2-Methyl-4-ethylcyclotelluropentane-3 : 5-dione Dioxime (X).— 
Oximation to the dioxime was never complete, even on carrying 
out the condensation in solutions rendered alkaline with sodium 
hydroxide, either by direct treatment of the diketone or by the 
further action of hydroxylamine on the monoxime. The mixed 
products from either of these operations were extracted with 
boiling benzene to remove monoxime, and the residues crystallised 
from boiling alcohol, in which they dissolved without decomposi- 
tion. The dioxime separated as a greyish-yellow, crystalline powder 
blackening at 170° and decomposing at 182° (Found: N, 9:7; 
Te, 42:7. C,H,,0,N,Te requires N, 9-4; Te, 42-85%). 

The dioxime is practically insoluble in hot water or cold benzene, 
more soluble in the latter on boiling, and dissolves with slight 
decomposition in warm acetylacetone. 


[With Oxtver Crom ELVINS.] 


1. 4-sec.-Butyleyclotelluripentane-3 : 5-dione Dichloride. 


sec.-Butyl alcohol, synthesised by Wood and Scarf’s process (J. 
Soc. Chem. Ind., 1923, 42, 137) (74 g.), was converted into sec.-butyl 
iodide by treating with red phosphorus (20 g.) and iodine (128 g.), 
the latter reagent being added in small quantities. After warming 
the mixture, the iodide was distilled off, washed with aqueous 
sodium carbonate, dried, and fractionated (b. p. 117—118°). 

3-sec.-Butylacetylacetone, (CH,°CO),CH*CH(C,H;)°CH;, was ob- 
tained by heating in a rotating autoclave at 140—160° for 2 hours 
(pressure 120 lb. per sq. inch) 35 g. of sodium acetylacetone and 
10 g. of sec.-butyl iodide. The resulting mixture was filtered, the 
sodium iodide washed with ether, and the combined filtrates were 
distilled first under the ordinary and then under reduced pressure. 
The fraction boiling at 110—113°/13 mm. was again rectified until | 
it ceased to give the red coloration with ferric chloride. The | 
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final product boiled at 109—111°/13 mm., but the yield was only 
9°% of theory. 

3-sec.-Butylacetylacetone gave no copper derivative with am- 
moniacal copper acetate, but underwent condensation with tellurium 
tetrachloride. A chloroform solution (30 c.c.) of the latter reagent 
(2-9 g.) and diketone (2-5 g.) evolved hydrogen chloride on boiling 
and 0-2 g. of tellurium was set free. The filtrate, concentrated 


in a vacuum to a brown tar, solidified on treatment with light 


petroleum. The solid product crystallised from benzene in lustrous, 
colourless, prismatic needles darkening at 162° and melting at 
168—169° (yield 37%) (Found: Cl, 20-0. C,H,,0,Cl,Te requires 
i, 20:1%), 

4-sec.-Butyleyclotelluripentane-3 : 5-dione 1:1-dichloride (XI) 
was reduced with aqueous sodium bisulphite and the insoluble 


reduction product was extracted with benzene and crystallised 


from alcohol. 


CH,-TeCl,-OH, CH, —Te—CH, 
(XI) co—cH—Co GO—CH—CO (XII) 
CH,-CH-C,H, CH,-CH-C,H, 


4-sec.-Butylcyclotelluropentane-3 : 5-dione (XII) was obtained in 


primrose-yellow needles, m. p. 145° (Found: C, 38-2; H, 5:3. 
_ C,H,,0,Te requires C, 38-45; H, 5-0%). 


2. 4-sec.-dl-Amylcyclotelluripentane-3 : 5-dione 1 : 1-Dichloride. 


OH,—TeCl,-OH, CH,—Te—CH, 
cut) &¢o0—cH—éo bo—cH—Co (XIV.) 
OH,-CHMeEt CH,-CHMeEt 


: —An intimate mixture of 52 g. of dl-amyl iodide and 20 g of sodium 
_ acetylacetone was maintained at 130° for 2 hours in the rotating 


autoclave (100 lb. per sq. inch), and finally at 160° for 30 minutes. 


The oily product and the sodium iodide were treated as in the 


preceding preparation (p. 2622). dl-sec.-Amylacetylacetone was 
obtained as an oil, b. p. 116°/15 mm. (yield 36%). In alcoholic 


| solution this 3-alkylated diketone developed a purple coloration 
_ with ferric chloride, the liquid becoming blue on addition of water. 


With ammoniacal cupric acetate the copper derivative was obtained ; 
it crystallised from methyl alcohol in greenish-grey needles, m. p. 
120°, and was very soluble in chloroform, benzene, or petroleum 
(b. p. 80—100°), but dissolved only slightly in light petroleum 
(b. p. 40—60°) (Found: Cu, 16-2. C, 9H3,0,Cu requires Cu, 
15-9%). 

Condensation of the diketone and tellurium tetrachloride was 
effected in purified chloroform, and the cyclic dichloride extracted 


as in the preceding preparation (p. 2623), the yield being 35%. 
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4-sec.-Amylcyclotelluripentane-3 : 5-dione dichloride (XIII) crys- 
tallised from benzene in colourless, lustrous, prismatic needles 
darkening at 136° and melting at 162° (Found: Cl, 19-6; Te, 34-5. 
C,)H,,0,Cl,Te requires Cl, 19-3; Te, 34-8%). 

4-sec.-Amylcyclotelluropentane-3 : 5-dione (XIV), obtained from 
the preceding dichloride by reduction with bisulphite, crystallised 
from benzene or dilute alcohol in pale yellow leaflets, dissolving 
sparingly in hot water and soluble in benzene, but insoluble in 


petroleum (b. p. 40—60°); m. p. 138—139° (Found: OC, 40-9; | 


H, 5-7. C, 9H,,0.Te requires C, 40-6; H, 5-45%). 


Although the two foregoing telluriferous compounds containing | 


sec.-amyl groups were obtained as crystalline products, the con- 
densation of tellurium tetrachloride with 3-sec.-amyldipropionyl- 
methane resulted in oily products. This 3-alkylated diketone was 
obtained without using the autoclave by heating under reflux 
20 g. of sec.-amyl iodide and 5 g. of sodium dipropionylmethane for 


1 hour at 140—145°; sodium iodide separated slowly and the oily — 


product on distillation yielded 2-5 g. of the diketone, b. p. 137°/15— 

17 mm., which developed a purple coloration with ferric chloride. 
Copper 3-sec.-amyldipropionylmethane was slowly formed on 

shaking the diketone with ammoniacal cupric acetate. Crystallised 


from petroleum, b. p. 60—80°, it separated as a greenish-grey | 
meal, m. p. 105°; it was very soluble in benzene or chloroform : 


(Found: Cu, 14-5. C,,H,,0,Cu requires Cu, 13-9%). 

Addendum.—In addition to the copper derivatives obtained as 
above from the open-chain diketones, the following metallic deriv- 
atives from the cyclic acetylmethylcyclohexanone (Leser, Bull. Soc. 
chim., 1900, 23, 370; 1901, 25, 196) were examined. The diketone 
employed had Di 1-024 and [«]%,, + 105:8°. Its copper deriv- 
ative was examined for the presence of isomerides by fractional 
crystallisation from alcohol, but no change in the melting point 
(186°) was noticed. A benzene solution was too deeply coloured 
for determination of its rotation. 

Berylium Acetylmethyleyclohexanone, Be(CyH,3,0,)2—On shaking 


together a concentrated solution of beryllium acetate containing | 


sodium acetate and 1-5 g. of acetylmethylcyclohexanone in 30 c.c. 
of alcohol, a white precipitate of the beryllium derivative was 


obtained in quantitative yield. This product was very soluble in 
benzene or chloroform; evaporation of the latter solution led to a 
glass which became crystalline on rubbing. Minute crystals 


obtained from petroleum (b. p. 80—100°) melted at 159—160°. 


Four crops of crystals obtained by fractionation from petroleum | 


were examined at 17° in the polarimeter (0-5 g. in 10 c.c. of benzene; 


I= 1). The rotations and melting points remained constant: 
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a 2-66°, 2-67°, 2-66°, 2-68°; m. p. 160°, 159-5°, 160°, 159-5°; whence 
[o|5gs + 106-4° or [M]-+ 335° (Found: Be, 2-95. C,sH,,0,Be 
requires Be, 3-0%). 
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CCCLX.—Interactions of Tellurium Teirachloride and 
Monoketones. 


By Gitpert T. Morean and OLiver Ceci. ELVINs. 


A COMPREHENSIVE study of the interactions of tellurium tetra- 
chloride and §-diketones summarised in the preceding communi- 
cation furnishes considerable experimental evidence in support of 
the view that condensations leading to cyclotelluripentanedione 
dichlorides are due, not to median enolisation of the 6-diketones, 
but to a twofold terminal enolisation of these tautomeric substances. 
Tellurium tetrachloride combines additively with the two double 
linkings, a ring structure is set up, and then by loss of hydrogen 
chloride (2 mols.) the telluripentanedione ring is stabilised, this 
condensation being characteristic of the majority of known 
6-diketones (see p. 2612). 

If this explanation of the cyclotelluripentanedione condensation 
is correct, then it should be possible to bring about an interaction . 
between tellurium tetrachloride and a monoketone, provided that 
the latter is capable of enolisation. The general chemistry of the 
monoketones provides many examples of reactions explicable on 
the supposition that the immediately effective reagent is a dynamic 
isomeride produced by enolic change : 


R-CO-CH, —- R-C(OH):CH,. 


Our earlier knowledge of organic tellurium derivatives is derived 
largely from the researches carried out by Michaelis and his pupils 
in the Rostock laboratories. An investigation dealing inter alia 
with monoketones is due to Rust (Ber., 1897, 30, 2833), who 
described the reaction in anhydrous ether between tellurium tetra- 
chloride and acetophenone as leading to telluriwm bisacetophenone 
dichloride (“‘ dichlorotelluroacetophenon ”’), yellowish-white needles, 
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m. p. 186—187°. We have confirmed this observation except as 
regards the colour; we cannot substantiate the statement that 
‘Mit gewdhnlichen Aceton gelang es jedoch nicht, ein solches 
Produkt zu erhalten.”’ | 

Although the experimental difficulties are greater in the case 
of acetone than with some of its immediate homologues, neverthe- 
less interaction does occur with the formation of telluriwm bisacetone 
dichloride, (CH,*CO-CH,),TeCl,. The yield is small—about 17% 
of theory—-due to the comparative instability of the purely aliphatic 
dichloride and also owing probably to the formation of an even 
more readily hydrolysable trichloride. The latter supposition is 
confirmed on passing to the next homologues of acetone, methyl 
ethyl ketone and diethyl ketone, which furnish, respectively, 
in excellent yield ¢ellurium methylethylketone trichloride, 
CH,'CH,"CO-CH,"TeCl;, and tellurium diethylketone trichloride, 
CH,°CH,°CO-CH(CH,)-TeCl. 


The lengthening of the normal chain in di-n-propyl ketone does | 


not appreciably modify this tendency, for in this case also the sole 
product is tellurium di-n-propylketone trichloride, 
CH,°[CH, ],"*CO-CH(C,H;)-TeCl,. 

On the other hand, methyl n-propyl ketone, methyl isopropyl 


ketone, methyl n-butyl ketone, and methyl isobutyl ketone resemble | 


acetone itself in furnishing dichlorides (pp. 2628-9). 


Accordingly the two modes of reaction may be generalised as | 


follows : 
1. R:C(OH):CHR’ Dh R-C(OH)-CHR’ as R:CO: ‘CHR’ 
03 former =, Cl TeCl, (I.) TeCl. 3 
2. R:C(OH):CHR’ R:CCl(OH): CHR’ 
Cl,——TeCl, .—> TeCl, —> (R-CO-CHR’),TeCl,. 
R:C(OH):CHR’ R:CCl(OH): CHR’ (II.) 


The case of pinacolin, or methyl iert.-butyl ketone, is noteworthy, 
for in this instance both products were identified, namely, telluriwm 
pinacolin trichloride (III) and tellurium bispinacolin dichloride (1V). 


(CH, 
(III. ) CHC: -CO-CH,'TeCl, Vou? po -CO-CH, | TeCl, (IV.) 
CH, [CH we 


With pinacolin the enolisation can occur only in one way, whereas 
in the other foregoing unsymmetrical ketones there are alternative 
possibilities of enolic change and these complications combined with 
the hydrolysable nature of the trichlorides have prevented the 
isolation of both telluriferous products. The respective solubilities 
of the di- and tri-chloro-derivatives vary irregularly with the 
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ascent of the homologous series, so that, except in the case of the 
pinacolin products, only the less soluble compound is isolated. 

Moreover, with the substitution of alkyl radicals for the hydrogen 
atoms of acetone there will be a diminished tendency for enolisation. 
With the @-diketones this substitution was found to be a deter- 
mining factor; ditsobutyrylmethane, {(CH;),CH-CO!,CH,, had 
lost the property of giving a cyclic tellurium derivative possessed 
by dibutyrylmethane, {CH,*CH,°CH,°CO},CH,. 

The effect of progressive alkylation of acetone has been tested. 
Methyl ethyl ketone, diethyl ketone, and methyl isopropyl ketone 
have given characteristic telluriferous derivatives. Two higher 
homologues, ethyl isopropyl ketone and diisopropyl ketone, also 
have been compared. The former undoubtedly reacts with tel- 
lurium tetrachloride, for the inorganic reagent passes into solution 
and hydrogen chloride is evolved. The telluriferous product is, 
however, oily and readily hydrolysable; so that it was not isolated. 

Ditsopropyl ketone behaves entirely differently from all the 
other aliphatic ketones examined. Under the same experimental 
conditions, the tellurium tetrachloride remains undissolved, no 
hydrogen chloride is evolved, and both reagents may be recovered 
quantitatively. 

Our observations were extended to mixed ketones containing 
aromatic radicals, and the aliphatic homologues of acetophenone 
were shown to differ from this substance in yielding trichlorides. 
An exceptionally stable trichloride was also obtained from phenyl 
benzyl ketone. 

It is noteworthy that these arylated derivatives, including tel- 
lurium bisacetophenone dichloride, are colourless. ‘The yellow tinge 
of the latter described by Rust may be due to a trace of the yellow 
etherate of tellurium tetrachloride due to the employment of dry 
ether as solvent (compare Rohrbaech, Annalen, 1901, 315, 9). 


EXPERIMENTAL. 
I. Aliphatic Ketones. 


Tellurium Bisacetone Dichloride, . (CH,*CO°CH,),TeCl,—Two g. 
of redistilled acetone (2 mols.) were heated under reflux with 4:7 g. 
of tellurium tetrachloride (1 mol.) and 30 c.c. of dry chloroform. 
The turbid yellow solution rapidly evolved hydrogen chloride and 
after 40 minutes the filtrate from less than 0-1 g. of tellurium was 
concentrated to a brown syrup in a vacuum desiccator. A small 
portion was extracted with petroleum (b. p. 40—60°), dissolved in 
carbon tetrachloride, and the solution diluted with petroleum ; 
erystals then separated which were used for seeding the remainder 
of the syrup. The resulting crop of colourless needles was drained 
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on porous plates, when 0-9 g. was obtained, being 16-7°%, of theory. 


Recrystallised from carbon tetrachloride and chloroform in equal 
volumes, the substance separated in colourless, nacreous plates, 


m. p. 126—128° (Found: C, 22:8; H, 3:35; Te, 40-7; Cl, 22-7. | 


C,H,,0,Cl,Te requires C, 23:0; H, 3-2; Te, 40-8; Cl, 22-7%). 


Tellurium bisacetone dichloride also separated from chloroform — 


and light petroleum in colourless crystals, a small amount of tel-— 
lurium being eliminated. When reduced with aqueous bisulphite, — 


the compound was decomposed with separation of tellurium. 


Tellurium Methylethylketone Trichloride, C,H;*CO-CH,*TeCl,.— 


The boiling turbid yellow solution of 4 g. of tellurium tetrachloride, 


1-9 g. of methyl ethyl ketone, and 28 c.c. of dry chloroform rapidly | 
evolved hydrogen chloride and only a trace of tellurium separated. — 


On concentration the brown syrup yielded 3-5 g. of trichloride 


(75°% of theory), which crystallised from carbon tetrachloride in — 


small, colourless, prismatic needles, m. p. 101—101-5° (Found : 
Cl, 34:7; Te, 42-35. C,H,OCI,Te requires Cl, 34:9; Te, 41-8°%). 
The trichloride was readily soluble in chloroform; it decomposed 
slightly in boiling solvents and blackened on keeping. 

Tellurium Bismethyl-n-propylketone Dichloride, 

(C,H.-CO-CH,),TeCl,. 

—The yellow solution from 3 g. of methyl n-propyl ketone (b. p. 
101-5—102°), 4-1 g. of tellurium tetrachloride, and 25 c.c. of chloro- 
form, when decanted from tellurium (0-2 g.) and concentrated to 
a syrup, did not solidify until triturated with petroleum; colourless 
needles then separated (0-8 g.). As this substance decomposed 
in contact with its mother-liquor, it was rapidly dried on porous 
tile and recrystallised from carbon tetrachloride; m. p. 92—93° 
(Found: Cl, 19-5; Te, 34:3. C,)H,,0,Cl,Te requires Cl, 19-3; 
Te, 34:6%). 

Tellurium Bismethylisopropylketone Dichloride, 

{(CH;),.CH°CO-CH,!,TeCl,. 

—Methyl zsopropyl ketone (3 g.), 4:1 g. of tellurium tetrachloride, 
and 28 c.c. of chloroform rapidly evolved hydrogen chloride and 
the concentrated solution yielded 3-4 g. of crystalline product 
(52°, of theory). The dichloride crystallised readily from carbon 
tetrachloride in colourless needles softening at 85° and melting 
at 90° (Found: Cl, 19-4; Te, 34:3. C,9H,,0,Cl,Te requires 
Cl = 195351) Te.-=134-69/,), 

Tellurvum Bismethyl-n-butylketone Dichloride, 

(C,H,*CO-CH,),TeCl,. 

—Methyl n-butyl ketone (3 g.), 2-7 g. of tellurium tetrachloride, 
and 20 c.c. of chloroform were treated as in the preceding preparation. 
The brown syrup yielded no solid product until extracted with 
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petroleum to remove unchanged ketone. This extract yielded a 
small amount of solid, and a further amount was obtained by 
extracting the residual oil with carbon tetrachloride (total yield 
1-1 g.). After two crystallisations from this solvent, nacreous, 
colourless plates were obtained, m. p. 62° (Found: Cl, 17°8. 
C,.H,.0,Cl,Te requires Cl, 17-9%). 

Tellurium Bismethylisobutylketone Dichloride, 

{(CHs),>CH-CH,°CO: -CH,},TeCl,. 

—The addition of 3-6 g. of Aeiitiviinn tetrachloride to 3 g. of methyl 
isobutyl ketone in 20 c.c. of chloroform resulted in a bulky, yellow 
precipitate, which decomposed rapidly on exposure to the atmo- 
sphere. On heating the mixture under reflux, this precipitate 
dissolved with evolution of hydrogen chloride, and the clear brown 
solution on concentration yielded 2-7 g. of colourless needles (45-5% 
of theory). Recrystallised from carbon tetrachloride, the sub- 
stance separated in colourless plates, m. p. 95°; the acicular form 
gave the same mixed melting point (Found: Cl, 17-8; Te, 31-75. 
C,,H,.0,Cl,Te requires Cl, 17-9; Te, 32-2%). 

Tellurium Diethylketone Trichloride, CH,*CH,*CO-CH(CH,)-TeCl,. 
—Less than 0-1 g. of tellurium was eliminated on boiling together 
2 g. of diethyl ketone, 3-1 g. of tellurium tetrachloride, and 22 c.c. 
of dry chloroform; the filtrate on concentration yielded several 
crops of trichloride (3-1 g. or 84:6% of theory). Recrystallised 
from carbon tetrachloride, the trichloride separated in colourless 
plates, m. p. 77—78° (Found: Cl, 33-4; Te, 40-5. C;H,OCI,Te 
requires Cl, 33-5; Te, 40-0%). The trichloride decomposed slightly 
in hot solvents. 

Tellurium Di-n-propylketone Trichloride, 

CH,°CH,°CH,°CO-CH(CH,°CH,)-TeCl,. 
—The concentrated seen fr om 3 g. of tellurium tetrachloride, 
1-3 g. of butyrone, and 20 c.c. of chloroform deposited masses of 
greyish-brown, silky needles (3 g. or 77% of theory). Recrystal- 
lised from carbon tetrachloride and petroleum, the trichloride was 
obtained in colourless needles, m. p. 70° (Found: Cl, 30-7; Te, 
37-1. C,H,,0Cl,Te requires Cl, 30-7; Te, 36-7%). 

This trichloride was somewhat unstable in hot acetone and 
underwent hydrolysis on exposure to moist air. 

Interactions of Tellurium Tetrachloride and Pinacolin.—The 
turbid yellow solution of 2-5 g. of pinacolin, 3-4 g. of tellurium 
tetrachloride, and 25 c.c. of chloroform evolved hydrogen chloride 
on boiling and after 40 minutes the brown liquid, when treated with 
half its bulk of petroleum (b. p. 40—60°), yielded tellurium pinacolin 
trichloride (formula ITI) in colourless plates. When this was recrys- 
tallised from carbon tetrachloride, some elimination of tellurium 
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occurred in the hot solvent; the filtrate deposited colourless, 
rhomboidal platelets softening at 110° and melting at 114—115°. 
The yield was 0-9 g. or 21% of theory (Found: Cl, 32-0; Te, 38:1. 
C,H,,0CI,Te requires Cl, 32:0; Te, 38-3%). 

The mother-liquor from the trichloride preparation furnished on 
concentration a crystalline residue which after two crystallisations 
from carbon tetrachloride separated in colourless needles, m. p. 
191—192°; yield 1-6 g. or 26% of theory (Found: C, 36-0; H, 
5-7; Cl, 18-25; Te, 32-3. C,,H,,.0,Cl,Te requires C, 36-3; H, 5:55; 
Cl, (1795) Te) 32-2%): 

Tellurium bispinacolin dichloride (formula IV) was much more 
permanent in air than the preceding trichloride, but all attempts 
at removing the chlorine were unsuccessful; the use of potassium 
metabisulphite or neutral sodium sulphite (Vernon, J., 1920, 117, 
892) led to elimination of tellurium. 

Interaction of Tellurium Tetrachloride and Ethyl isoPropyl Ketone. 
—Fifteen g. of diethyl ketone were alkylated with methyl iodide 
and caustic potash at 120—130° (Nef, Annalen, 1900, 310, 325). 
The product was fractionated and ethyl isopropyl ketone boiling 
at 114—116° was employed in the following condensations. Tel- 
lurium tetrachloride (2:7 g.) was readily dissolved by boiling in 
20 c.c. of dry chloroform containing from 1 to 2 g. of the ketone. 
Hydrogen chloride was evolved, only a small amount of tellurium 
(0-1 g.) was eliminated, and on concentration a brown syrup was 
obtained which did not, however, yield a crystalline product. 
Extraction with organic solvents and the addition of hydrogen 
bromide or ferric chloride also failed to furnish solid derivatives. 
On exposure to air the oily syrup slowly evolved hydrogen chloride, 
and the final residue contained only inorganic compounds of 
tellurium. | 

Tellurium Tetrachloride and Diisopropyl Ketone.—Ditsopropyl 
ketone, b. p. 123—124°, was prepared by Nef’s method (loc. cit.) 
from ethyl isopropyl ketone and purified through its crystalline 
oxime (m. p. 28°), which was distilled under reduced pressure and 
hydrolysed with concentrated hydrochloric acid. Tellurium tetra- 
chloride (2:5 g.) was boiled for an hour with 2 g. of diisopropyl 
ketone and 20 c.c. of dry chloroform, a process which in all the 
preceding experiments had led to condensation. In this case, 
however, the tellurium tetrachloride remained insoluble and 
unchanged. 


JI. Mixed Ketones containing Aromatic Radicals. 


Tellurium bisacetophenone dichloride, prepared by Rust (loc. 
cit.) by heating 2 mols. of acetophenone with 1 mol. of tellurium 
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tetrachloride in dry ether, was then described as crystallising in 


yellow needles, m. p. 186—187°. 

Three g. of acetophenone, 3-5 g. of tellurium tetrachloride, and 
15 c.c. of chloroform were boiled under reflux and the dark brown 
solution was concentrated to a crystalline mass of dichloride. 
After two crystallisations from chloroform, tellurium bisaceto- 
phenone dichloride separated in colourless needles, m. p. 186— 
187° (Found: Cl, 16-2. Calce., Cl, 16:3°%%). Reduction of this 
dichloride with potassium metabisulphite led to the elimination of 
tellurium. 

Tellurium Phenylethylketone Trichloride, 

C,H,-CO-CH(CH3)-TeCl,. 
—After boiling for 45 minutes, the solution of 3 g. of tellurium 
tetrachloride, 3 g. of phenyl ethyl ketone, and 25 c.c. of chloroform 
was concentrated to the crystallising point. The solid (2:5 g. or 
61% of theory) was crystallised from carbon tetrachloride in a dry 
atmosphere to obviate hydrolytic decomposition by moisture, when 
large, colourless, rhomboidal prisms separated, m. p. 114—115° 
(Found : C, 29-1; H, 2-5; Cl, 29-0; Te, 35-0. C,H,OCI1,Te requires 
C, 29-4; H, 2-45; Cl, 29:0; Te, 34:7%),. 
Tellurium Phenyl-n-propylketone Trichloride, 
C,H.*CO-CH(CH,°CH,)-TeCl,. 
—The condensation of 2-8 g. of tellurium tetrachloride and 3 g. of 
phenyl n-propyl ketone in 20 c.c. of chloroform was carried out 
as in the preceding preparation. On concentration, 2-8 g. of solid 
were obtained (71°94 of theory). Recrystallised from carbon tetra- 
chloride, the product separated in colourless prisms blackening at 
122° and melting at 128—129° (Found: Cl, 27-7; Te, 33-1. 
C,,H,,0Cl,Te requires Cl, 27-95; Te, 33-5%). | 
Tellurium Phenylbenzylketone Trichloride, 
C,H;-CO-CH(C,H;)-TeCl,. 

—Phenyl benzyl ketone was prepared by reduction of benzoin with 
zine dust and glacial acetic acid (Sudborough, J., 1897, 74, 219). 


Two g. were condensed with 2-7 g. of tellurium tetrachloride in 


20 c.c. of chloroform. The concentrated solution furnished a 
greyish-green, crystalline mass (2:6 g. or 60% of theory), which 
was recrystallised from carbon tetrachloride or from chloroform- 
petroleum, when colourless, facetted prisms were obtained, m. p. 
142—143° (Found: Cl, 24-7; Te, 30-1. C,,H,,OCl,Te requires 
Cl, 24:8; Te, 29-7%). 

This trichloride was readily reduced by aqueous potassium 
metabisulphite to a yellow solid, which, however, was very unstable 
and decomposed rapidly either on exposure or in chloroform 
solution. 


=" 
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CCCLXI.—Trypanocidal Action and Chemical Con- 


| 


stitution. Part II. Arylamides of 4-Aminophenyl-_ 


arsinic Acid. 


By Harotp Kine and WittiAM OwEN MoRcH. 


In Part I (J., 1924, 125, 2595), about 25 arylamides of 4-amino- | 


phenylarsinic acid were described with their toxicities to mice 
and their curative action on experimental trypanosomiasis in 
mice. Of this series of substances, the one clearly indicated for 
further development was 3’-aminobenzoyl-4-aminophenylarsinic 
acid (II; R =H), which had a toxicity of 0-6 and a temporary 
curative action in a dose of 0-18 milligram per gram of mouse. 


NO, i NH, 

ee ee es As03H, 
NO, | NO, NH, NH, 

SNe GL arr ota an Me > As03H, 


There were two obvious ways of modifying this structure with 


a view to following the change in its curative action. The one was 
to replace the m-aminobenzoyl group by other m-aminobenzoyl 


radicals substituted in the p-position. The parent p-substituted 
m-nitrobenzoic acids are readily accessible in quantity, provided 
the p-substituent is op-directive, by starting from the p-substi- 


tuted anilines, which by the Sandmeyer reaction for the prepar- 


ation of nitriles, saponification, and nitration yield the required 
p-substituted m-nitrobenzoic acids. Anisic acid is, however, more 


readily accessible from anethole, MeO-C,H,-CH:CHMe, a process — 


having been evolved whereby it may be obtained in large quantities 
in almost quantitative yield. 

The other way was to re-nitrate the mononitroarylamide (I) in 
the hope that the main product would be a dinitroarylamide of the 
type (III), which would give a series of interesting diamines (IV). 
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This has now been done, a series of p-substituted m-nitrobenzoic 
acids having been prepared in which R = Me, OMe, OEt, O-CO,Et, 
or Cl. These readily yield the corresponding acid chlorides, Sikh 
can be introduced into 4-aminophenylarsinic acid in 40—80°%/, 
yield by suitable modifications of the Schotten-Baumann method, 
ethylcarbonatonitrobenzoyl chloride, for instance, being relatively 
sensitive to hydroxyl ions, necessitating the use of sodium acetate 
as halogen acid fixative. The corresponding aminoarsinic acids 
were obtained by reduction with ferrous chloride and alkali ‘in 
55—95% yield, the ethylcarbonatonitrobenzoyl-4-aminophenylarsinic 
acid (V) being first converted into the Lee Ma acid (VI) by 
alkali. 

NO, 


\co-NH i rate Hees 


(v.) BH0,0-0C iS < 


"Vee ont ~ SAsO,H, (VL) 
oh einer Peel ainiy Mga 
The maximum dose tolerated by mice, expressed in milligrams 
per gram of mouse, of the six isomeric nitro-benzoylarsinic acids (I) 
with variation of the group R is shown below : 

3 PER AR e aee H. Me. OMe. OEt. OH. Cl. 
Dosis tolerata ...... 0-6 0-2 0-2 0-2 0-8 0-2 
Whereas for the corresponding amino-acids (II) the maximum 
tolerated dose and the minimum curative dose on Trypanosoma 

equiperdum in mice are given, 


ee A Savalas s H; Me. OMe. OEt. OH. Cl. 
Dosis toleraita ...... 0-6 0:3 0-7 0-6 0-5 0-1 
_ Dosis curativa ...... 0-18 0:15 0-4 0-6 0-2 0-075 
: CR He CS LY) (veh) fame 7) 


r signifying the number of days during which the blood-stream 
remains free from trypanosomes. Of this group, two members 
have effected permanent cures in mice and of these two the p-meth- 
oxy-derivative was superior to the p-chloro-derivative. 

Aminohydroxybenzoyl-4-aminophenylarsinic acid, the reduction 
product of (VI), was of special interest because it contained the 
o-aminophenol grouping of salvarsan (VII) and could therefore 
be reduced to an arseno-derivative (VIII), soluble in alkalis and 
Suitable for experimental testing on trypanosomiasis. 


NH, 0 NH, 
(VIL.) yore nen an Si Farr er 
OH As— CO-NH As— 
M. 2 Falla adh 
This arseno-base was ten times as toxic (7’ = 0-05) as ae parent 
amino-acid and on two-fifths of this dose (C = 0-02) a temporary 
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cure of mice was effected for 7 days. The therapeutic indices, 
C/T, for the parent amino-acid and its arseno-derivative are thus 
identical. Both are far inferior to salvarsan. 

The acetylation of the amino-groups in substituted arsinic acids 
can readily be effected by dissolving in alkali and shaking with | 
excess of acetic anhydride. When applied to the o-aminophenol 
grouping in 3’-amino-4’-hydroxybenzoyl-4-aminophenylarsinic acid, 
a practically quantitative yield was obtained of the ON-diacetyl 
derivative, which, on standing in solution in V-sodium hydroxide, 
gave the N-acetyl derivative. ON-Diacetylation under such con- 
ditions has apparently only once previously been observed, by 
Raiford and Greider (J. Amer. Chem. Soc., 1924, 46, 430), who 
obtained some diacetyl derivative on acetylation of o-aminophenol 
in sodium hydroxide solution, it having been overlooked by Lumiére 
and Barbier (Bull. Soc. chim., 1905, 33, 783), who recommended 
aqueous acetylation. It seems, however, to be a general method 
for the preparation of ON-diacetyl derivatives, provided the pro- 
duct, when once it is formed, is never subjected to high concen- 
trations of hydroxyl ions. Applied to o-aminophenol-p-arsinic 
acid, it, readily yields the ON-diacetyl derivative. 3’-Acetylamino- 
4’-acetoxybenzoyl-4-aminophenylarsinic acid proved to be devoid of 
trypanocidal action. : 

The avenue opened by the curative action of aminoanisoylamino- 
phenylarsinic acid was explored by the preparation of its N-acetyl 
and N-carbethoxy-derivatives, of its formaldehydesulphoxylate and 
its carbamide. Of these four substances, the former two were 
- tested therapeutically, but proved to be devoid of trypanocidal 
action. As this might be ascribed to loss of amphoteric character 
through acylation of the amino-group by non-basic radicals, two, 
more complex, tri-nuclear amides were prepared, namely, the 
3’-aminobenzoyl-(R. = H) and 3’’-amino-4"'-anisoyl-(R = OMe) de- 
rivatives of 3’-amino-4’-anisoyl-4-aminophenylarsinic acid (1X) 
in which amphoteric character was preserved. These also were 
devoid of trypanocidal action. 


ee 
ps0 a LOA tie Bains Daa ee 


The nitration of a series of p-substituted benzoic acids in which 
the p-substituent is Me, OMe, OEt, O-CO,Et, or Cl has enabled 
us to effect both a comparison of the relative ease of nitration of 
these benzoic acids and the relative ease of replacement of the 
carboxyl group by the nitro-group during nitration. The first 
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three acids are readily nitrated on the water-bath by 70°% nitric 
acid; the last two are unaffected by acid of this strength, but are 
nitrated in 76 and 90% yield, respectively, by 94% nitric acid. 
If other comparable observations from the literature be included, 
the following series is obtained : 

HNO, % ..2...... 14—30%. 70%. 92—94%, 

BE coke vtideewnasv ts OH,1NMe,?. Me,OMe,OEt. F,?Br,*Cl,O:CO,Et. 
_ © Griess, Ber., 1887, 20,408. ‘2) Reverdin, Ber., 1907, 40, 2442. ©) Rouche, 


Bull. Acad. roy. Belg., 1921, 534. “ Hiuibner, Philipp, and Ohly, Annalen, 
1867, 148, 248. : 


This series is substantially the one to be expected from a con- 
sideration of the relative directive powers of a member of any one 
of these groups in competition with a member to the right of it, 
for nitric acid, the two substituents being situated in the para- 
or ortho-positions with respect to each other. Thus there is ample 
evidence in the literature that when either OH or NMe, is set 
against Me, OMe, OEt, F, Cl, Br in the para-position, the NO, 
group enters mainly ortho to OH or NMe,; when the two groups 
are in the ortho-position to each other, the evidence, although not 
so complete, supports the same conclusion. Again, when MeO or EtO 
is set against Cl or Br in the para- or ortho-position, the NO,-group 
is preferentially directed ortho or para respectively to the MeO or 
EtO group in both cases, but, in the relative directive powers of Me 
and halogens there is an element of doubt.* In 1912, Holleman 
and Wibaut (Proc. K. Akad. Wetensch. Amsterdam, 15, 594), from 
the nitration of o-, m-, and p-chlorotoluenes, drew the conclusion 
that chlorine induces a velocity of substitution 1-5 times as great 
as that caused by the methyl radical. Later, however, Holleman 
(Rec. trav. chim., 1915, 34, 283) found that in the nitration of 
p-bromotoluene the methyl group had undoubtedly the superior 
orienting power. The latter result is more in accord with our 
own observations. We have been unable to find in the literature 
anything bearing on the relative orienting influence of the O-CO,Et 
group on an entering nitro-group. The relative directive powers 
for ortho-substitution of a nitro-group may therefore be written 
in the order OH,NMe, >Me,OMe,OEt > F,Cl,Br,O-CO,Et. 

In every case during nitration partial replacement of the carb- 
oxyl group by the nitro-group takes place with formation of p-sub- 
stituted nitrobenzenes and is evidently a general phenomenon. 
This is contrary to the view of Rouche (loc. cit.), who claimed 
that there was no formation of chloro- or bromo-nitrobenzenes 
by nitration of the chloro- or bromo-benzoic acids. In addition, 

* This is confirmed by the recent work of Francis, Hill, and Johnston (J. 
Amer. Chem. Soc., 1925, 47, 2231). 
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further nitration to 2: 4-dinitro-derivatives takes place to some 
extent depending on the time of heating. The relative yields of | 
non-acidic fractions obtained on pouring the nitration mixtures | 
into water are shown below. | 


y= US RAs Hotels Cl. Me. F,} OMe. OEt. O:CO,Et | 
PIGLAC OF eau inees 1-1 2 Il 11-5 14 15-5 

BLN Og: Oats pele Ca i 4g 94 70 92 70 70 94 

Time of heating ... 10 30 120 30 10 10 mins. 


1 Rouche loc. cit. 


Owing to the variation in strength of nitric acid used and the | 
time of heating, the only deductions allowable are that O-substi- 
tuents and possibly fluorine greatly facilitate replacement of CO,H 
by NO,, and that O-CO,Et has a different relative orienting power | 
to para-substitution from that which it has to ortho-substitution. | 
It would be of interest to know whether the accumulation of groups 
in 3:4: 5-trimethyl-, trichloro-, or trifluoro-benzoic acids would | 
enhance the ease of replacement of CO,H by NO, just as accumul- | 
ation of the MeO results in increased displacement of the formyl 
(Salway, J., 1909, 95, 1155) or carboxyl (Harding, J., 1911, 99, 1585) 
grouping. ‘The sulpho-group also is replaced to the extent of 5% 
by the nitro-group during the nitration of p-toluenesulphonic acid, 
as will be shown in a future communication. | 

For the saponification of p-toluonitrile, Herb (Annalen, 1890, 
258, 10) recommended the use of 75% sulphuric acid. When | 
applied to p-ethoxybenzonitrile, EtO-C,H,°CN, this had an un- | 
expected result, phenol-p-sulphonic acid, OH-C,H,‘SO3H, being | 
formed in good yield and no trace of the required carboxylic acid. | 
A weaker sulphuric acid (60%), however, yielded the required acid | 
and amide in satisfactory yield. 

The dinitration of this series of mononitroarylamides (1) proceeds 
smoothly, but, as might be anticipated, only yields exclusively one | 
product (III) when R is H, Me, or Cl. When R is OMe or OKt, | 

i 


. 
| 


a mixture of two dinitro-acids is obtained which is from a practical | 
point of view not separable into its components, but the com- | 
position of which can readily be determined by an examination of | 
the products of hydrolysis. The isomeric dinitro-acid has the | 
structure (X), and the two arsinic acids obtained on hydrolysis of | 


this and its isomeride (III) are almost quantitatively separable | 


NO, pe, NO, | 
LING: ea YO) NOG IT | 
RC _YCONH¢ >As0,H, RC CO-NHC _>AsO;H, 
(III.) NO, (x7) | 


| 
by 0-5N-hydrochloric acid. By this means it has been shown | 
that whereas in the cases where R = H, Me, or Cl, the second | 
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NO,-group enters a different nucleus from the one in which the 
NO,-group is already present, when R = OMe or OEFt, the NO,- 
group is distributed between the two nuclei in the ratios 3:7 and 
3:5, respectively, in favour of the nucleus without a NO,-group. 
The diamines (IV) were obtained on reduction with ferrous chloride 
and alkali. 

The toxicities and curative action of the dinitro- and diamino- 
arsinic acids, where determined, are given below : 


Dinitro-acids. Diamino-acids. 
ME Tesco e ws oe arccu ets le ks Me. i FL: Me. CI. 
Dosis tolerata ......... 0-1 0-025 0-2 >3°5 1-0 1-25 
Dosis curativa .......+. 0-06 — — 2 0-75 0:5 
(es) (r =. 29) 


Comparison of this table with the previous one for the mono- 
amino-acids shows that the introduction of a second amino-group 
lowers the toxicity many-fold, and at the same time the sub- 
stances acquire permanent curative properties. It is of interest 
that 3 : 3’-dinitrobenzoyl-4-aminophenylarsinic acid causes a tem- 
porary disappearance of trypanosomes from the blood-stream for 
2 days. The isomeric 3’ : 5’-dinitrobenzoyl-4-aminophenylarsinic 
acid was prepared, but attempts to isolate the arsinic acid con- 
taining the m-phenylenediamine group from it by reduction were 
unsuccessful. 

We desire to acknowledge our indebtedness to Miss F. M. Durham 
and Miss J. Marchal of this department for the painstaking care 
with which they have determined the toxicities and trypanocidal 
action of the compounds described in this paper. 


EXPERIMENTAL, 

3 : 3'-Dinitrobenzoyl-4-aminophenylarsinic Acid (III; R = H).— 
Benzoyl-p-aminophenylarsinic acid (19-3 g.) dissolved in 45 c.c. of 
sulphuric acid was nitrated at 0° by addition of a mixture of 8-5 c.c. 
of nitric acid (d 1-4) and 11-4 c.c. of sulphuric acid. The crude 
product obtained by pouring on to ice was collected, allowed to 
air-dry, and digested on the water-bath with 100 c.c. of glacial 
acetic acid. The product was now crystalline and the filtrate could 
be used for subsequent batches. The yield was 92% of the theor- 
etical. This acid crystallised from 170 parts of boiling glacial 
acetic acid in fine, silky needles, forming a monohydrate (Found : 
Loss at 100°, 5-1, 5-0. 1H.O requires loss, 4:2%,. Found: As, 
18-1. C,,;H,,O,N,As requires As, 18-2°%). With alkali (1 mol.), 
it forms sparingly soluble sodiwm and potassium salts. 

Hydrolysis of 3: 3'-Dinitrobenzoyl-4-aminophenylarsimc Acid.— 
(a) With acid. When the dinitro-acid (8-2 g.) was boiled for 2 hours 
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with 100 c.c. of 16°% hydrochloric acid, it was recovered mainly 
unchanged (6-4 g.). The other products isolated were a small 
quantity of o-nitroaniline, m-nitrobenzoic acid, and 3-nitro-4-amino- | 
phenylarsinic acid. | 

(b) With alkali. The.dinitro-acid (6-3 g.) was boiled for 2 hours | 
with 100 c.c. of N-sodium hydroxide. Practically quantitative 
yields were obtained of m-nitrobenzoic acid and 3-nitro-4-amino- | 
phenylarsinic acid. There was no o-nitroaniline found. 

3 :3'-Diaminobenzoyl-4-aminophenylarsinic Acid (IV; R = H).— 
The dinitro-acid (16-4 g.) was dissolved at — 5° in 292 c.c. of 2N- | 
sodium hydroxide and treated with 101 g. (10% excess) of ferrous | 
chloride dissolved in 124 c.c. of water. To the mixture 292 c.c. | 
of 2N-sodium hydroxide were added, the temperature throughout | 
being below 0°. The ferric hydroxide was filtered off and extracted 
three times by thorough mixing with 600 c.c. of 0-2N-sodium 
hydroxide each time. The combined filtrates were made neutral | 
to Congo-paper and after keeping for 24 hours at 0° the separated | 
diamino-acid was collected. The filtrate was made alkaline with 
concentrated ammonia, treated with 50 c.c. of magnesium chloride 
solution (1:1), and heated for 30 minutes in the boiling-water | 
bath. The precipitated magnesium salt was collected, dissolved 
whilst still damp in N-hydrochloric acid, and the acidity to Congo- | 
paper removed by addition of saturated sodium acetate solution. | 
The diamino-acid crystallised readily (total yield was 7-8 g. or 
56%). The diamino-acid so prepared crystallises in clusters of 
leaflets. It diazotises and couples with alkaline B-naphthol with 
production of a deep red colour (Found: As, 20-9. C,,H,,0 | 
requires As, 21-3%). 

3: 5-Dinitrobenzoic Acid.—The following process is an Tn prOws 
ment on that of Shukov (Ber., 1895, 28, 1800). | 

Ten g. of fused benzoic acid were dissolved in 100 g. of sulphuric | 
acid and treated with 18-2 c.c. of fuming nitric acid. The solution | 
was heated on the water-bath for 10 hours and poured into a litre. | 
of ice and water. The product (10 g.), m. p. 202°, was washed 
with a little hot water and reprecipitated from dilute ammonia. 
It then melted at 203—204°. 

3' : 5’-Dinitrobenzoyl-4-aminophenylarsinic Acid (X; R = H).— 
Sodium p-aminophenylarsinate pentahydrate (25—26 g.) dissolved | 
in 320 c.c. of 5% sodium hydroxide and cooled to — 3° was treated | 
with 40 g. (2 mols.) of 3: 5-dinitrobenzoyl chloride dissolved in 
toluene. The mixture was stirred for 45 minutes after all the acid | 
chloride had been added. After acidification, the mixture of acids | 


was collected, dried, and extracted with ether. The insoluble 
arsinic acid was reprecipitated from ammoniacal solution (viel 
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84%). This dinitro-arsinic acid crystallises from 80 parts of boiling 
90% formic acid in fine needles. In glacial acetic acid it is much 
less soluble (Found: As, 18-3. C,,H,)O,N,As requires As, 18-2%). 
The maximum tolerated dose for mice is 0-5 mg. per g. of mouse. 
Attempts to obtain the diamino-arsinic acid by reduction in alkaline 
solution with ferrous chloride were unsuccessful. 

2-Nitro-p-toluic Acid—This acid was prepared by the following 
process, which is an improvement on that of Fittig and Ramsay 
(Annalen, 1873, 168, 251). p-Toluic acid (20 g.) was suspended 
in 200 c.c. of nitric acid (d 1-4) and heated on the water-bath for 
30 minutes. On pouring into water, the yield of nitro-acid was 
23-5 g.,m. p. 186—187°. By ether extraction of the acid in alkaline 
solution, 0-4 g., and of its aqueous mother-liquor, 0-6 g., of crude 
p-nitrotoluene were obtained, m. p. 51°. 

2-Nitro-p-toluoyl chloride, prepared by the action of phosphorus 
pentachloride, boils at 167—168° (corr.)/16 mm. and melts at 
20—21° (corr.). This acid chloride has recently been described as 
an oil (Johnson and Soderman, J. Amer. Chem. Soc., 1925, 47, 
1392). 

3’-Nitro-4'-toluoyl-4-aminophenylarsinic Acid (I; R= Me).— 
This acid was prepared in the same way as p’-nitrobenzoyl-p-amino- 
phenylarsinic acid (J., 1924, 125, 2602). The acid chloride, how- 
ever, reacts so slowly that stirring has to be continued for 2 or 
3 hours. The mixed acids obtained on acidification were dried 
and extracted with ether in a Soxhlet apparatus (yield 55%). 
This arsinic acid is sparingly soluble in boiling acetic or 
formic acid and crystallises in small needles (Found: As, 19-6. 
C,,H,,0,N,As requires As, 19-7%). 

3'-Amino-4’-toluoyl-4-aminophenylarsinic Acid (Il; R= Me).— 
3'-Nitrotoluoyl-4-aminophenylarsinic acid (11-4 g.) was dissolved 
in 110 c.c. of chilled 2N-sodium hydroxide and 40 g. of ferrous 
chloride (20% excess) in 50 c.c. of water were run in, the tem- 
perature being maintained between 0° and — 5°. Finally, 130 c.c. 
of 2N-sodium hydroxide were added. The ferric hydroxide was 
filtered off and extracted with two successive portions each of 
240 c.c. of 0-4N-sodium hydroxide. The combined filtrates were 
neutralised to Congo-paper, and the crude acids collected. These 
Were warmed with successive portions of N-hydrochloric acid at 
50° until no diazotisable material was left. On addition of satur- 
ated sodium acetate solution to the successive filtrates, the amino- 
arsinic acid was precipitated in fan-shaped clusters of small, white 
needles. A further small quantity can be isolated from the first 
precipitation mother-liquors by addition of ammonia and magnesium 
chloride and heating the solution. The magnesium salt separates 
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readily, is dissolved in excess of N-hydrochloric acid, and the free 
acid precipitated by sodium acetate. The yield was 5-7 g. or 54% 
of the theoretical. 

This amino-arsinic acid is very sparingly soluble in cold 3N- 
mineral acids, but dissolves readily on warming. The hydro- 
chloride crystallises in small needles, the nitrate in minute needles, 


and the sulphate in square plates. It diazotises and couples with | 
alkaline 8-naphthol with production of a blood-red plows (Found : | 


As, 21:2. C,,H,,0,N,As requires As, 21-4%). 

3: 3'-Dinitro-4’- As 4. aminophenylarsinic Acid (III; R = Me). 
—The mononitro-acid (7-5 g.) dissolved in sulphuric acid (20 c.c.) 
was nitrated at 0° with a mixture of 1-9 c.c. of sulphuric acid and 
1:4 c.c. of nitric acid (d 1-4). The yellow solid obtained on pouring 
on to ice was collected and when digested on the water-bath with 
glacial acetic acid became crystalline (yield 8 g.). This dinitro- 


acid is sparingly soluble in boiling acetic or formic acid and crystallises 


in needles (Found: As, 17-7. C,,H,,0,N;As requires As, 17-6%). 
Hydrolysis of 3: 3'-Dinitro-4'-toluoyl-4- aminoohenn a ae Acid. 


—Two g. of the acid were boiled for 2 hours with 30 c.c. of N-sodium 
hydroxide. The acids obtained (2-05 g.) on neutralisation to Congo- 


paper were extracted ina Soxhlet apparatus with ether. The ether- 


soluble portion (0-8 g.) consisted of pure 2-nitro-p-toluic acid, and - 


| 
; 


‘the ether-insoluble portion of 3-nitro-4-aminophenylarsinic acid 


(1-25 g.), the yields being practically quantitative. 


3 : 3'-Diamino-4’-toluoyl-4-aminophenylarsinic Acid (IV; R= 


Me).—The dinitro-acid (8-5 g.) was reduced in the way described 


for the acid without the methyl group (above), save that it was 
found advantageous to increase the excess of ferrous chloride | 
used from 10% to 20%, and with it the amount of alkali to secure | 


faint alkalinity at the end of the reduction. The alkaline filtrates | 
from the ferric hydroxide extraction, on neutralisation to Congo- 


paper, gave no precipitate of diamino-acid. The acid was, however, 
precipitated as the magnesium salt in ammoniacal solution by 


heating on the water-bath. The magnesium salt was dissolved in 


70 c.c. of N-hydrochloric acid, and the diamino-acid liberated by | 


addition of saturated sodium acetate solution (yield 4-2 g. or 57%). 
This diamino-arsinic acid separates, when liberated as described 


above, in sphero-crystals (Found: As, 20-4. Cj ,H,,0,N3;As_ 
requires As, 20:5%). Diazotised with sodium nitrite in hydro- 
chloric acid solution, it turns yellow and couples intensely with 


alkaline 8-naphthol with production of a brownish-red colour. 


Preparation of Anisic Acid.—Pure crystalline anethole (11-1 g.) 


was stirred vigorously with 50 c.c. of water at room temperature, | 
and 34-4 g. of potassium permanganate in 1075 c.c. of water were 
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added at a constant rate within 75 minutes. No attempt was 
made to regulate the temperature, which at its maximum was 
below 35°. The very slight excess of permanganate was reduced 
by warming with alcohol. After filtration, and extraction of the 
manganese oxides with dilute alkali, the combined filtrates gave, 
om acidification, 9-0 g. of almost pure anisic acid. An aliquot 
portion of the filtrate extracted with ether indicated the presence 
a a further 1-5 g. of equally pure anisic acid. The total yield is 
about 92°% of the theoretical. 

Oxidation at room temperature with 32 g. of permanganate 
4 atoms of oxygen) and with addition of 12 g. of potassium hydr- 
yxide gave 4-6 g. of anisic acid and 2-3 g. of anisaldehyde (semi- 
sarbazone, m. p. 216—217° corr.; Walbaum, J. pr. Chem., 1903, 
38, 235, gives m. p. 203—204°). 

Oxidation at 0° gave 6:6 g. of a mixture of anisic acid and anisyl- 
setocarboxylic acid and 0-85 g. of anisaldehyde. 

Oxidation of pure anethole by Ladenburg and Fitz’s method as 
ipplied to oil of anise, using potassium dichromate and sulphuric 
wid, gave a 47% yield of anisic acid. 

3-Nitro-4-anisoyl Chloride.—3-Nitroanisic acid was prepared by 
Auwers’s method (Ber., 1897, 30, 1477) by heating 20 g. of anisic 
wid with 200 c.c. of nitric acid (d 1-4) on the water-bath for 30 
minutes. From 75 g. of anisic acid there were obtained 3-7 g. 
f a non-acidic fraction which on distillation gave 2-65 2: sth p. 
4—55°, b. p. (external bath temperature) 170°/20 mm. These 
onstants agree with those of 4-nitroanisole. The non-volatile 
esidue (1-0 g.), on two crystallisations from alcohol, gave 2 : 4-di- 
utroanisole (0-45 g.), m. p. 87°. In another experiment which 
vas strictly comparable with the nitration of p-toluic acid, there 
vere isolated from the nitration of 20 g. of anisic acid, 20-2 g. of 
itroanisic acid, m. p. 190°; by ether extraction of this nitro-acid 
n alkaline solution, 2-3 g. of nitroanisoles, m. p. 84°; and by ether 
xtraction of the original aqueous mother-liquor, 1-45 g. of nitro- 
misoles, m. p. 45°. The nitroanisic acid was converted into 3-nitro- 
-anisoyl chloride by phosphorus pentachloride. This boils at 
10°/15 mm., is sparingly soluble in low-boiling petroleum, but 
eadily soluble in warm ether, from which it crystallises in broad 
eedles, m. p. 52-5—53-5° (corr.). 

3'-Nitro-4'-anisoyl-4-aminophenylarsinic Acid (I; R = OMe).— 
‘his nitro-acid was prepared in the same way as the corresponding 
oluoyl derivative. The yield was 48-3%. It is soluble in boiling 
mic acid and crystallises therefrom in needles, but is sparingly 
dluble in boiling acetic acid, from which it separates in woolly 
eedles (Found: As, 18-9. C,,H,,0,N,As requires As, 18-9%). 

VOL. CXXVII. oy 
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3'. Amino-4'-anisoyl-4-aminophenylarsinic acid (II; R = OMe) 
was prepared exactly as described for the corresponding toluoyl 
derivative. The yield was 95%. When liberated from concen- 
trated solutions of its salts with acids by means of saturated sodium 
acetate, it separates in a gelatinous state, but from dilute solutions 
in needles. The gelatinous form passes into the crystalline on 
contact with the needles. It is not soluble in acids weaker than 
3N in the cold, but dissolves readily on warming. The most 
characteristic salt is the hydrochloride, which crystallises well in) 
wedge-shaped plates. The sulphate separates in sphero-crystals, 
the nitrate in microscopic, woolly needles. It diazotises and couples, 
with alkaline @-naphthol with production of a bright red colour | 
(Found: As, 20-2. C,,H,,;0;N.As requires As, 20-5%). 

3'- Acetylamino-4'-anisoyl-4-aminophenylarsinic acid 1s most con- 
veniently prepared by shaking the amino-acid, dissolved in N-sodium 
hydroxide (4 mols.), with excess of acetic anhydride. The yield is 
quantitative (Found: As, 18-8. C,,H,,O,N,As requires AS, | 
18-4%). This acid is almost insoluble in boiling acetic acid, but 
extremely soluble in cold 90% formic acid. From more dilute 
formic acid it separates, anisotropic, in sphero-crystals. The 
maximum dose tolerated by mice is 1:5 mg. per g. of mouse. 
Attempts to prepare the propionyl derivative by the same method 
were fruitless. 

Action of Sodiwm Formaldehydesulphoxylate on 3'-Amino-4'- 
anisoyl-4-aminophenylarsinic Acid—The amino-acid (5:5 g.) was 
‘dissolved in 15 c.c. of N-sodium hydroxide (1 mol.) and 2-4 g. of 
pure sodium formaldehydesulphoxylate were added. The solution 
was heated for 15 minutes in boiling water, cooled, and poured into 
a large volume of spirit. A gum separated which was obtained 
in a solid powdery condition by grinding under absolute alcohol 
(yield 2-6 g.) (Found: Loss at 95°, 0-5; As, 15:8; 8,7), 
C,;H,,0,N,SAsNa, requires As, 15-4; S, 66%). This sodium 
salt, so prepared, has no free amino-groups. It is, however, unstable: 
towards N-hydrochloric acid at 50° and evolves sulphur dioxide. 

3’-Carbethoxyamino-4'-anisoyl-4-aminophenylarsinic acid was pre- 
pared by adding ethyl chloroformate (1-1 ¢.c.) in two portions to 
the amino-acid (3-7 g.) dissolved in 15 c.c. of N-sodium hydroxide. 
The product was acidified and the precipitated solid extracted with 
N-hydrochloric acid at 50° to remove diazotisable material (yield 
3-7 g.) (Found: As, 17-5. © ,H,O,N,As requires As, 17-1%). 
The acid is practically insoluble in boiling acetic acid, but readily 
so in boiling 90°% formic acid and crystallises therefrom in micro: 
scopic leaflets. The maximum dose tolerated by mice is 0-75 mg. 
per g. of mouse. : 


1 


| 
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The s-Carbamide of 3'-Amino-4'-anisoyl-4-aminophenylarsinic 
Acid.—The amino-acid (3-7 g.) dissolved in 100 e.c. of half- 
saturated sodium acetate solution with the aid of 5 cc. of 
2N-sodium hydroxide was shaken with several molecules excess 
of carbonyl chloride in toluene (35 c.c. of 125% solution). The 
product obtained on acidification was extracted with warm N- 
hydrochloric acid and precipitated finally from dilute ammonia 
by acid (yield 33%). This carbamide is precipitated in the gelatin- 
ous state from its salts. It is insoluble in boiling glacial acetic 
acid, but from boiling 90% formic acid, in which it is very spar- 
ingly soluble, it crystallises in microscopic needles (Found: As, 
19-6. C9H,,0,,;N,As, requires As, 19-8°%). 

3”-N itro-4""-anisoyl-3'-amino-4' -anisoyl-4-aminophenylarsinic Acid 
(corresponding with IX; R = OMe).—Aminoanisoylaminopheny]- 
arsinic acid (7:3 g.) dissolved in 50 c.c. of 10% sodium hydroxide 
at — 5° was treated with 8-3 g. of nitroanisoyl chloride in 15 c.c. 
of toluene and stirred vigorously for 4} hours. Toluene was 
removed and the aqueous solution acidified. The precipitated 
solid was extracted with N-hydrochloric acid to remove amino- 
arsinic acid. The dried solid was extracted with ether to remove 
aitroanisic acid and reprecipitated from dilute ammonia. 

This complex nitro-arsinic acid is precipitated as a voluminous 
gelatinous solid from solutions of its salts. It is very sparingly 
soluble in boiling glacial acetic acid, but separates well in clusters 
of needles. It is somewhat more readily soluble in boiling 90% 
formic acid (Found: As, 13-6. C,H .0,N,As requires As, 13+7 Hi 
[he maximum dose tolerated by mice is 0-075 mg. per g. of mouse. 

3°'- Amino - 4’’- anisoyl-3'-amino-4'- anisoyl - 4 - aminophenylarsinic 
Acid (IX; R = OMe).—The nitro-acid (5-2 g.) was reduced in 
she usual way with ferrous chloride and alkali. The combined 
ukaline extracts of the ferric hydroxide were made neutral to 
Jongo-paper. The precipitated solid was collected and whilst 
still damp made into a thin cream with water and added to 2000 c.c. 
at N-nitric acid (free from nitrous acid) at 50°. The solution was 
‘apidly filtered, treated with charcoal, and refiltered. On addition 
a saturated sodium acetate solution the amino-acid was pre- 
‘ipitated in an amorphous condition in 75% yield. This acid is 
‘oluble in hot N-hydrochloric acid and deposits an indefinitely 
rystalline but anisotropic solid on cooling. It is almost insoluble 
n boiling N-sulphuric acid, the sulphate crystallising in micro- 
copic needles. In N-nitric acid it is soluble on heating and 
he nitrate crystallises in balls of needles (Found: As, 14:3. 
JoeHyo0,N,As requires As, 14:5%). The maximum dose tolerated 
y mice is 0-02 mg. per g. of mouse. 
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3'’-Nitrobenzoyl-3'-amino-4'-anisoyl-4-aminophenylarsinic acid 
(corresponding with IX; R = H) was prepared in the same way 
as the corresponding 3’’-nitroanisoyl compound (above). From 
7-3 g. of 3’-amino-4’-anisoylaminophenylarsinic acid and 3-nitro- 
benzoyl chloride (2 mols.) there were obtained 5:8 g. of the required 
acid as a gelatinous precipitate. It is sparingly soluble in boiling 
acetic or 90% formic acid, separating from the former in short, 
pointed needles and from the latter in square tablets (Found : 
As, 14:7. ©,,H,,0,N,As requires As, 146%). The maximum 
dose tolerated by mice is 0-1 mg. per g. of mouse. 

3’’- Aminobenzoyl-3'-amino-4' -anisoyl-4-aminophenylarsinic acid 
(IX; R =H) was prepared in the same way as the corresponding 
3”-aminoanisoylarsinic acid, except that 1500 c.c. of N-nitric acid 
at 50° were sufficient to dissolve the amino-acid. The yield was 
3-1 g. from 5-0 g. of nitro-acid. This complex amino-acid separates 
in needles when liberated from dilute acid solutions by addition 
of sodium acetate (Found: As, 15:4. C,,H90,N3As requires As, 
15-4%). With N-hydrochloric acid it forms a very sparingly 
soluble hydrochloride crystallising in microscopic rods. In 2N- 
sulphuric acid, it is readily soluble, the sulphate crystallising on 
keeping in fine, woolly needles ; and in warm N-nitric acid, it dissolves 
and gives an indefinitely crystalline but anisotropic nitrate on cooling. 
The maximum dose tolerated by mice is 1-0 mg. per g. of mouse. 

Nitration of 3'-Nitro-4'-anisoyl-4-aminophenylarsinic Acid.—This 
mononitro-arsinic acid was further mononitrated as described for 
the previous dinitro-arsinic acids. The product consisted of a) 
mixture of 3’: 5’-dinitro-4’-anisoyl-4-aminophenylarsinic acid and 
3 : 3’-dinitro-4’-anisoyl-4-aminophenylarsinic acid in the propor- 
tion of 3:7. These acids could not be separated by fractional 
crystallisation from 75% acetic acid nor by fractional crystallisation 
of the ammonium salts (Found: As, 17-0. C,,H,,0,N3As requires 
As, 17:0%). The composition of the mixture was readily deter- 
mined by hydrolysis as follows. Three g. of the dinitro-acids 
were boiled for an hour with 45 c.c. of N-sodium hydroxide and 
then neutralised to Congo-paper. The mixture of ether-soluble 
arsenic-free acids was not examined in detail, but 3: 5-dinitro- 
4-hydroxybenzoic acid was identified. The ether-insoluble acids 
consisted of a mixture of a 4-aminophenylarsinic and 3-nitro- 
4-aminophenylarsinic acid. These could be separated almost 
quantitatively by making use of the observation that 4-amino- 
phenylarsinic acid is readily soluble in 0-5N-hydrochloric acid, 
whereas the nitro-acid is not appreciably soluble. From the final 
aqueous mother-liquors of the hydrolysis, precipitation as mag: 
nesium salt in ammoniacal solution gave a further crop of 4-amino- 
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phenylarsinic acid. In this way, 1-25 g. of 3-nitro-4-aminopheny]l- 
arsinic and 0-4 g. of 4-aminophenylarsinic acids were obtained, or 
96% of the theoretical yield. 

The reduction of the mixed dinitro-acids by ferrous chloride was 
unsatisfactory. 

Hydrolysis of 4-Ethoxybenzonitrile—(a) By 75% sulphuric acid. 
Twelve g. of the nitrile were boiled for 1 hour with 72 g. of sulphuric 
acid and 24 g. of water. Ether extraction of the mixture diluted 
with water gave 0-36 g. of a phenolic fraction, partly crystalline 
and giving a blue colour with ferric chloride in alcoholic solution 
and a violet colour in aqueous solution. The sulphuric acid liquors 
were worked up as barium salts, when, after removal of barium 
sulphate, a very soluble barium salt was isolated (yield 9 g.). On 
crystallisation from water, it separated in long, glistening needles of 
barium phenol-4-sulphonate. Itwas compared with asample prepared 
by the action of sulphuric acid on phenol (Found on air-dried salt : loss 
at 95°, 9:3; on salt dried at 95°: Ba, 27-8. C,,H,)0,S,Ba,3H,O 
requires loss of 24H,O, 8-4%. ©,,H,,0,8S,Ba,4H,O requires Ba, 
27-9%). 

lf the original solution be treated with ether instead of water 
the free phenol-4-sulphonic acid crystallises, but is very hygroscopic 
(compare Allain, Bull. Soc. chim., 1887, 47, 879). 

(b) By 60% sulphuric acid. Twelve g. of 4-ethoxybenzonitrile 
were boiled for 30 minutes with 56-5 g. of sulphuric acid and 37-5 c.c. 
of water. The solid obtained on pouring into water was separated 
by means of sodium carbonate solution into 3:1 g. of 4-ethoxybenz- 
amide and 6-1 g. of 4-ethoxybenzoic acid. The amide was com- 
pletely hydrolysed to the acid by boiling with 60% sulphuric acid 
for 2 hours. 

3-Nitro-4-ethoxybenzoic Acid.—4-Ethoxybenzoic acid (21 g.) was 
heated with 210 c.c. of nitric acid (d 1-42) on the water-bath until 
solution had just been effected. The product was poured into 
water, the solid collected, dissolved for the most part in ammonia, 
and extracted with ether, which removed a low-melting, crystalline 
solid, A, weighing 3 g. The ammoniacal solution on acidification 
gave an 80% yield of 3-nitro-4-ethoxybenzoic acid. This acid 
crystallises well from spirit in rectangular plates or rods, m. p. 
200—201° (Found: C, 51:0; H, 4-4. C,H,O;N requires C, 51-2; 
H, 4:3%). 

The ether-soluble material, A (4:5 g. from two batches), on 
fractional distillation under reduced pressure, gave 1:6 g., m. p. 
58—59°, b. p. 188° (external bath temperature)/22 mm. The 
residue, 2°65 g., on recrystallisation from alcohol gave pure 2: 4- 
dinitrophenetole, m. p. 83°, in excellent yield, whilst the low- 
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melting solid on crystallisation from alcohol melted at 62° and 
proved to be 4-nitrophenetole. 

3-Nitro-4-ethoxybenzoyl chloride is very sparingly soluble in boiling 
petrol, but is more soluble in dry ether, from which it crystallises 
in slender prisms, m. p. 81—82° (corr.). It boils at 215—216° 
(corr.)/20 mm. 

3'-Nitro-4'-ethoxybenzoyl-4-aminophenylarsinic acid (1; R = OFt) | 
was prepared in the same way as the corresponding 4’-chloro- 
derivative, using method 5. The yield was 49%. It is very spar- 
ingly soluble in boiling acetic acid and sparingly in 90% formic acid. 
It crystallises in fine needles (Found: As, 18-5. C,,H,,0,N,As 
requires As, 18-3%). 

3'-Amino-4'-ethoxybenzoyl-4-aminophenylarsinic Acid (II; R= 
OEt).—The mononitro-acid (8-2 g.) was reduced as described for 
the corresponding 4’-toluoyl compound. On neutralisation of the 
alkaline extracts of the ferric hydroxide to Congo-paper, the acid 
was precipitated in an amorphous condition. When dissolved in 
200 c.c. of N-hydrochloric acid at 45° and precipitated by addition 
of saturated sodium acetate, it separated crystalline (yield 5-8 g.). 
The original mother-liquors gave a further crop of 0:7 g. of acid 
by precipitation as the magnesium salt from hot ammoniacal 
solution (total yield 86%). This amino-acid crystallises in micro- 
scopic, woolly needles (Found: As, 19:3. C,,;H,,0;N,As requires 
As, 197%). It is soluble in warm N-hydrochloric acid, but very 
sparingly soluble in hot 3N-acid through formation of the hydro- 
chloride, which crystallises as a sandy powder composed of small 
tablets. It is soluble in 2N-sulphuric acid, but rapidly crystallises 
as the sulphate in small, pointed prisms. In 3N-nitric acid it is” 
readily soluble and the nitrate crystallises from concentrated solu- 
tion in fine needles. The diazotised acid couples with alkaline 
B-naphthol with production of a bright red colour. 

Nitration of 3'-Nitro-4'-ethoxybenzoyl-4-aminophenylarsinic Acid. 
—This acid was re-nitrated as described for the corresponding 
4'-anisoylarsinic acid. A mixture of 3 : 3’-dinitro-4’-ethoxybenzoyl- 
4-aminophenylarsinic and 3’ : 5’-dinitro-4’-ethoxybenzoyl-4-amino- 
phenylarsinic acids in the ratio 5:3 was obtained, as was proved 
by hydrolysis and quantitative separation of the arsinic acids as 
described for the anisoyl acids (Found: As, 16-5. C,,H,,0,N,As 
requires As, 16-5%). 

4’-Chloro-3'-nitrobenzoyl-4-aminophenylarsinic Acid (1; R = Cl). 
—4-Chloro-3-nitrobenzoic acid was prepared in 90% yield by 
heating 4-chlorobenzoic acid with nitric acid (d 1:5; 4 vols.) on 
the water-bath until solution was effected; 20 g. of chlorobenzoic 
acid gave 23-6 g. of chloronitrobenzoic acid, m. p. 180°, and as a 
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by-product 0-22 g. of p-chloronitrobenzene, m. p. 77°, by extraction 
of the acid in alkaline solution, and 0-5 g. of p-chloronitrobenzene, 


m. p. 82°, by extraction of the original aqueous mother-liquors 


madealkaline. Boiling nitric acid (d 1-42) has no action on 4-chloro- 


benzoic acid. The acid chloride was prepared in the usual way, 
b. p. (external bath temperature) 180—190°/20—22 mm. It was 


introduced with difficulty into 4-aminophenylarsinic acid by the 
Schotten-Baumann method, using two molecular proportions of acid 
chloride. A variety of conditions to improve the yield were tried. 


No. Solvent. Temperature. Sodium Hydroxide. Yield %. 
1 Benzene / 20—25° 10% 32 
2 None 20—50 fe 18 
3 Benzene 0—10 ¥s 40 
4 Benzene 20—30 5% 22 
5 Toluene —5—0 7 40 


Unchanged nitrochlorobenzoic acid was readily recovered by ether 


extraction, and unused 4-aminophenylarsinic acid by neutralising 
the aqueous mother-liquors to Congo-paper and evaporating until 


sodium chloride began to separate. 


4’.Chloro-3'-nitrobenzoyl-4-aminophenylarsinic acid is very spar- 
ingly soluble in boiling acetic acid, more readily in boiling 90% 


formic acid, from which it crystallises well, in needles (Found : 


Cl, 8-6. C,3H,)0,N,ClAs requires Cl, 88%). 
4’-Chloro-3'-aminobenzoyl-4-aminophenylarsinic Acid (Il; R= 


Cl).—The nitro-acid (6-65 g.) was reduced with ferrous chloride 
(7 mols.) at — 5° as described for the toluoyl compound. The 
combined filtrates from the ferric hydroxide extractions, on being 
made neutral to Congo-paper, deposited the amino-acid in a 
erystalline condition mixed with a small quantity of amorphous 


impurity. The amount contained in the mother-liquors and pre- 
cipitable as magnesium salt was negligible. The crude acid was 
heated at 80° with 800 c.c. of 3N-hydrochloric acid; the amino- 
acid then dissolved. On addition of saturated sodium acetate to 
the rapidly filtered solution, the amino-acid separated in leaflets 
(yield 80%) (Found: Cl, 9-4. C,,H,,0,N,ClAs requires Cl, 9:6%). 
It is very sparingly soluble in 3N-hydrochloric acid at 100°, but 
from stronger acid the hydrochloride crystallises in oval leaflets. 
In boiling 2N-sulphuric acid it is insoluble, but from a much stronger 


acid the sulphate crystallises in square tablets. It is soluble in 


hot 3N-nitric acid, and this solvent, freed from nitrous acid, would 
probably be preferable to hydrochloric acid for its extraction in 
the above preparation. The diazotised acid couples with alkaline 


: 
i 


@-naphthol with production of a bright red colour. 
4'-Chloro-3 : 3'-dinitrobenzoyl-4-aminophenylarsinic Acid (III; 
R = Cl).—The mononitro-acid (8 g.) dissolved in 24 c.c. of sulphuric 
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acid was nitrated at — 5° with 2 g. of sulphuric acid and 2 g. of 
nitric acid (d 1-42); the mixture, when at room temperature, was 
poured on to ice. The product was collected, -dried, and digested 
on the boiling-water bath with 40 c.c. of glacial acetic acid for 
+ hour; it then became crystalline (yield 8-5 g.) (Found: Cl, 8-1. 
Ci3;H,O,N,CIAs requires Cl, 8-0%). The acid is very sparingly 
soluble in boiling glacial acetic acid, somewhat more soluble in 
boiling 90% formic acid, from which it crystallises well in needles. 

Hydrolysis of 4'-Chloro-3 : 3'-dinitrobenzoyl-4-aminophenylarsinic 
Acid.—Two g. of the dinitro-acid were boiled for 30 minutes with 


30 c.c. of N-sodium hydroxide. When cold, the solution was 


neutralised to Congo-paper and the precipitated acids were collected, 
dried, and extracted with dry ether in a Soxhlet apparatus. The 
ether-soluble acid weighed 1:0 g., m. p. 175°. A mixture of the 
substance with 4-chloro-3-nitrobenzoic acid, which itself melted at 


182°, melted at 177°. The ether-insoluble material weighed 1-1 g. 


and was unchanged in weight after extraction with 0-5N-hydro- 


chloric acid to remove any possible 4-aminophenylarsinic acid. 


This proved to be 3-nitro-4-aminophenylarsinic acid. The original 
aqueous solution on ether extraction gave 0-05 g. of crystalline acid, 


m. p. 172°. Mixed with chloronitrobenzoic acid, this melted at | 


157°; with 3-nitro-4-hydroxybenzoic acid, m. p. 185°, however, 
the melting point was raised to 175°. 

4'-Chloro-3 : 3'-diaminobenzoyl-4-aminophenylarsinic Acid (IV; 
R = Cl).—The dinitro-acid (6-5 g.) was reduced exactly as described 
for the corresponding dinitrotoluoylarsinic acid. The combined 
alkaline extracts of the ferric hydroxide, when neutralised to 
Congo-paper, gave an amorphous, brown precipitate, but on keeping 


a few hours the diamino-acid (3-0 g.) crystallised. The filtrate was 


made alkaline with ammonia and heated with magnesium chloride; 


a magnesium salt then separated which gave an additional 1-25 g. | 


of acid. The combined crude acids were dissolved in 40 e.c. of 


N-hydrochloric acid with addition of 1 c.c. of concentrated acid 
and precipitated by addition of saturated sodium acetate until | 
neutrality to Congo-paper was reached (yield 76%). The acid so | 


prepared crystallises in rosettes of pointed plates (Found: Cl, 9:2. 
C,3H,,0,N,ClAs requires Cl, 9:2%%). i 

Preparation and Nitration of 4-Ethylcarbonatobenzoic Acid.— 
4-Hydroxybenzoic acid (34:5 g.) dissolved in 500 c.c. of N-sodium 


hydroxide (2 mols.) was shaken with 26-0 c.c. of ethyl chloroformate 
(1-1 mols.), added in four portions. Ether extraction removed a | 


viscous, pleasant-smelling oil (2-6 g.), presumably 
EtO,C-0-C,H,°CO,"CO, Et 


(compare analogous case of salicylic acid, D.R.-P. 117,267). The | 


| 
t 


j 
: 
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aqueous solution on acidification gave 49-3 g. of 4-ethylcarbonato- 
benzoic acid (94% yield). This acid is best recrystallised from 


85 volumes of boiling water and separates in long, glistening needles, 


m. p. 154—156°. It is very soluble in the usual organic solvents 
(Found: C, 57-0; H, 4-9. C,)H,,O; requires C, 57-1; H, 4:8%). 
Nitration. The acid (48-5 g.) was dissolved in 182 c.c. of fuming 
nitric acid (nitric acid, d 1-42, has no action) and heated for 10 
minutes on the boiling-water bath. The product was poured into 
water, the solid collected, dissolved in sodium bicarbonate solution, 
and extracted with ether, which removed 7-5 g. of non-acidic solid, 
A. The aqueous solution on acidification gave 44:6 g. (76% yield) 
of 3-nitro-4-ethylcarbonatobenzoic acid. This is best recrystallised 
from 15 volumes of boiling benzene and separates in clear, irregular- 
shaped plates, m. p. 168—169° (Found: C, 47-3; H, 3-7. 
C,>H,O,N requires C, 47:1; H, 3-6%). 

The non-acidic solid, A, was distilled in a vacuum, when 6:35 g. 
passed over at 18 mm. and an external bath temperature of 192°. 
This fraction, on crystallisation from alcohol, separated readily 
in fine needles, m. p. 67—68° (corr.) in agreement with the properties 
described by Ransom (Ber., 1898, 34, 1064) for ethyl 4-nitrophenyl- 
carbonate. On hydrolysis with alcoholic soda, it yielded 4-nitro- 
phenol. The non-volatile residue, 1-6 g., was highly coloured and 
did not crystallise on keeping, but was proved to be ethyl 2 : 4-dinitro- 
phenylcarbonate by hydrolysis with alcoholic sodium hydroxide, 
which gave 2 : 4-dinitrophenol. 

3'-Nitro-4'-ethylcarbonatobenzoyl-4-aminophenylarsinic Acid (V). 
—The above-described 3-nitro-4-ethylearbonatobenzoic acid (25-5 g.) 
was shaken with 21-0 g. of phosphorus pentachloride until reaction 
took place. The phosphorus oxychloride was removed under 
reduced pressure by gentle warming. The residual syrupy nitro- 
ethylcarbonatobenzoyl chloride, which crystallises readily in a freezing 
mixture and remains solid above room temperature, after being 
evaporated to dryness once or twice with dry ether, was added 


in three portions with vigorous shaking to 15:5 g. of sodium 4-amino- 


phenylarsinate pentahydrate dissolved in 300 c.c. of half-saturated 
sodium acetate solution. The solid (34 g.) precipitated by making 
the solution definitely acid to Congo-paper, was divided by ether 
extraction into 15-6 g. of unchanged nitro-acid and 18-1 g. (80% 
yield) of the required arsinic acid. This acid is soluble in boiling 
acetic acid, more readily soluble in boiling 90°{ formic acid, and 
erystallises in needles (Found: As, 16-5. C,,H,,0,N,As requires 
As, 16-5%). 

3'-Nitro-4’-hydroxybenzoyl-4-aminophenylarsinic Acid (V1).—The 
crude acid (18-1 g.) as obtained above was dissolved in HO 0.0.0f 
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N-sodium hydroxide, and the solution just brought to its boiling 
point. Addition of acid to the cold solution precipitated, at an 
intermediate stage, the sodium salt of the nitrohydroxy-acid in 
rectangular plates, but finally (acid to Congo-paper) the free acid 
as a primrose-yellow solid (yield 97%). This acid is sparingly 
soluble in boiling acetic acid, crystallising therefrom in minute 
clusters of needles, but readily soluble in boiling 90% formic acid, 
from which it crystallises in long, silky needles (Found: As, 19-4. 
C,3H,,0,N,As requires As, 19-6%). 

Reduction of 3'-Nitro-4'-hydroxybenzoyl-4-aminophenylarsinic Acid. 
—(a) By hyposulphite. The nitro-acid (3-8 g.) in 25 c.c. of N-sodium 
hydroxide (2:5 mols.) was treated with 6 g. of sodium hyposulphite 
added in portions. The end-point was determined by removing ~ 
samples and observing the absence of yellow colour on adding 
alkali. The separated solid, consisting mainly of the sodium salt 
of the required amino-acid, was collected and dissolved in 240 c.c. 
of N-hydrochloric acid at 50°. The filtrate, made neutral to 
Congo-paper by addition of saturated sodium acetate solution, 
deposited the pure amino-acid (2-1 g.) in small needles. 

(b) By ferrous chloride. This reagent, used as frequently de- 
scribed in this paper, reduced the nitro-acid very smoothly. The | 
amino-acid was obtained quite pure in 93:5% yield by neutralisation - 
of the alkaline filtrate from the ferric hydroxide. 

3'-Amino-4' -hydroxybenzoyl-4-aminophenylarsinic acid is readily 
soluble in warm N-hydrochloric, nitric, or sulphuric acid, the salts 
of the former two crystallising in needles, that of the latter being ; 
amorphous and gelatinous. The acid diazotises with production of 
a pale yellow colour and even from very dilute solutions the diazo- : 
oxide separates in pale yellow needles. This couples with alkaline 
8-naphthol with a cherry-red colour. The acid is soluble in satur-_ 
ated sodium hydrogen carbonate solution, but the sodium salt 
soon separates in micro-crystals (Found: As, 21-5. C,3H,3,0;N,As | 
requires As, 21-:3%). : 

3’. Amino-4' -hydroxybenzoyl-4-aminoarsenobenzene (VIII).—Amino- | 
hydroxybenzoylaminophenylarsinic acid (3-3 g.) was suspended in : 
16-5 c.c. of hypophosphorous acid (d 1-137) with addition of 33 ¢.c | 
of 50% acetic acid and a crystal of potassium iodide. The mixture 
was stirred at 50—55° for 1 hour; the whole of the originally 
crystalline suspension had then become orange-yellow and amor- 
phous. The product was centrifuged off, washed several times” 
with air-free water, and treated with sodium hydrogen carbonate 
solution until permanently alkaline. The liberated base was re- | 
centrifuged, well washed, and dried in a vacuum (yield 2-7 g.). 
This arseno-derivative is soluble instantly in sodium hydroxide, 
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but not in sodium carbonate. It is insoluble in hydrochloric acid 
of any strength, but vanishes almost instantly on addition 
of nitrite with intermediate development of a deep colour. It 
then couples with alkaline $-naphthol (Found: As, 24-7, 25-1. 
C..H,.0,N,As, requires As, 24-8%). 

3’-A cetylamino-4'-acetoxylbenzoyl-4-aminophenylarsinic Acid.—The 
aminohydroxy-acid (3:5 g.) was dissolved in 40 c.c. of N-sodium 
hydroxide or sodium carbonate, and 5 c.c. of acetic anhydride were 
added in 1 ¢.c. portions with vigorous shaking. The solution was 
acidified to Congo-paper, and the precipitated solid well washed 
with water and dried (yield 3-8 g.). From weakly alkaline solution 
this acid is precipitated in fine needles which are almost insoluble 
in boiling glacial acetic acid but extremely soluble in cold 90% 
formic acid. From more dilute formic acid it crystallises well in fine, 
soft needles (Found: As, 16-9. C,,H,,0,N,As requires As, LTe2g): 
The maximum dose tolerated by mice is 1-75 mg. per g. of mouse. 

3'-Acetylamino-4' -hydroxybenzoyl-4-aminophenylarsinic Acid.— 
When a solution of 1 g. of the preceding acid in 10 c.c. of N-sodium 
hydroxide (4 mols.) was kept for 20 hours at room temperature, 
then diluted, and acidified with 3N -hydrochloric acid, the N-acetyl 
acid was obtained as a microcrystalline, anisotropic powder (Found : 
As, 19-2. C,;H,;0,N,As requires As, 19:0%). This acid is almost 
insoluble in boiling glacial acetic acid, but very readily soluble in 
warm 90% formic acid, from which it separates in microscopic needles. 

3-Acetylamino-4-acetoxyphenylarsinic Acid.—3-Amino-4-hydroxy- 
arsinic acid (2-33 g.; 0-01 mol.) was dissolved in 25 c.c. of water 
with the aid of 3-5 g. (4 mols.) of sodium bicarbonate and acetylated 
by addition in 1 c.c. portions of 5 c.c. of acetic anhydride. When 
the solution was acidified with strong hydrochloric acid, the arsinic 
acid separated in needles (yield 2-5 g.). It is soluble in boiling 
glacial acetic acid and readily soluble in cold 90% formic acid 
(Found: As, 23-7. Cj, 9H,,0,NAs requires As, 23-6%). 

THe Nationa Instirure ror MEpIcAL RESEARCH, 
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CCCLXII.—The Action of Nitrous Acid wpon Amides 
and Other “« Amino ”-compounds. 


By Rozpert Henry ADERS PLIMMER. 


Tue action of nitrous acid upon amino-compounds was apparently 

first used by Sachsse and Kormann (Landw. Versuchs-Stat., 1874, 

17, 321) for the detection and estimation of these compounds in 

plant extracts. H. T. Brown (Trans. Guinness ee sire 1903) 
TH 
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employed the reaction for studying the formation of amino-acids 
in the brewing process, and improved the old type of apparatus. 
Not until Van Slyke (J. Biol. Chem., 1911, 9, 185; 1912, 12, 275) 
devised a satisfactory apparatus for the estimation was the method 
extensively used, and, as is well known, its chief use is for distin- 
guishing the different forms of nitrogen contained in the amino- 


acids resulting from the hydrolysis of proteins. A special short 


analysis of proteins can be made by the method of Van Slyke 
(J. Biol. Chem., 1911, 10, 15). 

The earlier workers tested only a few amino- pide leucine and 
alanine gave off the whole of their nitrogen as nitrogen gas, asparagine 
gave off only half of its nitrogen as gas. Van Slyke tested a con- 
siderable number of amino-compounds. All «-amino-acids reacted 
rapidly ;. presumably, therefore, the «-amino-group, but not the 
amide group, of asparagine reacted. The nitrogenous groups of 
guanidine and creatine did not react, nor the guanidine group ‘of 
arginine. The c-amino-group of lysine reacted slowly, as also the 
amino-groups of certain purines. Dunn and Schmidt (J. Biol. Chem.., 
1922, 53, 401) and Wright Wilson (J. Biol. Chem., 1923, 56, 183) 
have further studied these slow reactions. Urea was found by 
Van Slyke to react slowly with sodium nitrite and acetic acid. 
Werner (J., 1917, 111, 863), working under different conditions, 
found no reaction in the presence of acetic acid, but obtained an 
evolution of nitrogen in the presence of mineral acid. He found 
that the reaction was never complete and considered that the method 
was of no value for estimating urea. Krall (J., 1915, 107, 1396) 
observed an evolution of nitrogen from guanidine in the presence of 
mineral acid, and Wright Wilson (loc. cit.) obtained nitrogen from 


creatinine, using the Van Slyke apparatus. No other reference to _ 


the reaction of nitrous acid with ‘‘ amino ’”’-compounds has been 


found on looking through the literature, except the statement in _ 


the text-book of Organic Chemistry by Meyer and Jacobson (1907, 
I, part 1) that amides give off nitrogen in the presence of strong 
sulphuric acid. 


These experiments were therefore undertaken to find out the con-__ 
ditions under which amides, guanidine, and other amino-compounds | 
react with nitrous acid and to reconcile the various discrepan-_ 


cies in the previous results. Some other amino-compounds besides 
the above-mentioned were also tested. 


EXPERIMENTAL. 


The large an of apparatus described by Van Slyke was used in 


all the experiments. After the removal of air from the apparatus 


the acetic acid-sodium nitrite mixture was always brought to the | 
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same level in the reaction chamber; its volume measured 12 c.c. 
Generally 5 c.c., sometimes 10 c.c., of the solution of the compound 
under investigation were delivered from a pipette into the burette 
of the apparatus and run into the reaction chamber; the burette 
was then washed twice with 1 c.c. of water, and the washings were 
run into the apparatus. Reaction was allowed to proceed for 
periods varying from 1 to 24 hours; during the short periods the 
apparatus was continuously shaken, during the long periods it was 
shaken for the last half-hour. If the volume of gas evolved tended 
to fill the gas burette, the gas was passed into the permanganate 
vessel for absorption of nitric oxide and not returned to the burette 
until the reaction time was completed. In the experiments with 
mineral acid concentrated hydrochloric acid was added, 1 c.c. at a 
time, in the same way as the water used in washing the burette 
and in its stead. After the addition of 3 ¢.c. of hydrochloric acid 
gas evolution was very rapid, still more rapid after 4.c.c. In these 
cases the evolved gas was quickly passed into the permanganate - 
vessel and further quantities were added only when the rate of gas 
evolution diminished. The rapid gas evolution usually ceased 
after 5 to 10 minutes, and became slow after 1 to 2 hours, so that 
the apparatus could be safely left for the long reaction periods 
amounting to 24 hours. The evolved nitrogen gas was finally 
measured and by the use of Van Slyke’s table its amount was con- 
verted into mg. of nitrogen. Usually 1% solutions of the compound 
under examination were used. The total amount of nitrogen in 
these solutions was determined by a Kjeldahl estimation in another 
aliquot portion. All the figures of the estimations were calculated 
to g. of nitrogen per 100 c.c. of solution. The results of the experi- 
ments are in the following tables. 


Discussion of Results. 


Amides.—The experiments with the above amides show clearly 
that these do not give off an appreciable quantity of nitrogen with 
nitrous acid in the presence of acetic acid in 24 hours, and are 
thus sharply distinguished from the simple amino-acids, which were 
shown by Van Slyke to react rapidly and completely in from 5 to 
30 minutes. The difference in behaviour is clearly shown with 
asparagine; only one amino-group reacts in a period of 23 hours 
under these conditions. 

On introducing hydrochloric acid to the reaction mixture, com- 
plete reaction of the amide group did not occur until 5 c.c. of con- 
centrated acid had been added. This amount of acid gave a con- 
centration of approximately 2N-HCl. In the case of asparagine, 
the whole of its nitrogen was then evolved as gas. 
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Formamide. 
Expt. 1. Total N per 100 c.c. = 
02884 g. 
N evolved 
Time (g.per 
With (hours). Temp. 100c.c.). 
2c.c.H,O 1:5 15° 0-0088 
93 9 2:5 16 0-0080 
i ny 4: 43) 16 0-0092 


Expt. 2. Total N per 100 c.c. = 
0-1806 g. 


2c.c. HC] 19 11. 0-0191 
Agnes psy Mee 15 09-0923 
aA PELE Sa 18 0-1609 
Gayaire goaded 14. 0-1427 
TIE Ore i Step 15 01805 
Expt. 3. Total N per 100 c.c. = 
0:2240 g 
2c.c.H,O 25 17 09-0162 
2 , HCl 24 160-0234 
Sees (2415 i116 Wi (09-0228 
eT AT a 2: 15 0-0344 
mri ing (ures 14 0-0604 
Pig yy 22 130-1415 
Piel IWiigs sone 13. 0°1732 
as Vicia) ae 12 01882 
int Peale “rues 130-2139 
Propionamide. 
Expt. 1. Total N per 50 c.c. = 
0-1155 g. 
2c.c.H,O 05 13 0-0006 
PA Trad T Ans iy 14. = 0-0017 
Bi sy ci hl seh ets do tube in O0039 
Bigs) eg (ROP On | han tn OU 7 
Expt. 2. Total N per 100 c.c. = 
0:1946 g. 
2 ¢.c. H,O 23 11 0-0014 
2 , HCl 25 li =0-0156 
Ain dhs he iedeeeliiene 11 = =0-0154 
be ta il Oo 12 0-1491 
OGete Ae ee 12 = 0-1967 
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Amides. 
Acetamide. 
EHxpt.1. Total N per 100c.c. = 
0°1512 g. 
N evolved 
% Of Time (g. per 
total N. With (hours). Temp. 100.c.c.). 
3:1 206.0. H,0,08 12° 0-0011 
2:8 2255. 1a RES ee 
3:2 2 ios. Has) ak oe Ae 
Expt. 2. Total N per 100 c.c. = 
0-1148 g. 
10-6 2c.c.H,O 23 17 =0-0032 
51-1 2 , HCl 24 17 00-0082 
89-1 Se) OS Ae 17 0-0360 
79-0 A’ st) e-iagey AO 17 0-0644 
100-0 A iri. | Siegen 16 00-0696 
BN Sans a 17 = 0-0882 
4 yim bgp ree 17 0-1042 
5 oe) 29 6 17 0:0964 
7.9 5 Minhas 8 be 17 =: 0-1112 
10:3 BON Lena. 180-1185 
10-2 : 
154, Asparagine. 
27-0 Expt. 1. Total N per 100 c.c. = 
te : 0-2100 g. : 
ir3— Qec. HzO 0-25 17  0-1039 
95:5 2 ” 99 0-5 15 0-1043 
2 yy |p. LTO) ea 
yg ig en ek mene eee 
2 ogg i gg SLTOL. TSR GEIAS 
Expt. 2. Total N per 100 c.c. = 
0-5 0-2100 g. 
15 L oe HG 18 0-1061 
3-4 Qiiigg.ve \tep Ot Ee 
3-2 3 59 6a 18° co 1S eas 
Bi yy. 10 ap RO ee ee es 
T 9s) 99 200 5 OkG eG 2200 
8 > 39 23 15 0-2142 
. a Expt. 3. Total N per 100 c.c. = 
8-0 0-3115 g. 
76:6 2c.c.H,O 23-5 13 0-1699 
101-0 2°,, HCl’ 23 130-1842 
yhevine ries eee 130-1917 
Bight gg lucie 12 0-1861 
5 yy 5, (206 OTS a0 
6, , 23:5 15 038264 
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‘ 


‘ AMINO ’’-COMPOUNDS. 


Urea and Derivatives. 


Urea. 
Expt. 1. Total N per 100 c.c. = 
0:2856 g. 
N evolved 
Time (g. per % of 
With (hours.) Temp. 100 c.c.). total N. 
2cc.H,O 05 11° 0-0164 5-7 
et et Lon Say LL .0-0829. 11-5 
ee as US ie 12 00958 335 
mere UBB VA Ok BS2e 54:3 
ee pte rly e120 O2108.4 77:0 
Se et sees Don ts) Ocak Ltt 
oe wey BO, FL. O-205T° *930 
ge! py eo 10 0-2767 96-9 
Expt. 2. Total N per 100 c.c. = 
2422 g. 
2cc.H,O 85 20 0-2512 103-7 
2°, 4923-0" 18 00-2495 103-0 
Bi. te ied Os 19. 0-2456.. 101-4 
Biuret. 
Expt. 1. Total N per 100 c.c. = 
2884 g. 
Boo. H,QO»41-0 4%. 11e- 00117 41 
et asi LL: 10-0326) 115 
Poy 041/165 ,, 11 0-0476; 16-5 
ae” AMS PAO 11 00-0542 18-8 
Expt. 2. Total N per 100 c.c. = 
0-1554 g. 
2c.c,.H,O 6 21 00-0566 36-4 
EO 19 0-0708 49°3 
mes os 23 22 0:0763 45-6 
2.,, HCl 245 21 0-1035 66-6 
Bis, vp 23 22 O-1116... 71-8 
my. eet ae 20 0-1439 92-6 
a ree 19 00-1411 90-8 
6 24 17 =0-1448 §=93°3 
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N evolved % of 


total 


Urethane. 

Expt. 1. Total N per 100 c.c. = 

0-1764 g. 

Ti : 
With Gioars). Temp. 165 ne: 

eie.cr ae iT] 15° 00-0023 
Beta reo) 16 0-067 
Zits, ease ear 8 00-0165 
Expt. 2. Total N per 100 c.c. = 

0-1862 g. 
2c.c.H,0 23 15 0-0568 
1 ieeiga oh 3 3 
vf, HO 23 14 0-0929 
2 , HCl 24 LZ Lis? 
Buel diene coor, ¢ Le pUeLoUe 
7 ae A 14 02143 


Semicarbazide hydrochloride. 


Expi.1. Total N per 100 c.c. = 
0-0658 g. 
2cc.H,O 05 14 0-0081 
Tees ae LG eS 16)" 10-0080 
Rite AiO L7G 2614 (00132 
Expt. 2. Total N per 100 c.c. = 
0-1904 g. 
2c.c.H,O 05 14 0-0161 
ager pega Dy L6),', (0-080 
DF ipss Pvt O 4 LO. .OrO320 
ret) seas LOO) * LER OMe 
Bahia aro ee LO nl OO Lie 
Expt. 3. Total N per 100 c.c. = 
0-1218 g. 
2c.c.H,O 25 160-0689 
2 4, LOL 23 22 = 0-0764. 
Depa 23h) MT ToL 
Bd), Ase 18 0-0595 
BS ees 19 0-0453 
Qihs, 24 17. =: 0-2037 
BY. hoe 24 18 0-2817 
6 99 20 20 02859 
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Guanidine and Derivatives. 
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Guanidine carbonate. 
Expt.1. Total N per 100c.c. = 0-1316 g. 
N evolved 
Time (g. per % of 
With (hours). Temp. 100 c.c.). total N. 
2c.c.H,O 1-0 15° + 0:0029 2-2 
A Stet lesa 15 0-:0016 1-2 
Bites a PS 15 0-0029 2-2 
Paral Sh oo ll 0-0060 4-6 
2 es » 40°5 14 0:0104 7:9 
Eapt.2. Total N per 100 c.c.=0-3185 g. 
2c.c.H,O 25 13 =0:0319 +=10-0- 
Bh BCL a. 11 0:0639 20-1 
41%, yee ll 0-1008 31:6 
Doves ey ee 8 12 :0:2481 77-9 
Bie wi eae 10 0:2553 80-1 
Fines pe: § 130-2784 87-4 
Expt.3. Total N per 100 c.c. = 0-2968 g. 
2c.c.H,O 24 10 = 0-0104 3°5 
2h, HOUHSS-5 9 0-0868 12-4 
Bin, sD 63 10 0:0437 14:7 
ye eS 5) ll 0:0826 27:8 
Diy web en ll 0-2132 71:8 
pai AU eh 12 0:2420 81-5 
Tia Sehieo te 14 00-2622 88-4 
Ba 2 EL AAs 14 0-2688 90-5 
Arginine Carbonate. 
Expt.1. Total N per 100 ¢.c. = 0:1078 q. 
2¢c.c.H,0 0:5 16 0:0267 24-8 
Sy. Oa 16 0:0294 27-3 
ey, 5) it ab 15 0:0280 26-0 
pate oe 1 16 +0:0267 24:8 
Digs oi ee 14 0-0280 26-0 
pA Seana a! 14 0:0304 28-2 
Beg Piney Ak 4) 17 0:0504 46-7 
PANN K Bel gine. 19 0:0402 37-3 
yp eG 16 0:0698 64:7 
p Ae’ iis | 4) 16 0:0680 63-1 
Creatine. 
Expt.1. Total N per 100 c.c. = 0-07 g 
20.0 EL Oe 15 0-0018 2-6 
Ast PAs 8 15 00-0011 1-6 
mainte » 40 15 = 0-0023 3°3 
wi Se SO 15 0:0045 6-4 
Expt.2. Total N per 100c.c. = 0-1456 g. 
2c.c. H,O 23-5 14 0-0231 15-9 
2 > HEL 25 14 0:0394 27-0 
oe ey ite. 14 0:0494 33-9 
4),, Phy § 16 0:0483 33-2 
4 iis pares: 4 13 = 0:0574 39-4 
ade ala. 14 0:0967 66-4 
G7 UA 8: 15 0O-1081 74-2 
Usage 5p) ee 14 0:-1008 69-2 
Ammonium acetate. 
Total N per 100 c.c. = 0-3304 g. 
2c.c.H,O 0-5 13 =0-1061 32:1 
Bias ob eee 16 0:3385 102-4 
> ee », 18:5 14. 0:3408 103-1 


Aminoguanidine Acetate. 


Expt.1. Total N per 100c.c. = 0-2590 g. 
N evolved % of 


Time (g. per 

With (hours). Temp. 100 c.c.). 
2c.0c.H,O 05 12° 0-0177 
eyiiist sah oheee ll 0-0465 
2 gi ut (NS Be Tg NOS £0 
y ae i TS 11 00-0608 
2, hv pth 24. ORS OOe 
PAS » 25°5 15 0-0659 
2 48” Sega 
PAP ian Feed 8: 15 0-0777 


total 


6:8 
173 
19-7 
23°5 
23°38 
25-4 
27-4 
30-0 


21:5 
30-9 
31-4 
54:5 
80-8 
91-5 
93°3 


Expt. 2. Total N per 100 c.c. = 
0-3402 g. 
2c.c.H,O 24 13. -0-:0731 
2 , HCl 24 130-1052 
chase Fewer 12 0-1067 
cee Mig iciy, | 12 01855 
5) 5): ieee 12 0-2750 
6 ae 14 03112 
Digg: vtceghtree 16 03168 
8 idle eee 160-3154 


Arginine carbonate. 


92-7 


Expt. 2. Total N per 100 c.c. = 


0-1211 g. 
2c.c.H,O 0:5 20 0-0212 
2). yt LO 19 0-0266 
2 +e i Om. 13 0:0566 
2° ;, HCrrzs 14 0-1044 
aC » 24-5 13. = 0-1006 
7 1 2455 14 0-1118 
a ea “eae 15 0°1173 
male 3s ees 19 0-1167 
Bae os | 17 = 0:1237 
Creatinine. 


‘17-5 
22-0 
46-7 
86-2 
83-1 
92:3 
96-9 
96-4 

102-1 


Expt.1. Total N per 100 c.c. =0-2898 g. 


30-6 | 


2 ¢.c. HO’ 1 15 00-0766 22-9 
Big 3 NO de 17 0:1027 35-4 
24g | 5p 16-D 9 1  1OTG eee 
bE aba 17 =+0-1164 40-1 
2: eee 19 01211 41:8 
2:3 HCL” 25 17 0-1208 41-7 
Bye Fe Nee ee 130-1221 = 42-1 
Baie tty sue Dane 14 0-0886 

Begs a eee 16 .0-:0540 18-6 
Di hi gy UA ae 14 0-0646 223 
ee RE ney gi 17 0:0478 16-5 
Tiisg ys) ee 15 0:0506 17:5 
Se RN yyy) Cae 14 0-0455 15-7 

Hydrazine sulphate. 

Total N per 100:c.c. = 0:0574 g. 

2c.c.H,O 05 13 0-0641 111-7 
2» » 45 18 (0-1424 2585 
2 9999 17:5) A Obs ee 
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The formation of nitrogen in the presence of hydrochloric acid is 
not due to hydrolysis of the amide. Experiments were made to 
test this possibility by allowing 20 c.c. of the amide solution to stand 
for 24 hours with 6 c.c. of concentrated hydrochloric acid. The 
solution was then rendered alkaline with sodium carbonate, and any 
ammonia produced estimated by the aération method of Folin. 
Acetamide gave 26-2, propionamide 26-3, asparagine 49%. 
Formamide was apparently completely hydrolysed with the forma- 
ation of 96-2°% of ammonia. 

If the reaction of amino-acids with nitrous acid in acetic acid 
solution is taken as an indication of the presence of a primary amino- 
group, the difference in the behaviour of amides should be represented 
by giving amides the alternative formula, R-C(OH):NH, which may 
be regarded as being converted in the presence of mineral acid into 
the more usual formula, R-CO-NH,, which shows the presence of an 
—NH, group. This alternative formula is supported by the form- 
ation of unstable salts of amides, which are decomposed by water. 

Urea and Derivatives——Van Slyke has stated that urea reacted 
slowly with nitrous acid in the presence of acetic acid. These 
results show that at low temperatures (from 10° to 12°) the reaction 
is not complete, but that complete decomposition occurs at 18° to 
20°. Werner, under different experimental conditions, did not 
observe complete reaction, and attributed the incompleteness to 
the formation of ammonium salts. As seen from the experiment 
with ammonium acetate, it is completely decomposed in 24 hours. 
The difference in the results seems to be due to the length of time of 
the reaction. As urea was decomposed in the presence of acetic 
acid, no experiments were made in the presence of hydrochloric acid. 
_ On comparing the results with those of amides, it appears that 


' possesses the alternative formula, HN—C seh which changes 
3 


in presence of acids to HN—C <NH, , aS proposed by Werner. 


The substance with the latter eels showing an —NH, group 
would be attacked by nitrous acid ;.isocyanic acid, which is easily 
hydrolysed to ammonium carbonate, would also yield nitrogen. 

_ This alternative formula for urea is supported by the behaviour 
of semicarbazide and urethane. One-third of the nitrogen of semi- 
earbazide was obtained as gas in the presence of acetic acid, rather 
more in the presence of 2 or 3 c.c. of hydrochloric acid. One of the 
three nitrogen atoms would thus be present as an —H,N group. 
In presence of more hydrochloric acid, large volumes Ke gas were 
evolved, suggesting that hydrazine was formed by decomposition. 
Hydrazine in another experiment was observed to produce large 
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volumes of gas, probably resulting from reduction of nitrous acid 
by hydrazine. 

Urethane behaved like the simple amides: no evolution of 
nitrogen in presence of acetic acid, but complete reaction in presence 
of hydrochloric acid. It would thus appear to have the alternative 
formula, OEt-C(OH):NH, which changes into OEt-CO-NH, in 
presence of mineral acid. 

The behaviour of biuret with nitrous acid is most easily explained 
by Werner’s formula, NH:C(OH)-NH:C(OH;.NH. In presence of 
acetic acid, this would change to NH:C(OH)-NH:CO-NH, with 
liberation of one-third of its nitrogen as gas, as found by experi- 
ment; in the presence of 2 to 3 c.c. of hydrochloric acid, the formula | 
would become NH,*CO-NH:CO-NH,; two-thirds of the nitrogen” 
was given off. In presence of 4 to 6 ¢.c. of hydrochloric acid, the 
whole of the nitrogen was evolved, indicating that the molecule was 
completely broken down. 

Guanidine and Derivatives—Guanidine reacted only slightly in 
presence of acetic acid, two-thirds of its nitrogen was given off 
in presence of 5 c.c. of hydrochloric acid, and the reaction was nearly 
complete in presence of 8 c.c. of hydrochloric acid in 23 hours. 


The alternative formula, BNO , proposed by Krall, is_ 


indicated for guanidine. This changes to the usually adopted 
formula, NH:C(NH,),, in presence of mineral acid, which explains 
the liberation of two-thirds of its nitrogen in presence of hydro- 
chloric acid. | 
Arginine behaved in a similar way to guanidine. Only the 
z-amino-group reacts with nitrous acid in presence of acetic acid. 
This reaction is used in its analysis. An excess of nitrogen over | 
one-third was found by Plimmer (Biochem. J., 1924, 18, 105) i, 
the reaction were prolonged. The whole of its nitrogen is given off | 
as gas in the presence of hydrochloric acid. 
Aminoguanidine gave off one-quarter of its nitrogen as gas in 
presence of acetic acid, but larger quantities in presence of hydro- : 
chloric acid. Corresponding with guanidine, the whole of the | 
nitrogen was not evolved as gas. | 
Creatine reacted in a similar way to guanidine and appears to 
have an alternative formula such as CO,H-CHyNMe-C< 0M, | 
which changes to the usual formula, CO,H-CH,-NMe-C(:NH)-NHg, | 
in presence of hydrochloric acid. A volume of nitrogen was evolved | 
corresponding to two nitrogen atoms. The third nitrogen atom, to 
which the methyl group is attached, would not be expected to yield 
nitrogen. Creatinine, which was also found by Wright Wilson to_ 
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react with nitrous acid in presence of acetic acid, showed an un- 
expected behaviour, indicating the presence of an amino-group. 
Tt would thus appear to have an alternative formula such as (I) 
instead of (II). 


N NH 
VAN aes 

(L) NHC CO NH:‘C CO dL) 
MeN—CH, MeN—CH, 


The effect of mineral acid in diminishing the volume of nitrogen 
evolved may be due to a change of the new alternative formula 
to the commonly adopted one. The formation of the smaller 
amounts of nitrogen in the experiments may be due to the method 
of adding the hydrochloric acid, 1 c.c. at a time; a certain volume 
would be liberated before the whole of the 6 or 8 c.c. could be 
introduced. 

Summary. 

1. Amides and urethane do not react with nitrous acid in presence 
of acetic acid. 

_ 2. Both react quantitatively in presence of approximately 2N- 
hydrochloric acid. 

3. Urea reacts quantitatively with nitrous acid in presence of 
acetic acid. 

4. Biuret reacts with one nitrogen atom in presence of acetic acid, 
with two nitrogen atoms in presence of small amounts of hydrochloric 
acid, with three nitrogen atoms in presence of 2N-hydrochloric acid. 

5. Guanidine and creatine do not react with nitrous acid in 
presence of acetic acid, but give off nitrogen in presence of hydro- 
chloric acid. 

_ Arginine, excepting its primary «-amino-group, behaves in a 
similar way. | 

6. Creatinine gives off nitrogen corresponding to one nitrogen 
atom with nitrous acid in presence of acetic acid; the volume of 
nitrogen evolved is diminished in presence of hydrochloric acid. 

7. If nitrous acid in presence of acetic acid is a reagent for the 
presence of an —NH, group, amides and the other compounds 
investigated will possess alternative formule, which, in presence 
of hydrochloric acid, change to the usually accepted formule for 
these compounds. 


The author desires to express his thanks to the Government Grant 
Committee of the Royal Society for a grant out of which the expenses 
of this research have been defrayed. 
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CCCLXIII.—Solubility Influences. PartI. The Effect 
of some Salis, Sugars, and Temperature on the 
Solubility of Ethyl Acetate in Water. 


By SAMUEL GLASSTONE and ALBERT POUND. 


AurHougH much work has been done on the influence of salts on 
the solubility in water of various non-electrolytes (for chief refer- 
ences, see Eyre, Brit. Assoc. Rep., 1910, 447; 1912, 820; Rivett 
and Rosenblum, Jrans. Faraday Soc., 1914, 9, 297; Linderstrém- 
Lang, Compt. Rend. Trav. Lab. Carlsberg, 1924, 15, No. 4), there 
seems to have been very little attempt made at a systematic 
investigation. Very little work, too, has been done on the influ- 
ence of non-electrolytes such as sugars on the solubility of other 
non-electrolytes such as ethyl acetate, ether, and aniline, and, as 
far as the present author is aware, there has been no systematic 
investigation of the effect of a mixture of substances, either elec- 
trolytes or non-electrolytes, on the solubility of a sparingly soluble, 
neutral substance. It seemed very probable that a complete 
examination of the so-called “salting out” effect would throw 
some light on the larger problem of solution, and the work described 
below was intended to be a contribution towards a more systematic 
survey of the problem than has yet been made. ' 

In the present work, the solubility of ethyl acetate has been 
determined at 25° and at 50° in pure water-and in the presence of 
various sugars and of the chlorides, bromides, and iodides of the 
alkali metals and of ammonium. Some rough measurements have 
also been made of the solubility of various salts in ethyl acetate 
saturated with water (about 3%), and an interesting qualitative 
connexion between these values and those of the solubility of ethyl 
acetate in salt solutions has been established. The solubility of 
ethyl acetate in water has also been determined at 0°, 10°, and 37°. 

Philip (J., 1907, 91, 711) has shown the advantage of expressing 
solubility results of this kind in terms of grams or gram-moles per 
1000 grams of solvent rather than per litre of solution. A further 
change is now made, the results being expressed in terms of the 
number of gram-mols. of water required to dissolve one gram-mol. 
of ethyl acetate in the presence of various molecular quantities of 
added sugar or salt; in this form the results are useful for various 
calculations and for comparison with one another. 


EXPERIMENTAL. 
Ethyl acetate made by Roberts’s method (J. Soc. Chem. Ind., 
1924, 43, 295T) was purified from alcohol by distillation over 
calcium chloride and then by several fractionations over phos- 


j 
i 
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phorus pentoxide; only the final constant-boiling fraction was 
used in this work. The salts and sugars were the purest com- 
mercial specimens, mainly supplied by the British Drug Houses, 
Ltd., and no attempt was made to purify them; slight impurities 
had very little effect on the solubility of ethyl acetate, and this 
was probably less than the experimental error. The various 
solutions were made up by careful weighing of the substance and 
the water, and were saturated with ethyl acetate as follows: Since 
the solubility of ethyl acetate in water and in aqueous solutions 
decreases with rise of temperature (see below), the solution was 
shaken with a slight excess of the ester at a temperature below 
25° or 50° and placed in a thermostat at 25° or 50°; the excess of 
ethyl acetate then separating caused the liquid to become cloudy. 
In the course of an hour or two the aqueous liquid was clear again, 
and was a saturated solution of the ester at the temperature of 
the thermostat. Care was always taken that the excess of ethyl 
acetate present was not so large that the amount of water or salt 


dissolved by it could not be neglected. 


For analysis, a quantity of the saturated solution (3 to 8 g., 


depending on the ester concentration) was transferred rapidly in 
a warmed pipette to a stoppered bottle and weighed; care was 
taken that none of the acetate layer was drawn into the pipette. 
In the cases of the various salts which it was desired to recover, 
and of the sugars, the weighed solution was diluted with water, 


washed into a distilling flask, and the ethyl acetate, and some 


water, distilled over and collected in water in such a way as to 


avoid loss of ester. The residue in the flask was always tested 


to make sure that no acetic acid, which might have resulted from 
the hydrolysis of the ester by boiling water, remained behind. 


The ester was then hydrolysed with standard sodium hydroxide 
and estimated in the usual way. When the original solution 
contained an ammonium salt, distillation was always necessary, 
and in case the salt had become hydrolysed during this process 
and ammonia distilled over, the solution, after alkali hydrolysis, 
was boiled for a few minutes without the reflux condenser in order 
to expel ammonia. If distillation was unnecessary, the weighed 
solution was diluted and hydrolysed directly. 

Results —The columns headed m and w give the number of 
g.-mols. of added substances and of water, respectively, required 
to make a solution which will be saturated with 1 g.-mol. of ethyl 


acetate at the temperature stated. The significance of the figures 
in the column headed n is explained on p. 2664. In the absence 


of any added substance the value of w (wo) is 66-15 at 25° and 
80-98 at 50°. 


| 
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GLASSTONE AND POUND: 


Lithium chloride. , 


0-858 
2-905 
_ 8:08 
31-55 
181-2 


0-219 
0-477 
1-540 
4°86 
12-03 
27-10 
59-30 


0-273 
0-589 
2-02 
6-43 
14-40 
33°42 
85:00 


70-68 

76-65 

94-34 
142-0 
218-8 
352-1 
581-4 


88-12 

94-80 
123-5 
188-0 
261-8 
434-8 
833-3 


nN. 


WIRSAAaWOCI 


OCHOHOHO S&H 


Potassium chloride. 


0-168 
0-369 
1-093 
3°06 
6-96 
12-19 
22-90 


0-213 
0-458 
1-438 
4:09 
8°87 
14-70 
31-07 


69-15 

74-75 

86-21 
112-9 
155-0 
203-7 
284-9 


87:57 

92-73 
113-3 
152-7 
197-6 
245-7 
386-1 


Rubidium chloride. 


0-578 

1-454 

5:22 
14-20 
67-8 


77-52 

93-10 
135-9 
224-7 
546-4 


CdD rh 


Lithium bromide. 


mM. We Ne 
ORS. 
0-287 68°16 7-0 
0:777 71-19 6-4 
1-824 77:14 6-0 
4°85 91-19 5-2 
13-26 96-27 2°3 
15-66 40°65 — 
50°. 
0:354 84:03 8:6 
0-935 85°47 4:8 
2-325 98-46 7-5 
6-12 115-2 5:6 
18-40 133-3 2-9 
19-58 83°5 — 
Sodium bromide. 
yd 
0-229 71-10 a 
0-630 76:76 16-8 
1-560 87°72 13-9 
4:91 121-2 11-2 
12-10 173-3 8-8 
47-40 367-6 6:4 
50°. 
0-294 91-66 vast 
0-794 96:64 19-6 
2-69 116:3 13-1 
6:43 158-7 j2-1 
15-48 221 +f, 9-1 
52-60 408-2 6-2 


Potassium bromide. 


25°. 
0-249 69-20 12-3 
0-610 76°70 17:3 
1-39 84:03 12-8 
4-29 114-9 11-3 
9-44 148-6 8-7 
21-90 220-8 7:0 

50°. 
0-370 85:09 11-0 
0:737 92:59 15-7 
1-774 107-1 14-7 
5-46 146-0 11-9 
12-65 199-2 9-3 
30-68 308-6 7:4 


Rubidium bromide. 


25°. 
0-421 73°53 17-5 
0-993 80°65 14:5 
2°55 94-69 11-2 
7:65 132-5 8-6 
24-00 222-7 6-5 


SOLUBILITY INFLUENCES. 


Lithium iodide. 
0-475 65:90 — 
0-905 62:60 — 
1-957 58:40, — 
3°44 38:5 — 
0-566 78:5 — 
1-112 76°9 — 
2-36 70°5 — 
5-02 56:0 — 
0-912 4-56, — 


Sodium iodide. 


0-163 67:14 6:7 
0-432 68-25 4:8 
0-774 68-78 3:5 
2-165 40°O0) boa 
6:46 82°58 2-5 
21-32 109:4 2-0 
0-243 84:37 13-6 
0-535 84:75 7:0 
0-978 86°58 5:6 
2-81 95:24 5:0 
8-44 107-8 3-2 
27-76 142-5 2-2 
Potassium iodide. 
0-150 68:03 12°5 
0-395 69:69 9:0 
0-860 71-43 6-1 
2-02 75:19 4:5 
6-45 87-72 3-3 
20-19 125-0 2-9 
0-181 82:26 7:0 
0-473 83:33 4:9 
1-045 86:81 5:5 
2-44 90-91 41 
7-71 106-7 3:3 
24-22 149-9 2-8 
Rubidium iodide. 
0-298 66:82 2-2 
0-635 68:78 41 
1-475 69-69 2-4 
2-66 13°42): 27 
5-69 82:58 2-9 
12°53 107-0 3-2 
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Rubidium chloride. 
mM. w.°* n. 


0-742 94-5 18-2 
6-62 172-4 13-8 
84:4 680:3 71 
Ceesium chloride. 

0-427 74-52 19-6 
1-004 86:21 20-0 
3:065 113-6 15-5 
7:04 153-1 12-4 
26-70 294-1 8:5 
132-5 671-1 4:6 
0-530 92:59 21-9 
3°802 141-0 15-7 
29-95 330-0 8:3 
197-8 1000-0 4:6 


Ammonium chloride. 


0-525 76°54 19:8 
1-568 89-14 14:7 
4:28 112-4 10-8 
8-41 139-7 8:7 
14:95 174:5 7-2 
0-632 92-14 17:6 
1-973... 112-3 15-8 
5-65 148-4 11-9 
11-42 189-8 9-4 
18-61 216-9 7:8 
Dextrose. 
0:0692 68:6 25-4 
0-1423 69-3 22-0: 
0-392 73°6 19-0 
0-871 78:6 14-3 
1-486 84:1 12-1 
2-262 90-6 10-8 
3-315 98-5 9-7 
0:0826 81:8 9-7 
0-1708 83:1 12-3 
0-462 86:6 12-1 
1-016 91-5 10-3 
1-705 96-6 9-1 
2-593 103-6 8-7 
3°722 110-7 8-0 
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Rubidium bromide. 
mM. W. nN. 
50°. 
0-502 87:64 13-2 
3°23 119-8 12-0 
40-5 375°9 7-2 
Cesium bromide. 
207. 
0-321 70:68 14-1 
0-693 74-52 12-1 
1-835 86°81 11-2 
3°47 97-95 9-1 
8-80 135-0 7°8 
50°. 
- 0-400 88-12 17:8 
2-235 105-8 11-1 
11-92 179-9 8:3 
35°10 275°5 5-5 


Ammonium bromide. 


25°. 
0-273 70-0 13-6 
0-725 74-4 11-4 
1-680 81-9 9-4 
4-33 94-0 6-4 
8°55 109-5 5-1 
16-38 122-7 3°5 
50°. 
0-338 86:5 16-2 
0-839 90:8 11-7 
2-107 =102-5 10-2 
5-55 120-6 71 
11-77 150:8 5-9 
21-78 177-0 4-4 
Levulose 
2559 
0-394 73:8 19-4 
0-867 78:3 14-0 
1-445 81-9 10-9 
2-178 87-0 9-6 
4-270 99-8 79 
8°65 131-0 7:5 
50°. 
0-475 89-0 16-6 
1-045 94-3 12:7 
1-720 97-4 9-5 
2-520 101-0 7-9 
4-76 111-2 6:3 
8-89 134:6 6:1 
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Rubidium iodide. 

mM. WwW. Nn. 
0-358 80:33 — 
1-788 84-37 1-9 
7°26 105°3 3:3 

Ceesium iodide. 

0-237 67-79 69 
0-538 68°87 5-1 
1-241 70°78 3°7 
2-70 72-30 2°3 
0-290 82:88 6:5 
1-487 84°79 2-6 
3°44 93-01 3:5 


Ammonium iodide. 


0-422 64-4 an 
0-866 63-2 ‘eam 
1-87 60-8 rca 
4-74 74 — 
12-42 62-1 ae 
0-513 80-4 aon 
1-094 79-6 a 
2-418 hots rica 
6:28 76-2 ena: 


16-32 88-8 0-5 


Sucrose. 
0:0734 66:4 
0-190 68-5 12-9 
0-406 69-6 8°5 
0-696 75-0 12:7 
1-010 77°6 11-3 
1-935 86-7 10°6 
3°57 101-5 9-9 
6:10 115-9 8-1 
0-091 82:1 12-1 
0-233 83-9 12-4 
0-508 87-0 11:8 
0-833 89-6 10°3 
1-206 92-9 9-9 
2°35 105-4 10-4 
4:18 119-0 9-1 
6°81 129-2 71 
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Lactose. 
25°. 50° 
m. WwW. Nr. ™. WwW. nN. 
0:0706 69:4 46-0 0:0848 83:3 27°1 
0-190 72°5 33°4 0-222 84-7 16-7 
0-423 17-4 26:6 0-487 89-0 16-4 
0-739 82-0 21-4 0-854 94-8 16-2 
1-094 88:7 20-6 1-234 100-0 15-6 
1-575 94-7 18-1 1-762 105-9 14-1 
Discussion. 


In general, the effect of one substance in reducing the solubility 
of another has been explained along two different lines. Euler 
(Z. physikal. Chem., 1899, 31, 360) suggested that the addition of 
a salt to water increases the internal pressure, and this results in 
a decreased solvent power for a neutral solute; this theory was 
supported by Gefficken (2bid., 1904, 49, 257), but was adversely 
criticised by Levin (bid., 1906, 55, 503). On the other hand, 
Rothmund (ibid., 1900, 33, 401) suggested that the reduction in 
solubility is due to the added salt becoming hydrated in solution, 
so that the molecules of water involved in the hydration are no 
longer available for the dissolution of another substance. Although 
Rothmund later criticised this point of view (ibid., 1909, 69, 523), 
it received support from Baur (Ahren’s Sammlung, 1903, 8, 466), 
Lowry (Trans. Faraday Soc., 1905, 1, 197) and Philip (J., 1907, 
91, 711). The last author was the first to make use of solubility 
determinations in salt solutions in order to calculate the hydration 
values of various salts; by assuming that the reduction in solubility 
of the neutral substance is entirely due to the water molecules 
removed in the salt-hydrate, average values for the number of 
molecules of hydrate water per molecule of salt can be obtained. 
Philip’s method of calculating hydration values has been applied 
to the results obtained in the present work, and the average degree 
of hydration of the salts, etc., at various concentrations, which is 
equal to (w — wo)/m, is given in the column headed n. 

Since there is some doubt as to the condition of molecules and 
ions in concentrated solutions, the hydration values for different. 
salts are best compared at infinite dilution; consequently all the 
hydration numbers obtained above have been extrapolated roughly 
to zero concentration. The results are given below; as the values 
do not vary appreciably between 25° and 50°, average results are 
recorded. 

* Hydration of Salts at Infinite Dilution. 


LiCl ...27. NaCl... 24. KCl... 22). 'NH,Cl... 21. RbCl... 20°0 CsCl... 20 
Libr... 9? NaBr...19 KBr... 17 NH,Br... 16 RbBr.-. 16  CsBr... 15 
Dik: ... :4Nal.J61? KY 3.12? NAT, |} Rbl ope ee 


PART I. THE EFFECT OF SOME SALTS, SUGARS, ETC. 2665 


The results for the lithium salts and almost all the iodides are 
uncertain; the solubility figures in italics (pp. 2662—3) show that 
lithium bromide at the highest concentrations, and lithium and 
ammonium iodides at almost all concentrations, increase the 
solubility of ethyl acetate in water. The increase is probably 
connected with the formation of a compound between the salt 
and the ester; concentrated solutions of iodides containing ethyl 
acetate have a distinct yellow colour which is not due to the presence 
of free iodine and can be attributed only to the presence of some 
complex substance in solution. There was no evidence of a meta- 
thetical reaction between the salt and the ester. The remarkable 
fact that at 25° ethyl acetate and a 60% solution of lithium iodide 
in water are miscible in all proportions merits further investigation. 
Some experiments have been made on the solubility of the various 
salts in ethyl acetate saturated with water; lithium chloride, 
sodium, potassium, ammonium, rubidium and cesium iodides are 
slightly soluble, whilst lithium bromide and iodide are consider- 
ably soluble (roughly 30% and 40%, respectively, at 25°). It is 
with the salts which are soluble in ethyl acetate, therefore, that 
anomalous results have been obtained; it follows, then, that 
whenever the added salt either combines with or is soluble in the 
neutral solute the hydration values calculated by the method 
described above are useless. 

Although the hydration values given above are in good agree- 
ment with those calculated by other authors from a variety of 
solubility measurements (Philip, Joc. cit.; Philip and Bramley, 
J., 1915, 107, 377; McArthur, J. Physical Chem., 1916, 20, 495; 
Thorne, J., 1921, 119, 262; Manchot, Jahrstorfer, and Zepter, 
Z. anorg. Chem., 1924, 141, 45), it does not follow that hydration 
is the main, or even the subsidiary, cause of salting-out. This 
effect may be due to some other fundamental property of each 
_ ion or molecule, which is independent of the nature of the sub- 
| stance being salted-out, provided no compound formation occurs. 
In the case of the sugars, some of the hydration values calculated 
| by the method described above appear to be incredibly large and 
to vary considerably with temperature, and so it is probable that 
_ other factors are operative. 

It is seen also that molecules of a non-electrolyte have the power 
of reducing very considerably the solubility of ethyl acetate in 
water. Euler and his co-workers (Z. Elektrochem., 1917, 23, 192; 
Z. physiol. Chem., 1924, 140, 113) appear to have tacitly. assumed 
that only ions are responsible for salting-out, but it is clear that 
this assumption is not justifiable. McKeown also (J. Amer. Chem. 
Soc., 1922, 44, 1203), in attempting to assess the salting-out powers 
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of sodium- and chlorine-ions, assumes that the salting-out effect 
of undissociated molecules is very small; he finds that when ether 
is salted out with sodium chloride the effect is entirely due to the 
chlorine ions. It should be pointed out, however, that since the 
equations from which this result is obtained are admittedly 
approximate, the conclusion is of little value; almost equally 
good agreement with most of the equations may be obtained by 
using entirely different values from those of McKeown. In the 
case of ethyl acetate, it is clear that both anions and kations have 
definite salting-out power; the kations would be placed in the 
order Li>Na>K>NH,>Rb>Cs, and the anions in the order 
Cl>Br>1I. | 

Various authors have attempted to obtain equations which 
connect the solubility of a neutral substance in a salt, or other, 
solution with the concentration of added salt; in general, an 
equation of the type logs = a — ke has been found to be most 
satisfactory, where s is the solubility of the neutral substance, 
c the concentration of salt, and a and k are constants (for references, 
see Thorne, loc. cit., and Linderstrém-Lang, loc. cit.). In the 
present work, it has not been possible to find any one equation 
which will fit all the results up to the highest concentrations of 
added salt; in general, the logarithmic equation was found to 
hold good in the form log w = km/w + a, where a and & are con- 
stants for a given salt, and w and m have the same meaning as 
before, up to concentrations of 2—3N. For some salts—sodium, 
potassium, and rubidium chlorides—the agreement was very good. 
almost up to the saturation point. In those cases in which the 
salt was soluble in ethyl acetate the logarithmic equation was not 
obeyed at all. In the presence of lithium chloride, the solubility 
of ethyl acetate may be expressed by the straight-line equation 
w—km-+a, and a similar equation holds good for the more 
concentrated sugar solutions. The fact that the results will not 
all conform to one simple equation suggests that the salting-out 
effect is due to several different factors, on which, it is hoped, 
further investigations will throw light. 


Solubility of Ethyl Acetate in Water. 


As the literature is very deficient in measurements of the solu- 
bility of ethyl acetate in water at different temperatures, a number 
of determinations have been made by the method described above 
for salt solutions, with the following results :— 


Grams of Ethyl Acetate dissolved by 100 grams of Water. 
10:40 at 0°; 8-96 at 10°; 7:39 at 25°; 6:65 at 37°; 6-04 at 50°. 
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The following figures have been obtained by interpolation from a 
graph :— 
7°85 at 20°; 7-06 at 30°; 6-50 at 40°. 
The solubility thus decreases steadily as the temperature is raised 
from 0° to 50°. 
Summary. 


(1) The solubility of ethyl acetate has been determined at 25° 
-and 50° in solutions of the chloride, bromide, and iodide of the 
alkali metals and of ammonium, and in solutions of dextrose, 
levulose, sucrose, and lactose. 

(2) It is shown that hydration of the salt may be one of the 
factors responsible for the salting-out effect; this effect may, 
however, be due to some other fundamental property of salt ions 
or molecules. Molecules, as well as ions, probably have considerable 
salting-out power. 

(3) The solubility of ethyl acetate in salt solutions is best expressed 
by a logarithmic equation, e.g., log w = km/w + a; the application 
of this equation, however, is limited to the more dilute salt solutions. 

(4) The solubility of ethyl acetate in water has been determined 
~ at 0°, 10°, 25°, 37°, and 50°; the solubility decreases with increasing 
temperature. 


The authors are indebted to the Chemical Society for a grant 
from its Research Fund which defrayed part of the expense of 
this work. Their thanks are also due to Mr. A. L. Stephens, B.Sc., 
and Mr. W. R. P. Hodgson, B.Sc., for valuable assistance. 
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CCCLXIV.—The Preparation of Tertiary Arsines by 
the Friedel-Crafts Reaction. 


| By Arruur Freperick Hunt and Eustace EBENEZER TURNER. 


THE first successful application of the Friedel-Crafts reaction to the 
preparation of tertiary arsines was the conversion of phenylmethyl- 
chloroarsine into diphenylmethylarsine (Burrows and Turner, J., 
1921, 119, 426). If the reaction were generally applicable to the 
preparation of tertiary arsines, cases would arise where it would 
be preferable to syntheses involving the use of the Grignard reagent. 
A few examples have been studied, and it has been found that 
phenylmethylchloroarsine (chosen because of its ready accessibility) 
condenses with mesitylene to give phenylmesitylmethylarsine, and 

with toluene and bromobenzene to give mainly the para-compounds, 
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phenyl-p-tolylmethylarsine and p-bromodiphenylmethylarsine, respect- 
ively. Proof of the constitution of the two last-named compounds 
has been obtained by independent syntheses, using the usual 
methods. In other Friedel-Crafts reactions, bromobenzene gives 
mainly para-compounds (Dilthey, J. pr. Chem., 1925, 109, 273). 

It appears to be advisable, in the case of Friedel-Crafts reactions 
with arsenic compounds, to use an excess of the non-arsenical com- 
ponent, and to remove the hydrogen chloride as fast as it is formed 
by keeping the reaction mixture gently boiling under diminished 
pressure. In the reaction with bromobenzene, a little of the latter 
is converted into 4-bromodiphenyl. 


EXPERIMENTAL. 


Preparation of Phenylmethylchloroarsine—The substitution of 
methyl chloride and sulphate for methyl iodide in the methylation 
of phenylarsenious oxide (Burrows and Turner, loc. cit.) gave 
unsatisfactory results (yields of phenylmethylchloroarsine, 56% 
and 55%, respectively). 

Preparation of Phenyl-p-tolylmethylarsine—(a) From phenyl- 
methylchloroarsine and toluene. To a mixture of 15 g. of phenyl- 
methylchloroarsine and 60 g. of toluene were added 15 g. of powdered 
anhydrous aluminium chloride, and the resulting red solution was 
heated under reflux for 2-5 hours; evolution of hydrogen chloride 
had then almost ceased. The dark-coloured product was poured 
on to a mixture of ice and hydrochloric acid, when a brownish-red 
precipitate and a green, fluorescent oil separated. The oil was 
removed and filtered, washed with sodium hydroxide to remove 
unchanged chloroarsine, dried over anhydrous sodium sulphate, and 
freed from toluene by distillation. The residue, when distilled 
under diminished pressure, gave 8 g. of phenyl-p-tolylmethylarsine 
(see below), an almost colourless liquid, b. p. 164—165°/12 mm. 
(Found: As, 29-1. C,,H,;As requires As, 29-1%). The arsine 
has an unpleasant fishy odour, and slowly oxidises on keeping, with 
gradual separation of colourless crystals. It combines with methyl 
iodide slowly at the ordinary temperature (2 to 3 weeks), and 
rapidly at 100°, with production of phenyl-p-tolyldimethylarsonvum 
iodide, colourless prisms, m. p. 93° (Found: I, 31-7. C,;H,,[As 
requires I, 31-8%). 

Phenyl-p-tolylmethylarsine combines readily with ethyl iodide 
at 100° to give the phenyl-p-tolylmethylethylarsonium iodide 
obtained by Michaelis (Annalen, 1902, 321, 160) from phenyl-p- 
tolylethylarsine and methyl iodide. The iodide was described by 
Michaelis as melting at 145° or at 150—151° when crystallised from 
alcohol, or from water, respectively. The compound has now 
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been found to melt at 150° when crystallised from alcohol, and at 
158° when crystallised from water. Once it had been crystallised 
from water, recrystallisation from either solvent did not affect the 
m. p. (158°) (Found : I, 30-6. Cale., I, 30-7%). 

Phenyl-p-tolylmethylarsine forms with mercuric chloride a white, 
crystalline additive compound, which may be crystallised from glacial 
acetic acid. 

(b) From magnesium p-tolyl iodide and phenylmethylchloroarsine. 


A Grignard reagent made from 24 g. of p-iodotoluene, 2-6 g. of mag- 


nesium, and 100 c.c. of ether was slowly treated with 20-4 g. of 
phenylmethylchloroarsine dissolved in 20 c.c. of ether. When the 
initial reaction was over, the whole was heated under reflux for 
2 hours, and worked up in the usual manner. In this way, 18 g. 
(76% yield) of phenyl-p-tolylmethylarsine were obtained, b. p. 
167°/14 mm. The odour of this sample was less pronounced than 
that of the sample from (a), but both substances otherwise possessed 
similar properties. The arsine from (b) gave the same methiodide 
(m. p. 92°) as that from (a), a mixture of the two methiodides 
melting at 92°. 

Preparation of Phenylmesitylmethylarsine —A mixture of 15 g. of 
phenylmethylchloroarsine and 35 g. of mesitylene, treated with 
15 g. of aluminium chloride, became slightly warm and turned red. 
It was boiled gently under reflux at 75—-80°/45 mm. for some hours; 
when the evolution of hydrogen chloride slackened, the product was 


_ poured on to a mixture of ice and hydrochloric acid. The resulting 


oil was extracted with benzene, the extract filtered from a reddish- 
brown precipitate, shaken with alkali, and worked up in the normal 
manner; 15 g. of mesitylene and 7 g. of phenylmesitylmethylarsine 
(yield 30%) were obtained. The latter is a colourless, mobile liquid 
having a faint fishy odour, oxidises slowly in the air to give a white, 


erystalline solid, and boils at 164°/17 mm. (Found: As, 26-6. 


C,,H,, As requires As, 26-2%). 
The arsine combines readily with methyl iodide at 100° to give 
phenylmesityldimethylarsonium iodide, which is moderately soluble 


in alcohol, and separates from that solvent in colourless prisms, 
_m. p. 187° (Found: I, 29-6. C,,H,,[As requires As, 29:7%). 


The arsine combines with benzyl bromide slowly at the ordinary 


_ temperature, and rapidly at 100° to give phenylmesitylbenzylmethyl- 


arsonium bromide, which crystallises from alcohol, or better, from 
water, in colourless prisms, m. p. 179—180° (Found: Br, 17-7. 
C,,H,)BrAs requires Br, 17:5%). 

Preparation of p-Bromodiphenylmethylarsine—(a) From phenyl- 


_ methylchloroarsine and bromobenzene. A mixture of 20 g. of the 
_ chloroarsine, 60 g. of bromobenzene, and 20 g. of aluminium chloride 
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was kept briskly boiling under diminished pressure (bath at about 
35°). After an hour, when the evolution of hydrogen chloride had 
almost ceased, the cooled product was poured on to ice and hydro- 
chloric acid, and was worked up in the usual manner. On distil- 
lation, 35 g. of bromobenzene were recovered. At 140—160°/15mm., 
2 g. of 4-bromodipheny] distilled (white plates, m. p. 81°. Found : 
Br, 33-9. Calc., Br, 34:34). At 170—200°/15 mm., 5 g. of 
p-bromodiphenylmethylarsine (see below) distilled as a colourless 
liquid (Found: As, 23-6. C,,H,,.BrAs requires As, 23-2%). 

The arsine combined readily with methyl iodide in a closed tube 
at 100° to give a crystalline product which could not be recrystallised 
from the usual solvents. The combination of the arsine with methyl 
iodide in the cold (2 to 3 weeks), however, gave p-bromodiphenyl- 
dimethylarsonium iodide. This was precipitated by absolute ether 
from its solution in absolute alcohol, and formed very pale yellow 
prisms, m. p. 87° (Found: I, 27-0. C,,H,,BrlAs requires I, 27-:3%). 

The benzobromide of »-bromodiphenylmethylarsine was obtained 
as a colourless viscid mass which could not be crystallised. 

(b) From p-bromophenylmethyliodoarsine. »p-Bromophenylarsinic 
acid was prepared from p-bromoaniline in the usual manner, and 
reduced with hydrochloric—hydriodic-sulphurous acid, when 
p-bromophenyldichloroarsine was obtained. The crude, red dichloro- 
arsine, when treated with sodium carbonate in presence of warm 
water, gave p-bromophenylarsenious oxide as a sticky yellow solid. 
It was purified by dissolving in alcohol and precipitating with water, 
and then formed white prisms, m. p. 259—261° (Found: As, 30-7. 
C,H,OBrAs requires As, 30-4°%). The oxide may be methylated 
direct, but as some pure dichloroarsine was required for another 
purpose, the oxide was converted into the latter in the usual manner. 
p-Bromophenyldichloroarsine was thus obtained as a heavy, orange- 
coloured liquid, boiling at 164°/18 mm., and having physiological 
properties similar to those of phenyldichloroarsine (Found : Cl, 23-5. 
C,H,Cl,BrAs requires Cl, 23-5%). 

The dichloroarsine (30-2 g.) and 16 g. of sodium hydroxide were 
dissolved in a mixture of 200 c.c. of water and 200 c.c. of alcohol, 
16 g. of methyl iodide were added, and the mixture was left for 12 
hours. Concentrated hydrochloric acid (500 c.c.) and a little potas- 
sium iodide were added, and the solution was saturated with sulphur 
dioxide. The dark-coloured oil which separated was dried over 
sodium sulphate, and distilled under diminished pressure, when 25 g. 
(70% yield) of p-bromophenylmethyliodoarsine were obtained, b. p. 
178—180°/23 mm. ‘The iodoarsine became solid on cooling, and 
formed pale yellow needles, m. p. 36-5° (Found: I, 34:1. C.H-BrlAs 
requires I, 34:0%). 
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A Grignard reagent was prepared from 12 g. of bromobenzene, 
24 g. of magnesium, and 250 c.c. of ether, and a solution of 24 g. 
of the iodoarsine was slowly added, a vigorous reaction occurring. 
The mixture was heated under reflux for 0-5 hour, and decomposed 
in the usual manner. The ethereal extract was shaken with alkali 
before being dried over sodium sulphate. p-Bromodiphenylmethyl- 
arsine (12 g., 60% yield) was finally obtained, having properties 
similar to those of the product of the Friedel-Crafts reaction. Identity 


of the two products was established through the methiodides, which 


—— 


did not depress each other’s m.p. 

During the course of this work, the following compounds were 
prepared incidentally : 

p-Chlorophenyldichloroarsine, a colourless, highly refractive liquid, 
b. p. 277° or at 160°/23 mm. [Found: Cl (attached to arsenic), 
27-5. CgH,ClAs requires Cl, 27-6%]. p-Chlorophenylarsenious oxide, 
which crystallises from benzene in white needles, m. p. 198° (Found : 
As, 36:4. C,H,OCIAs requires As, 37-0%). Di-p-chlorophenyl- 
chloroarsine, a pale yellow solid, m. p. 51° (Found: Cl, 31:8. 
C,,H,Cl,As requires Cl, 32-0°%). 


Part of the expense of this investigaton was met by a grant from 


_ the Chemical Society Research Fund, for which the authors express 


their thanks. 
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CCCLXV.—yy'-Dichlorodipropyl Sulphide. 
By GrorGcE MacponaLD BENNETT and ALFRED Louis Hock. 


THE remarkable chemical reactivity of 68’-dichlorodiethyl sulphide 
must be attributed to the influence of the sulphur atom upon the 
two chlorine atoms. A high degree of reactivity is, in fact, generally 
shown by the chlorine atom in compounds of the general formula 
R-S-CH,°CH,Cl, and there is a correspondingly high reactivity in 


_ the hydroxyl group of the parent compound, R-:S-CH,-CH,-OH 


{compare Bennett, J., 1922, 121, 2140). The isomeric ««’-dichloro- 


diethyl sulphide (Bales and Nickelson, J., 1922, 1241, 2137; Mann 
and Pope, J., 1923, 123, 1172) readily yields its chlorine when 
boiled in solution with alcoholic sodium hydroxide; the chlorine 
is therefore in a reactive condition. No data, however, are avail- 
able for a quantitative comparison of the properties of chlorine atoms 
situated in the «- and 8-positions. 

yy -Dichlorodipropyl sulphide, the first simple chlorosulphide 
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having the chlorine atom in the y-position, has now been prepared. 
It is decidedly less reactive than 88’-dichlorodiethyl sulphide and 
gg’-dichlorodipropyl sulphide (Coffey, J., 1921, 119, 94; Pope and 


Smith, ibid., 396). It was prepared from yy'-dihydroxydipropyl — 
sulphide obtained by the action of sodium sulphide on y-chloropropy! _ 


alcohol, but the replacement of the hydroxy] groups in the dihydroxy- 
sulphide by chlorine was as exceptionally difficult as the analogous 
reaction is surprisingly easy with ®-hydroxy-sulphides. Whereas 


the latter operation is completed in a few minutes by boiling con-— 


centrated hydrochloric acid (Clarke, J., 1912, 101, 1583; Coffey, 
loc. cit.), replacement of the hydroxyl groups of yy'-dihydroxy- 
dipropyl sulphide did not occur when any of the usual reagents 
such as hydrochloric acid, phosphorus tri- or penta-chloride, or 
phosphorus tri-iodide were employed, and hydrogen chloride at 
150° reacted only slowly to give a poor yield of chloro-compound. 
The hydroxy] groups in this sulphide are therefore less reactive than 
is usual in a primary alcohol. The use of thionyl chloride alone 


gave no better result, but the dichlorodipropyl sulphide was obtained — 
easily in good yield when this reagent was used in presence of — 


dimethylaniline (Darzens, Compt. rend., 1911, 152, 1314). 

The difference in character of the $- and the y-chlorine atoms is 
well shown by the action of potassium cyanide in alcoholic solu- 
tion upon 8@’-dichlorodiethyl and yy'-dichlorodipropyl sulphides. 
Whereas Davies has shown that the former is converted into an 
unexpected substance of the formula C,H,,S,(CN), (J., 1920, 117, 
298), we find that the latter is smoothly converted into the dinitrile 
of thiodibutyric acid (Gabriel, Ber., 1890, 23, 2493). 

A study of the oxidation of yy’-dichlorodipropyl sulphide showed 
that the sulphur atom in the molecule has unusual properties. 
Although the action of sodium hypobromite, nitric acid, or hydrogen 
peroxide upon the sulphide at laboratory temperature might be 


expected to furnish a sulphoxide, these reagents produced the same 


compound which resulted from oxidation with chromic anhydride 

in boiling glacial acetic acid, namely, the sulphone, 
SO,(CH,°CH,°CH,Cl),, 

of m. p. 66°. It thus appears to be a property of the sulphide to 

take up two atoms of oxygen per molecule instead of one. More- 


over, neither a sulphilimine nor a mercurichloride could be obtained | 


from it, and its dibromide, which can be prepared only in the presence 
of a very large excess of bromine, is even more unstable than the 
dibromide of £§’-dichlorodiethyl sulphide, so that there seems 
to be a general reluctance to form derivatives involving quadri- 
valency of the sulphur atom. 


A comparison of the rates of reaction of 88’-dichlorodiethyl and | 
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_yy'-dichlorodipropyl sulphides with sodium hydroxide in ethy] 
_ alcohol showed that, the course of the two reactions being assumed 
_to be similar, the former reacts sixty times as fast as the latter. 
We hope to make a systematic comparison of these and other chloro- 
sulphides when a synthesis of a 3-chloro-sulphide has been com- 
pleted. 
| EXPERIMENTAL. 
_ Action of Sodium Sulphide on y-Chloropropyl Alcohol.—A solution 
of sodium sulphide (95 g. Na,S,9H,O) in an equal weight of water 
was added cautiously in three portions to y-chloropropyl alcohol 
(60 g.), the mixture heated under reflux for 3 hours and then dis- 
tilled with steam until the distillate no longer gave a white precipi- 
tate with mercuric chloride. The distillate was boiled with an excess 
of yellow mercuric oxide, filtered, concentrated, and cooled; a 
small quantity of the mercaptide of y-hydroxypropyl mercaptan, 
Hg(S-C,H,-OH),, then separated out. It crystallised from n-butyl 
alcohol in silvery plates, m. p. 132—134° (Found: Hg, 52-9. 
'C,H,,0.S,Hg requires Hg, 52:5%). . 

The solution remaining in the distillation flask was made acid 
with hydrochloric acid and concentrated on the steam-bath. The 
bulk of the sodium chloride was removed by filtration after dilution 
with acetone, the solution dried, and the acetone evaporated. The 
Tesidual viscous oil was heated in a current of dry air at 100° under 
diminished pressure and finally poured off from a little sodium 
chloride which it deposited from solution. 

yy'-Dihydroxydipropyl sulphide, S(C,H,°OH),, was thus obtained 
as a viscous oil which could not be distilled or induced to crystallise, 
and was not analysed. With phenylcarbimide it reacted at once 
to give the bisphenylurethane, S(C,;H,-O-CO-NHPh),, colourless 
needles from benzene, m. p. 146—148° (Found :, C, 62-1; Hy 6-5. 


C,oH,,0,NS requires C, 61:8; H, 6-2%). ~~ ~te 
_ Action of Thionyl Chloride, Phosphorus Halides, and Hydrogen 
Chloride upon yy'-Dihydroxydipropyl Sulphide—The dihydroxy- 
Sulphide was not appreciably affected by heating for 2 hours with 
‘boiling concentrated hydrochloric acid. The action of thionyl 
chloride, phosphorus tri- or penta-chloride or phosphorus tri-iodide. 
led to the production of non-volatile substances which were pre- 
sumably esters of the corresponding hydroxy-acids. For example, 
alter the dihydroxy-compound had reacted in presence of dry 
benzene with phosphorus tri-iodide (2/3 mol.), the material recovered 
: from the solution could not be distilled under diminished pressure, 
and when kept in a desiccator it slowly hardened to a resinous mass 
without crystallising, an odour of mustard being simultaneously 
developed. 
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The replacement of the hydroxyl groups was first achieved as 
follows: the dihydroxypropy! sulphide was heated at 150—160° 
while a stream of dry hydrogen chloride was passed into it for 2-5 
hours. The product was distilled; a small quantity of an oil, 
b. p. 135—150°/25 mm., was obtained, which consisted of practically 
pure dichlorodipropyl sulphide (yield 17%). 

yy'-Dichlorodipropyl Sulphide—Thionyl chloride (80 g.) was 
added drop by drop to a well-cooled mixture of yy'-dihydroxy- 
dipropyl sulphide (45 g.) and dimethylaniline (80 g.), kept below 
60°. The mixture was then heated at 100° for 4 hour, poured into 
an excess of dilute hydrochloric acid, the oil extracted with chloro- 
form, and the extract washed with water, dried, and distilled. 
yy'-Dichlorodipropyl sulphide, S(Cz,H,Cl),, was thus obtained as a 
faintly yellow oil of pronounced odour, b. p. 162°/43 mm. (yield 
83%) (Found: C, 38:9; H, 6:5; Cl, 38-2; S, 16-7. C,H,,CL8 
requires C, 38:5; H, 6-3; Cl, 37-9; 8, 17-15%). The following 
constants were determined: D%” (vac.) = 1:175, 22” = 1-5075, 
whence [Ry]. = 47-42 (calc., 47:25). The liquid did not crystal- 
lise when cooled to the temperature of liquid air and allowed to 
revert slowly to normal temperature. 

Compound with Platinic Chloride——This was obtained in 
greenish-yellow plates, m. p. 83-5—85°, by adding platinic chloride 
(0:86 g.) in acetone to the chloro-sulphide (0-46 g.) also dissolved 
in acetone (5 ¢.c.), the product crystallising in the course of a 
few hours. It had the composition 2S(C,H,Cl),,PtCl, (Found : 
Pt, 27-7. C,,H,,C],SPt requires Pt, 27-4%). 

An unstable dibromide, S(C;H,Cl),Br,, was obtained from the 
chloro-sulphide (0-94 g.) with bromine (4 g.) in carbon tetrachloride 
(5 c.c.). ‘The crystals were quickly filtered off, washed with a little 
of the pure solvent, dried on porous tile, and analysed at once, since 
the substance decomposed completely when kept over-night (Found : 
Br, 57-7. C,H,,Cl,Br,8 requires Br, 59-8%). 

Repeated attempts to prepare a sulphilimine led only to the 
isolation of toluene-p-sulphonamide, m. p. 137° (Found: C, 48-8; 
Hi6-3) Cale: C401; myo 5): : 

Action of Methyl Iodide——When the chloro-sulphide was mixed 
with methy] iodide (5 mols.), crystals appeared in the liquid within 
1 hour, of m. p. 179—181°, but a sufficient quantity for analysis 
could not be collected. If left in the liquid, the crystals soon’ 
redissolved and a viscous oil separated. This oil was almost entirely 
soluble in water, but the solution deposited an oil again on evapor- 
ation and dissociation of the sulphonium compound evidently took' 
place with liberation of the original sulphide. The residue obtained 
by evaporating the excess of methyl iodide from the original mixture 
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could not be induced to solidify, but it readily combined with 
_tInercuric iodide to produce a solid which crystallised from acetone— 
chloroform in yellow needles (the chloro-sulphide itself is quite 
indifferent to mercuric iodide). After three recrystallisations, the 
substance had m. p. 84—88° and analysis showed it to be di- 
_ chlorodipropylmethylsulphonium mercuri-iodide, (C3H,Cl).SMel, Hel, 
(Found : Hg, 27-1; AgCl + AglI, 123-7. C,H,,Cl,I,SHg requires 
“Hg, 25-65; AgCl + Agl, 126-5%). This compound was evidently 
not quite pure, but further purification was not possible, since dis- 
sociation of the substance occurred in solution, an odour of the 
original chloro-sulphide being always developed during recrystal- 
lisation. 
Action of Oxidising Agents.—The chloro-sulphide was shaken with 
an ice-cold solution of sodium hypobromite (1-8 mols.), the mixture 
_ heated at 50° for 5 minutes, and finally cooled in ice; the oil obtained 
solidified to a mass of crystals, which were recrystallised from 
_benzene-light petroleum. This substance was yy’ -dichlorodipropyl- 
sulphone, (C5H,Cl),SO,, m. p. 65—66° (Found: ©, 32:7; H, 5-6; 
Cl, 32-4. C,H,.0,C1,S requires 0, 32:9; H, 5-5; Cl, 32:4%). It is 
appreciably soluble in water and readily soluble in most organic 
solvents with the exception of light petroleum. In view of the 
unexpected nature of this product the analyses were repeated—with 
similar results. The substance was also produced when the chloro- 
sulphide was (i) dropped into a mixture of fuming (2 vols.) and con- 
centrated (1 vol.) nitric acid cooled in a freezing mixture; (ii) 
dissolved (0-94 g.) in glacial acetic acid (2 c.c.), mixed with hydrogen 
peroxide (0-7 g. in 2 c.c. of 60% acetic acid) slowly with cooling, and 
kept at laboratory temperature for 48 hours; and (iii) heated for 
2 hours in boiling glacial acetic acid with chromic anhydride (twice 
the calculated amount to produce a sulphone). 
yy -Diphenoxydipropyl Sulphide (PhO-C,H,),S.—The  chloro- 
sulphide (1-2 g.) was heated at 180° for 2 hours with phenol (6 g.) 
and sodium ethoxide (from 0:3 g. of sodium). The mixture was 
mnade acid and distilled with steam. The residual oil solidified when 
washed with a little aqueous alkali, and was then recrystallised from 
‘Methyl alcohol; m. p. 45° (Found: OC, 71:35; H, 7-4. C,sH,,0,8 
requires C, 71-35; H, 7-:3%). 
yy -Di-p-tolyloxydipropyl sulphide, prepared in a similar way from 
p-cresol, had m. p. 50—52° (Found: C, 72:9; H, 7:9. OC, H,,0.8 
requires C, 72-7; H, 7-9%). 
Action of Piperidint on the Chloro-sulphide—When a mixture of 
the chloro-sulphide with piperidine (8 mols.) was kept for 24 hours, 
erystals of piperidine hydrochloride separated out. The mixture 
Was made alkaline and distilled with steam. The residual oil 
| 4U 2 
: 


ii 
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was removed in ether, the extract dried and evaporated, when 
yy’ -dipiperidinodipropyl sulphide, (C;H,)N-C3H,).8, was left as an 
oil which did not crystallise. It readily yielded a prcrate, which 
crystallised from methyl alcohol in yellow needles, m. p. 199—200° 
(Found : C, 45-3; H, 5-8. CygH3g0,N,8 requires C, 45:3; H, 5-2%). 

Action of Potassium Cyanide.—The chloro-sulphide (1-87 g.) was 
heated in boiling ethyl alcohol for 9 hours with potassium cyanide 
(2 g.=8 mols.). The alcohol was evaporated, water added, the 
precipitated oil removed in ether, and the ether evaporated. The 
crude dinitrile thus obtained was at once hydrolysed by boiling with 
concentrated hydrochloric acid (15 c.c.) for 2 hours. The cold 
diluted solution was extracted several times with ether, and the 
extract on evaporation left a solid (0-8 g.) which was crystallised 
once from a little water and once from benzene-light petroleum. 
This substance was thiodibutyric acid, of m. p. 99—101° (Gabriel, 
loc. cit., and Davies, J., 1920, 117, 297) (Found: by titration, equiv., 
105. Cale., 103-1). 

Action of Potassium Sulphide.—The chloro-sulphide (4:0 g.) 
was heated for 3 hours with a boiling ethyl-alcoholic solution of 
freshly prepared potassium sulphide (from 4:8 g. of potassium 
hydroxide); the mixture was then distilled with steam. The 
residual oil, which solidified on cooling, crystallised from carbon 
disulphide-light petroleum as a white powder melting indefinitely 
between 50° and 70°. Repeated crystallisation failed to separate 
any substance of sharp melting point. This material, although 
evidently not a pure chemical individual, had approximately the 
composition of a polymeride of hexamethylene disulphide (Found: 
C, 48-0; H, 8-4; M, cryoscopic in camphor, 1400, 1740. C,Hy8, 
requires O, 48-65; H, 81%; DM, 148). It closely resembles the 
‘‘ nolymeric ” diethylene disulphide which results from the action 
of alkali sulphides upon ethylene dibromide or dichlorodiethyl 
sulphide, and both are probably mixtures of substances having a 
long open-chain structure (compare Bennett and Whincop, J., 
1921, 119, 1861; Staudinger, Helv. Chim. Acta, 1925, 8, 67). 

Comparison with 88'-Dichlorodiethyl Sulphide with respect to Speed 
of Reaction with Alcoholic Sodium Hydroxide.—A solution of dichloro- 
diethyl sulphide in ethyl alcohol (10 c.c.; 0-23 mol. per litre) was 
added to boiling alcoholic sodium hydroxide (25 c.c. ; 0-5115N), and 
the mixture boiled under reflux. It was found by titration that 
after 5 minutes the reaction had completed itself to the extent 
of 71:5%. An approximately equivalent solution of yy’-dichloro- 
dipropyl sulphide (10 c.c.; 0-25 mol. per litre) was mixed with the 
same volume of the same solution and boiled for 5 hours; the 
reaction had then completed itself to the extent of 71-7%. 
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CCCLXVI.—Researches on Sulphuryl Chloride. Part 
IV. Further Studies on a New Chlorinating Agent. 
Preparation of Polychloro-derivatives of Toluene. 


By OSWALD SILBERRAD. 


Is previous communications (J., 1921, 119, 2029; 1922, 121, 
1015) it was shown that anhydrous aluminium chloride and sulphuryl 


chloride interact to form aluminium chlorosulphoxide, AICI1,:SO, ; 


and that in the presence of sulphur, aluminium sulphur chloride, 


_AICI,:SCI-SCI:AICl,, is produced: further, that towards sulphuryl 


chloride both these compounds act as potent catalysts, the latter 


being quite the most convenient chlorinating agent at our disposal, 


and also one of the most powerful. 
It is with the object of extending our knowledge of this 


reagent, hitherto restricted to its action on benzene (loc. cit.), 
that the present research on the chlorination of toluene was 
undertaken. 


The only earlier work that has any bearing on this subject is 


that of Witte (Pharm. Rec., New York, Dec. 16, 1889), Tohl and 


Eberhard (Ber., 1893, 26, 2943), and Béeseken (Rec. trav. chim., 


1911, 30, 381). These experimenters all investigated the action 
_ of sulphury] chloride on toluene in the presence of aluminium chloride 
under conditions conducive to the Friedel-Crafts reaction and 


obtained mixtures composed of o- and p-toluenesulphony! chlorides 
as the chief ingredients, together with lesser amounts of o- and 
p-chlorotoluenes, ditolylsulphone (T. & E.), and o- and p-toluene- 
sulphonic acids (B.). 

If, however, sulphuryl chloride containing about 1% of sulphur 
chloride be run into a mixture of toluene and anhydrous aluminium 


chloride previously heated at about 70°, aluminium sulphur chloride 


is instantaneously formed and chlorination takes place as rapidly 


as the mixture is added, an almost theoretical yield of mono-, di-, 


tri-, or penta-chlorotoluene being produced with equal ease and 


rapidity by simply adjusting the relative proportions of hydro- 
carbon and reagent. Progressive chlorination proceeds in accord- 
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ance with the following scheme, indeed the isomerides therein 
depicted are produced almost to the exclusion of all others : 


Me Me Me 


\ GAN Gl 
ben cl Worm eikock. 
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The nature and proportions: of the various isomerides produced 
differ sufficiently from those hitherto obtained by direct chlorination 
to render it necessary to refer briefly to each stage of the chlorination. 

Monochlorotoluenes.—The ratio of the para-compound to the 
ortho in the product is slightly higher than that in the case of 
chlorination in presence of an aluminium—mercury couple (Cohen 
and Dakin, J., 1891, 79, 1119) but lower than that obtained by the 
electrolysis of a mixture of toluene and hydrochloric acid (Cohen, 
Dawson, and Crossland, J., 1905, 87, 1035). 

Dichlorotoluene.—Here the 2 : 4-isomeride is produced almost in 
a state of chemical purity. This is surprising, for the only chloro- 
toluene higher than the mono-derivative hitherto produced by the 
action of sulphuryl chloride on toluene is the 3 : 4-isomeride, which 
Toh] and Eberhardt obtained in small quantity by heating a mixture 
of these substances in ‘a sealed tube at 160° (Ber., 1893, 26, 2942). 
All other means of preparing dichlorotoluene by direct chlorination 
of the hydrocarbon give rise to complex mixtures of the following 
isomerides—3 : 4- (Beilstein and Kuhlberg, Annalen, 1868, 146, 
319), 2: 6- (Aronheim and Dietrich, Ber., 1875, 8, 1402), 2: 4- and 
2:3- (Seelig; Annalen, 1887, 237, 157), 2: 5- (Wynne, P., 1901, 
417, 116); compare also Cohen and Dakin (J., 1901, 79, 1119), who, 
by working with o- and p-chlorotoluene separately, showed that 
the product obtained by chlorinating toluene in the presence of an 
aluminium-—mercury couple contained all these isomerides with the 
possible exception of 2 ; 5-dichlorotoluene. 

Trichlorotoluenes.—As was to be expected from the nature of 
the dichlorination product, the addition of the required quantity of 
the new reagent to toluene leads to the formation of practically 
nothing but the 2:4:5- and 2:3: 4-trichloro-derivatives, indeed 
they are so free from other isomerides that these two compounds 
can be easily separated, and in this respect the product compares 
very favourably with that obtained by any of the known processes 
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of chlorinating toluene, which lead to mixtures of 2:3:4-, 2:4: 6-, 
2:3:6-, and 2:4: 5-trichlorotoluenes (Limpricht, Annalen, 1866, 
439, 303; Beilstein and Kuhlberg, Aronheim and Dietrich, Seelig, 
loc. cit., Cohen and Dakin, J., 1902, 81, 1324). 

T etrachlorotoluenes.—In this instance some doubt appears to exist 
as to precisely what isomerides are formed by direct chlorination. 
Limpricht (loc. cit., p. 327) obtained a tetrachlorotoluene melting 
at 96° (the 2:3:4:5-isomeride melts at 98-1°). On the other 
hand, working with antimony pentachloride, Beilstein and Kuhlberg 
(Annalen, 1869, 150, 287) isolated a compound the m. p. of which 
(91—92°) agreed more closely with that of the 2 : 3 : 4 : 6-isomeride 
(91-5—92°). Again, Cohen and Dakin (J., 1904, 85, 1283), who 
subsequently investigated this subject by further chlorinating the 
trichloro-compounds in presence of an aluminium—mercury couple, 
obtained from the 2: 3 : 4-isomeride a product, melting at 89—91° 
and giving a nitro-derivative, m. p. 149°, which they concluded to 
be 2:3:4: 6-tetrachlorotoluene (m. p. 91-5—92°; nitro-derivative, 
m. p. 153°); and from 2:4: 5-trichlorotoluene, a product melting 
at 86—88° which they took to be the 2:3:4:5-derivative. The 
same experimenters, however, subsequently showed that this 
particular isomeride melts at 97—98° (J., 1906, 89, 1453), so there 
still remains some doubt as to its formation. The results obtained 
with the new chlorinating agent appear to confirm this and Lim- 
pricht’s observation that the isomeride (the 2:3:4:5-) is the 
principal one obtained by introducing four chlorine atoms into 
toluene. ‘The method cannot, however, be recommended for the 
preparation of any of the tetrachlorotoluenes, for not only are the 
isomerides formed in such proportions that there is considerable 
difficulty in separating them, but also the trichlorotoluenes show 
a great tendency to pass directly to the pentachloro-derivative 
under the influence of the reagent, behaving in this respect in a 
manner analogous to that observed in the preparation of penta- 
chlorobenzene (Silberrad, J., 1922, 121, 1020). In this connexion 
it is to be observed that both these compounds are penta-substituted 
derivatives of benzene. 

Pentachlorotoluene.—Unlike other powerful chlorinating agents, 
which lead to products contaminated with hexachlorobenzene 
(Beilstein and Kuhlberg, Annalen, 1869, 150, 898; Fichter and 
Glantzstein, Ber., 1916, 49, 2473), the new reagent does not attack 
the side chain at all; this is neither substituted nor split off. Penta- 
chlorotoluene, which is formed with the utmost ease, is the end- 
product of the reaction; the yield is nearly theoretical and the 
product practically pure. 
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EXPERIMENTAL. 


The preparation of the reagent and the general procedure adopted 
were similar to those previously described (J., 1922, 121, 1018). 
The apparatus consisted of a suitable-sized flask fitted with and 
ground to a 6-bulb reflux condenser,* the upper portion of which 
was connected through a trap to a flask containing 10 litres of water 
to absorb the sulphur dioxide and hydrogen chloride which are 
copiously evolved during the reaction. The required quantity of 
the reagent (i.e., sulphuryl chloride containing 1% of sulphur 
chloride) was run into toluene mixed with anhydrous aluminium 
chloride, the apparatus being immersed in a water-bath previously 
heated to about 70°. Chlorination took place at the rate at which 
the reagent was run in. The actual time occupied was approxim- 
ately 4 hour per chlorine atom introduced; thus, trichlorotoluene 
was obtained after 14 hours, and the pentachloro-derivative after 
23 hours. ‘This period may be much shortened if desired. 

2- and 4-Chlorotoluenes—On adding the chlorinating agent 
(280 g. = 25%, excess) to a mixture of toluene (184 g.) and anhydrous 
aluminium chloride (10 g.) under the conditions described above, a 
vigorous reaction took place at once; the product was at first 
brilliant purple, but rapidly became ruddy-brown. After washing 
with hot water, 247 g. of an oil were obtained which distilled almost 
wholly between 153—165°/758 mm., yielding 222 g. in one instance 
and 227 g. in another (88% of the theoretical). The nature and 
proportions of the isomerides present were determined by oxidising 
50 g. of the product with permanganate; 21 g. of p- (m. p. 236°) 
and 16 g. of o-chlorobenzoic acid (m. p. 137°) were obtained; no 
meta-acid could be detected. 

2: 4-Dichlorotoluene—The chlorinating agent (560 g.) was run 
into a mixture of toluene (184 g.) and anhydrous aluminium chloride 
(10 g.) as above described, and the reaction completed by heating 
at 100° for a few minutes, the total time occupied being 1 hour. 
The deep brown reaction product yielded 240 g. of a heavy oil 
when boiled with water, and 220 g. of almost_pure 2: 4-dichloro- 
toluene on subsequent fractionation. 

Preparation of 2:4-dichloro-3 : 5-dinitrotoluene. In order to 
identify it, the above oil (100 g.) was run into a mixture of nitric 
acid (200 c.c.; d 1-48) and sulphuric acid (400 c.c.; d 1-84) at 60°; 
the reaction mixture was then heated at 105° for 4 hour. On 
pouring the product into water, an oil separated which, on cooling, 
set to a pale yellow, crystalline mass: this, filtered off from the 


* A very convenient form of apparatus for the purpose is obtainable from 
Messrs. Townson and Mercer, Ltd., 34 Camomile St., E.C. 
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_ adherent oil, washed with cold alcohol, and recrystallised from the 

same solvent, yielded 94 g. of pure 2 : 4-dichloro-3 ; 5-dinitrotoluene, 
m. p. 104-3° (corr.) (Cohen and Dakin give 104°, and Seelig 102°) 
(Hound: Cl, 28-3%). 

Preparation of 2: 4-dichloro-3 : 5-dinitrobenzoic acid. The oily 
residue from which the above product had separated was boiled 
(20 g.) with nitric acid (200 c.c.; d 1-42) and mercuric nitrate 

| (2 g.) for 120 hours. On cooling, 11 g. of 2: 4-dichloro-3 : 5- 
_-dinitrobenzoic acid (m. p. 210—211°. Found: Cl, 25-22%) 
crystallised; no other isomeride could be detected. 

It must therefore be concluded that on chlorinating toluene as 
above described the product consists of almost pure 2 : 4-dichloro- 
toluene. 

2:4:5-and 2:3: 4-Trichlorotoluenes.—Into a mixture of toluene 

_ (184 g.) and anhydrous aluminium chloride (10 g.) at 70°, the 
chlorinating agent (840 g.) was run during 14 hours. On boiling 
the dark vandyke-brown reaction mass with water, and fraction- 
ating, the oily product (324 g.) passed over between 215° and 245°; 
this slowly set to a crystalline mass consisting of almost equal parts 

of 2:4:5- and 2:3: 4-trichlorotoluenes (yield 83%). 

Isolation and identification of 2 : 4 : 5-trichlorotoluene. The crystal- 
line mass was freed from oil, washed with cold alcohol} and recrystal- 
lised from the same solvent, whereby 151 g. of pure 2 : 4 : 5-trichloro- 
toluene separated as glistening needles or leaflets, m. p. 82:4° 
(corr.) (Found: Cl, 54:3%). From this, 2:4: 5-trichloro-3 : 6- 
dinitrotoluene, m. p. 227°, was prepared. 

Isolation and identification of 2 : 3 : 4-trichlorotoluene. The residual 

_ oil and mother-liquors from which the 2: 4: 5-isomeride had been 
.separated yielded, on fractionation, 158 g. of an oil, b. p. 225—239°, 
together with 17 g. of a lower fraction which consisted chiefly of 
dichlorotoluene. On standing, the main fraction set to a wax-like 
mass; this was mascerated with 300 c.c. of cold alcohol. The 

residue, 7:2 g., consisted chiefly of the 2 : 4 : 5-isomeride and melted 

_ after several recrystallisations at 81—82°. Water was added to 

- the alcoholic extract until a permanent opalescence appeared, just 

_ sufficient alcohol added to redissolve this at 20°, and the solution 
kept at 0° for several days; the wax-like, crystalline solid which was 
obtained (74 g.), on recrystallisation from alcohol, melted at 41° 
and proved to be 2:3: 4-trichlorotoluene (Found: Cl, 54:4%). 
The yield of the pure substance was 56 g. 

Preparation of 2:3: 4-trichloro-5 : 6-dinitrotoluene. On adding 
water to the mother-liquors from which 2 : 3 : 4-trichlorotoluene had 
crystallised an oil (70 g.) was precipitated which, on nitration as 


_ described in the preparation of 2: 4-dichloro-3 : 5-dinitrotoluene, 
4u* 


= 
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vielded 64 g. of 2:3: 4-trichloro-5 : 6-dinitrotoluene, m. p. 141° 
(Found: Cl, 44:2%). No derivatives of other isomerides could be 
isolated. The above results therefore correspond to a yield of 
40°, of 2: 4: 5-trichlorotoluene and 34°% of the 2:3 : 4-isomeride. 

2:3:4:5-Tetrachlorotoluene—The direct preparation of this 
compound from toluene is not to be recommended, because on 
treating toluene (184 g.) with sufficient of the chlorinating agent 
(1120 g.) to produce the tetrachloro-derivative as above described, © 
besides trichlorotoluene (104 g.) and pentachlorotoluene (130 g.), 
a mixture of isomeric tetrachlorotoluenes (87 g.) is obtained, the 
separation of which presents the greatest difficulty. The trichloro- 
toluene so produced consists chiefly of the 2 : 3: 4-isomeride, from 
which it would appear that when a mixture of 2:3:4- and 
2:4: 5-trichlorotoluenes is subjected to the action of the new 
chlorinating agent the 2:4: 5-isomeride is converted into the 
pentachloro-derivative before the 2:3:4-compound is attacked 
to any appreciable extent. An experiment with a mixture of these 
isomerides confirmed this conjecture, whilst a further experiment 
with pure 2:3: 4-trichlorotoluene led to a result similar to that 
above described where toluene was the initial material. Pure 
2:4: 5-trichlorotoluene was therefore used for the preparation of 
the tetrachloro-derivative : to this end, this compound (98 g.) was 
mixed with anhydrous aluminium chloride (5 g.), the surrounding 
water-bath raised to incipient ebullition until the trichloro-compound 
had completely melted, and the chlorinating agent (70 g.) was then 
run in. On cooling, the product set to a dark brown, scaly mass. 
This was boiled with 100 c.c. of toluene and 50 c.c. of water, the 
toluene solution separated, and mixed with an equal volume of 
alcohol; the bulk of the pentachlorotoluene present (12 g.) slowly 
crystallised in long, glistening needles. 

The mother-liquor, which contained the whole of the tetrachloro- 
toluene, was freed from solvent and fractionally distilled. The first 
fraction, b. p. 230° + 15° (11 g.), consisted chiefly of unaltered 
2:4: 5-trichlorotoluene. - 

The second fraction, b. p. 273° -- 15° (49 g.), was again treated 
as above described for the removal of pentachlorotoluene, and a 
further 2 g. were thus removed; the mixed solvent was then — 
distilled off and the residue ground up with 25 c.c. of cold absolute 
alcohol; this treatment, repeated twice, the alcoholic extract being 
filtered off each time, yielded 4 g. of 2: 4: 5-trichlorotoluene. The 
solid residue (40 g.) consisted chiefly of 2:3: 4: 5-tetrachloro- 
toluene, and after eleven recrystallisations from a series of solvents — 
(light petroleum—benzene; alcohol; and dilute alcohol) was 
obtained in long, flexible, silky needles, closely resembling asbestos 
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in appearance, melting at 98-1° (corr.) and giving 2:3: 4: 5-tetra- 
_ chloro-6-nitrotoluene, m. p. 159-6° (corr.), on nitration under con- 


ditions similar to those described above in the preparation of 
2 : 4-dichloro-3 : 5-dinitrotoluene. 
Identification of 2:3: 4: 6-tetrachlorotoluene and preparation of 


_ 2:3:4: 6-tetrachloro-5-nitrotoluene. The compounds present in the 

_ mother-liquors from which the 2 : 3: 4: 5-isomeride had separated 
were bulked, freed from solvent, redissolved in alcohol, and roughly 
_ separated into three fractions by precipitation. Each fraction was 
_ nitrated as described above, and the nitro-products were fractionally 
_ erystallised from alcohol of varying degrees of dilution. Worked 


up in this manner, the first and second fractions only yielded 


_ products having constant melting points; that from the former 


melted at 159° and was evidently 2:3: 4 : 5-tetrachloro-6-nitro- 
toluene, and that from the latter melted at 154° and appeared 
to be 2:4:5:6-tetrachloro-3-nitrotoluene (Found: Cl, 51-1. 
C,H,0,NCl, requires Cl, 51-6%). It seems probable, therefore, 
that the compound, m. p. 153°, obtained by Cohen and Dakin as 
the final product of nitrating 2:3: 4: 6-tetrachlorotoluene (J., 
1904, 85, 1231) was the true nitro-derivative and that the substance 


_ melting at 131—134° which they took to be 2:3: 4 : 5-tetrachloro- 


3-nitrotoluene owed its low melting point to the presence of the 
unnitrated compound; indeed, as these investigators point out, 
their analysis shows the presence of a considerable quantity (about 
10°%) of this impurity. The true melting point of 2:4: 5 : 6-tetra- 
chloro-3-nitrotoluene therefore appears to be 154°. Unfortunately, 


_ the quantity obtained by this most tedious process was too small 
_ to admit of a more complete identification. 


i 


Pentachlorotoluene.—Toluene (184 g.) mixed with aluminium 
chloride (10 g.) was treated with the chlorinating agent (1632 g. = 
20% excess) as above described, the reaction being completed by 
heating in the boiling water-bath for } hour. During the chlorination 
the reacting mixture became successively a brilliant purple liquid, 
a red-brown liquid, a dark brown, scaly mass, an almost white, 
crystalline lump. On boiling the product with 3 litres of benzene 
and 100 c.c. of water, separating the benzene solution, and allowing 
it to cool, the pentachloro-compound (380 g.) crystallised in almost 
colourless needles which, on recrystallisation, melted at 217-5° 
(uncorr.) (Found: Cl, 67-1°%). Pentachlorotoluene is soluble in 
3°4 vols. of toluene at 87° and in 22 vols. at 17°. 

Action of the Chlorinating Agent on Pentachlorotoluene.—A mixture 
of pentachlorotoluene (100 g.), anhydrous aluminium chloride 
(10 g.), and the chlorinating agent (200 g.) was heated on the water- 


bath for 8 hours. On recrystallising the product from benzene, 
40*2 
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88 g. of pentachlorotoluene, m. p. 217°, were recovered, whilst the 
residue, which was almost insoluble in benzene, after recrystallis- 
ation from chlorobenzene, melted at 272—274° and appeared to be 
a condensation product, possibly nonochlorophenyltolylmethane, 
C,Cl,*CH,°C,Cl,-CH;, produced by the condensation of penta- 
chlorotoluene (2 mols.) under the influence of anhydrous aluminium 
chloride (Found: Cl, 64-4. C©,,H;Cl, requires Cl, 65-0%). 

Pentachlorobenzoic acid.—Owing to the great similarity existing 
between hexachlorobenzene and pentachlorotoluene, and the very 
slight influence the addition of the former has on the melting point 
of the latter, the purity of the pentachlorotoluene recovered as 
above described was further established by oxidising 20 g. with 
nitric acid (200 c.c.; d 1-42) and mercury (2 g.), by boiling the 
mixture until solution was complete (150 hours). On pouring the 
acid liquor into water, a white, crystalline precipitate separated ; 
this redissolved completely in ammonia and proved to be practically 
pure pentachlorobenzoic acid, m. p. 199-5° (Found: Cl, 59-6. 
Calc., Cl, 60:2%). The acid is very soluble in toluene or alcohol. 
It has the extraordinary property of separating from the latter 
solution as an oil on dilution, in spite of its high melting point. It 
is best crystallised from toluene—light petroleum, from which it 
separates in large, truncated prisms. 


My thanks are due to Messrs. A. Boake Roberts and Co. Ltd., 
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CCCLXVII.— Reduction Products of the Hydroxyanthra-_ 


quinones. Part VII, 
By Wiri1am BERTRAM MILLER and ARTHUR GEORGE PERKIN. 


A COMPARISON of the formule of the hydroxyanthrones obtained 
during the reduction of 1-hydroxyanthraquinone and of 1:2-_ 
dihydroxyanthraquinone (alizarin) is of interest because, whereas 
the former (I) contains the hydroxyl adjacent to the carbonyl group, | 
in the latter aes the hydroxyls are in the 3 : 4-positions thereto. 
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_ As is well known, the hydroyxl group adjacent to the carbonyl 
| group in hydroxy-ketones differs in properties from those present 
in other positions, and to explain this, it is assumed to be involved 
_ with the carbonyl to form an ortho-quinonoid, or a six-membered, 

chelate grouping (Sidgwick and Callow, J., 1924, 125, 527 ), or that 
In any case some form of attraction exists between the two. If 
_ the reduction of the hydroxyanthraquinones follows the scheme 
applicable to anthraquinone itself, 
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it is reasonable to assume that owing to the attraction of the 

«-hydroxyl for carbonyl, in the change from b to c, these will take 
_ up adjacent positions, as, indeed, occurs with the 1-hydroxyanthrone 
(1) derived from 1-hydroxyanthraquinone. For a similar reason, 
itis to be expected that, as the «-hydroxyl is present in alizarin also, 
this on reduction will yield the 1 : 2-dihydroxyanthrone, whereas 
as a matter of fact the 3 : 4-dihydroxy-compound is produced (II). 
To account for this, it seems likely that in this case the attraction 
of the «-hydroxyl for the carbonyl is either non-existent, or is 
_ Suppressed by the greater attraction of the @-hydroxy] for the para- 
position thereto, and thus in the change from (b) to (c) the 3: 4- 
dihydroxy-compound results. In support of this is the fact that 
2-hydroxyanthraquinone when reduced gives 3-hydroxyanthrone 
_(V), and therefore there is reason to presume that in these cases the 
6-hydroxyl is the determining factor, or that, in other words, a 
_ para-quinonoid structure is preferred even when «- and $-hydroxyls 
are simultaneously present. It was interesting, therefore, to study 
the behaviour of alizarin 2-methyl ether * in these circumstances, 
for owing to the etherification of the 2-hydroxy] group this compound 
more closely resembles in general properties 1-hydroxyanthraquinone 
than alizarin itself and it was to be anticipated that 1-hydroxy-2- 
methoxyanthrone (IV) would result. With stannous chloride and 
hydrochloric acid as reducing agent, this is the case, although in 
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* According to Graebe and Thode (Annalen, 1906, 349, 207), alizarin 
dimethyl ether reduced with zinc dust and ammonia gives 3 : 4-dimethoxy- 
anthrone, together with a second compound, probably 1 : 2-dimethoxy- 
anthracene. 
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addition to this compound, which is the main product, a small 
amount of 4-hydroxy-3-methoxyanthrone (deoxyalizarin mono- 
methyl ether ; III) is produced, accompanied by much viscid matter. 
In order to determine the constitution of these compounds, recourse 
was had to the benzanthrone reaction, followed by a study of the 
behaviour of each product when methylated, by means of methyl 
iodide and alkali. From the pale yellow anthrone (III) in this 
manner, benzalizarin methyl ether (VI) was obtained, and in proof 
of this an identical compound was prepared from benzalizarin 
itself (J., 1920, 117, 702). 
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On the other hand, the orange-coloured anthrone (IV) gave, 
although in small amount, a compound to which formula (VII) has 
been assigned, demethylation having occurred during the reaction ; 
it has not been ascertained, however, whether the hydroxyls occupy 
the 3:4- or 5:6-positions. Whereas it was previously shown 
(loc. cit.) that both hydroxyls of benzalizarin are readily methylated 
with methyl iodide and alkali, with the compound (VII), for which 
the name isobenzalizarin is suggested, this is not the case, as under 
drastic treatment with these reagents only a monomethy] ether is 
produced. Evidently, therefore, a hydroxy] is here present adjacent 
to the carbonyl group, and this view is supported by the fact that, 
whereas monoacetylisobenzalizarin is readily obtained, the diacetyl 
compound can be prepared therefrom only by prolonged digestion 
with boiling acetic anhydride and pyridine. 

Benzalizarin and isobenzalizarin differ widely in their dyeing 
properties with mordants, for whereas the former gives shades 
analogous to those of alizarin itself (Joc. cit.), the latter dyes yellow 
and is scarcely a strong colouring matter. This is of interest, 
because it is generally assumed that the tinctorial properties of the 
hydroxyanthraquinone dyestuffs, as, e.g., alizarin, are due at least 
in part to an ortho-quinonoid or some similar arrangement in which 
the 1-hydroxy- and the adjacent carbonyl group are involved. In 
such a sense, however, benzalizarin must be regarded as a para- 
quinonoid, and isobenzalizarin as an ortho-quinonoid dyestuff, and 
this suggests that the dyeing properties of alizarin,* which resemble 
those of benzalizarin but differ markedly from those of isobenzalizarin, 


* A para-quinonoid structure was suggested by one of us for the mono- 
alkali salts of the hydroxyanthraquinones (J., 1899, 75, 433). 
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may be-due to the presence of a para-quinonoid rather than to an 
_ ortho-quinonoid grouping. 

_ Ifa survey be made of the phenolic mordant dyestuffs, and more 
especially of those in which adjacent hydroxyl groups are present, 
it will be observed that for most of them a para-quinonoid arrange- 
ment only is possible; of the very numerous instances which can 
__ be given, fisetin (VIII) and the dihydroxybenzylidenecoumaranone 
(IX; Friedlander and Rudt, Ber., 1896, 29, 878), both powerful 
dyestuffs, may be cited. 
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On the other hand, whereas other colouring matters of this 
adjective class, as, for instance, gallacetophenone (X) and the 
hydroxyanthraquinones, may be considered to dye by virtue of 
either an ortho- or para-quinonoid grouping, there is, with the 
exception of such feeble dyes as euxanthone, which do not contain 
adjacent hydroxyls, an almost complete lack of colouring matters 
_ to which an ortho-quinonoid grouping only can be applied. 

Experiments are in progress with the hope of obtaining, in addition 
to isobenzalizarin, dyes which come under the latter category. 

A preliminary study of the behaviour of anthrapurpurin 2 : 7-di- 
methyl ether on reduction has at present resulted in the isolation, in 
small yield, of but one anthrone, which is probably the 4-hydroxy- 
3 : 6-dimethoxy-compound. Much viscid matter is simultaneously 
produced. 

7 EXPERIMENTAL. 

Alizarin 2-Methyl Ether—To a boiling solution of commercial 
alizarin paste (150 g.) in 10° sodium hydroxide solution (525 c.c.), 
methyl sulphate (110 c.c.) was gradually added, and the mixture 
was repeatedly treated with sodium hydroxide solution (50 c.c.) 
and the equivalent quantity of methyl sulphate.* The product 
was collected, stirred with sodium carbonate solution to remove 
alizarin, the crude methyl ether (30 g.) dissolved in benzene and 
precipitated therefrom as potassium salt by alcoholic potassium 
hydroxide; some alizarin dimethyl ether remained in solution. The 
potassium salt was decomposed with acid, and the alizarin 2-methy] 
ether thus obtained was recrystallised from benzene until the melting 
point, 229-230°, was constant (Found: C, 70-8; H, 4:05%). In 
addition to the alizarin dimethyl] ether, m. p. 214-215°, a second 


* A modification of the method of Graebe and Thode (loc. cit.). In all, 
875 c.c. of caustic soda solution and 195 c.c. of methyl sulphate were employed. 
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dimethyl ether of identical appearance but melting at 169-171° 
could be isolated from the final mother-liquor if the crude alizarin 
2-methyl ether was crystallised from benzene. This was evidently 
a methylalizarin dimethyl ether derived from 2-methylalizarin 
present in the dyestuff employed, in that it could not be produced 
by the further methylation either of alizarin 2-methyl ether or of 
alizarin dimethyl ether with methyl sulphate and alkali. : 

Reduction. A mixture of alizarin 2-methy]l ether (10 g.), stannous 
chloride (100 g.), and 33% hydrochloric acid (500 c.c.) was boiled 
for 1} hours. The crystals, without apparent solution, were con- 
verted into a brown tar which, on cooling, solidified to a hard, 
brittle mass, some yellow crystals simultaneously separating from 
the acid liquid. The ground product was dissolved in about 100 c.c. 
of alcohol, and the crystals which separated on cooling were collected 
(yield 6 g.). The dark-coloured mother-liquor on evaporation 
yielded an orange-brown resin, from which nothing definite could be 
isolated. The crystals when extracted with a little boiling benzene — 
gave a pale yellow residue (A) in small amount, whereas from the 
extract orange-red needles (B) separated on cooling. 

(A), crystallised from much benzene with the aid of animal 
charcoal, gave pale yellow needles, which were recrystallised from 
alcohol (Found: C, 75-1; H, 5:1; CH, 6:1. C,,;H,,0, requires 
C, 75:0; H, 5-0; CH, 6:25%). 4-Hydroxy-3-methoxyanthrone, 
m. p. 202°, yields an acetyl compound, which crystallises in lemon- 
yellow needles, m. p. 185—186°, and is oxidised by chromic acid in 
acetic acid solution to acetylalizarin 2-methy]l ether. 

(B) crystallised from alcohol, in which it was less soluble than A, 
in orange-red needles, m. p. 135—137° (Found: C, 74:9; H, 5-0; 
CH,, 6-2. C,,;H,,.0, requires C, 75-0; H, 5-0; CHa, 6-25%). 
1-Hydroxy-2-methoxyanthrone is thus obtained in much larger 
amount than its isomeride. Like this, on oxidation it yields alizarin 
Z-methyl ether. The diacetyl derivative crystallises from alecohol— 
acetic acid in yellow plates, m. p. 202° (Found: C, 70-3; H, 4:9; 
C,H,05, 36-7. Cy 9H,,0; requires C, 70-4; H, 4-9; C,H,0,, 37-0%). 

Benzalizarin Monomethyl Ether—A mixture of 4-hydroxy-3- 
methoxyanthrone (4 g.), sulphuric acid (47 c.c.), water (23 c.c.), 
and glycerol (8 g.) was gradually heated at 125—130°, being well 
stirred, and kept for 1 hour. The solution when cold was 
poured into water, the green precipitate collected, washed, dried, 
and in the ground condition repeatedly treated with boiling alcohol. 
The extract was concentrated, poured into much ether, the solution 
filtered, washed with water, evaporated to dryness, and the pale 
brown, friable residue (1-4 g.) titurated with ether to remove resinous 
matter. By acetylation, crystals were obtained which, after re- 
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_ erystallisation from alcohol-acetic acid, gave 0:4 g. of pale yellow 
_ needles, m. p. 205—207° (Found: C, 75:3; H, 4:15; CH, 4-85. 
C,5H,,0, requires C, 75-4; H, 4:4; CH,, 4-:7%). 

This compound, which is acetylbenzalizarin methyl ether, when 
_ hydrolysed with hydrochloric acid in presence of acetic acid gave 
86-13% of benzalizarin monomethyl ether, whereas theory requires 
| 86:8%. ‘The latter is thus obtained as long, orange needles, m. p. 
247—249°, sparingly soluble in caustic soda solution and in alcohol, 
soluble in sulphuric acid with a violet-red coloration (Found: 
_C, 78-0; H, 4:55. C,.H,,0, requires C, 78-3; H, 4:3%). 

Sulphuric acid, in presence of acetic acid, gives the oxonium 
sulphate, as long, hair-like, maroon-coloured needles. 

The product from the Zeisel determination of the acetyl compound 
was poured into bisulphite solution. ‘The crystals produced had 
all the properties of benzalizarin and yielded an acetyl compound, 
the melting point of which, 202—204°, was slightly higher than 
that previously given (loc. cit.). 

Benzalizarin monomethyl ether was also obtained by the partial 
methylation of benzalizarin itself. Acetylbenzalizarin (0-95 g.) in 
boiling methyl alcohol (20 c.c.) and methyl iodide (8 c.c.) was 
gradually treated with caustic potash (0-35 g.) in methyl alcohol. 
The crystalline substance produced (0-64 g.), m. p. 247—249° after 
recrystallisation, was identical with the benzalizarin methyl ether 
described above. A small amount of benzalizarin dimethyl ether 
_was present in the original mother-liquor. 
 isoBenzalizarin.—A mixture of 1-hydroxy-2-methoxyanthrone 

(substance B) (4 g.), sulphuric acid (47 c.c.), water (2°5 c.c.), and 
glycerol was heated at 120—130° for] hour. The solution was poured 
into water, the precipitate collected, dried, and the colouring 
matter present isolated by means of the alcohol and ether treatment 
described under benzalizarin methyl ether. The orange-red powder 
thus obtained (1-4 g.) was washed with acetone to remove resin, 
and after recrystallisation from the same solvent gave 0-6 g. of 
_orange-yellow needles. These by treatment with boiling acetic 
anhydride and pyridine for a few seconds gave a crystalline deposit 

of the acetyl compound, which crystallised from much acetone in 
bright orange-yellow, flat needles (0-3 g.); * m. p. 243—245° (Found : 
C, 74:85; H, 4:35. C,)H,.0, requires C, 75-0; H, 3-9%). 

_ This compound, Bee eaulinnbencalscontis is very sparingly 
soluble in acetone or alcohol. It contains no methoxy-group and 


* This small yield of isobenzalizarin was evidently due to the 1-hydroxy- 
2-methoxyanthrone suffering alteration on heating with sulphuric acid. An 
amorphous product was thus produced which was soluble in caustic soda 
_ with a reddish-brown tint, and in cold acetone with a red colour. 
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when hydrolysed gives 86-6% of isobenzalizarin, theory requiring 
86-2%. This crystallised from nitrobenzene in orange needles, 
m. p. 260—262° (Hound: ©, 77-3; H, 3-9. C);H.jO.)requimes 
Ge77-95 1, 3:85): 

woBenzalizarin gives with sulphuric acid a green, fluorescent, 
orange-red liquid and with boiling dilute alkalis, orange-yellow 
solutions with which baryta water yields orange-red precipitates. 
By digesting the monoacetyl derivative with boiling alcoholic 
potassium acetate, orange needles of a potassium salt are deposited. 
It is unaltered by long boiling with hydriodic acid. isoBenzalizarin 
is somewhat resistant to full acetylation, but by a long digestion 
with acetic anhydride and pyridine a diacetyl derivative is obtained 
which crystallises from acetic anhydride in yellow needles, m. p. 
214° (Found : C, 73-3; H,4-0. C,,H,,0, requires C, 72-8; H, 4:0%). 

isoBenzalizarin Monomethyl Hiher.—A mixture of isobenzalizarin 
(0-3 g.), methyl alcohol (20 c.c.), and methyl iodide (8 c.c.) was boiled 
during 8 hours, caustic potash (0-2 g.) * in methyl alcohol being 
gradually added. The crystals produced were washed with hot 
dilute hydrochloric acid to decompose a potassium salt present and 
crystallised from much alcohol, giving deep yellow needles (0-186 g.), 
m. p. 196—198° (Found: C, 78-2; H, 4:15; CH, 5:17. C,.H,,03 
requires C, 78-3; H, 4-3; CH,, 5-4%).° 

The mother-liquor contained a small amount of the same com- 
pound, but the presence of a more highly methylated product could 
not be detected. 

By prolonged digestion with acetic anhydride and pyridine the 
trace of isobenzalizarin methyl ether available gave an acetyl 
compound which crystallised in yellow needles, m. p. about 178—_ 
180°. 

vsoBenzalizarin dyes mordanted woollen cloth shades which are 
very distinct from those given by benzalizarin. 


Chromium. Aluminium. Tin. Iron. 
isoBenzalizarin. Brownish-  Greenish- Pale Brown. 
yellow. yellow. yellow. 
Benzalizarin. Brownish- Dull reddish- Bright Brownish- 
maroon. orange. orange. black. 


Anthrapurpurin Dimethyl Ether —Triacetylanthrapurpurin (5 g.) 
was methylated as in the preparation of alizarin 2-methyl ether 
(vide supra), 37 c.c. of methyl sulphate and 185 ¢.c. of caustic soda. 
solution being used in all. After removal of the anthrapurpurin’ 
trimethyl ether present, and crystallisation from benzene, the 
dimethyl ether was obtained in orange-red needles, m. p. 234—235° 


* Approximately 2} times the quantity required for the production of a 
dimethy] ether. 


* 
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| (Found: C, 67-9; H, 4-2; CH,, 10-4. C,,H,,0; requires C, 67-6; 
eH, 4:2; CH,, 10-6%). . 


The acetyl compound forms yellow needles, m. p. 204—205°. 
Anthrapurpurinanthranol Dimethyl Ether.—A mixture of anthra- 
purpurin dimethyl ether (5 g.), stannous chloride (50 g.), and 30% 


_ hydrochloric acid (250 c.c.), boiled for 14 hours, yielded a black, 
_ granular mass, which was collected, washed with dilute hydrochloric 
acid, and dried. The product dissolved in alcohol was poured into 
ether, the precipitated amorphous impurity removed, the clear 


liquid. evaporated, and the sandy residue washed with acetone until 


colourless. This on digestion with acetic anhydride and pyridine 
yielded diacetylanthrapurpurinanthranol dimethyl ether, which 


erystallised from alcohol-acetic acid in colourless needles, m. p. 


iw178° (Found: CO, 69-6; H, 5-0. C,)H,,0, requires C, 67-8; H, 


51%), 


The authors are much indebted to the British Alizarine Co. Ltd. 


for the alizarin and anthrapurpurin used in this investigation. 


THE UNIVERSITY, LEEDS. [Received, August 15th, 1925.] 


CCCLXVIII.—Studies with the Microbalance. Part II. 
The Photochemical Decomposition of Silver Chloride. 


By Ernest JOHANNES HARTUNG. 


THE investigation of the action of light on silver chloride by gravi- 
metric methods has not hitherto given very definite results. It is 
well known that the halide loses chlorine and diminishes in weight 
when insolated, but the changes are usually insignificant and afford 
little evidence as to the nature of the products of the action. Baker 
(J., 1892, 61, 728) tried to analyse the dark photochloride produced 
when 51 g. of silver chloride were insolated with repeated shaking, 
but only 14 mg. of chlorine were evolved after considerable exposure 
to light. Richardson (J., 1891, 59, 536) found 8% of the total 
halogen to be freed when 26 g. of silver chloride under water were 
insolated, but Koch and Schrader (Z. Physik, 1921, 6, 127), using 
extremely small amounts of the dry substance, could not detect 
greater changes in weight than 1 or 2%. A preliminary test carried 
out by the author with the microbalance (J., 1922, 121, 688) showed 
that a very thin film of the halide weighing 0-0880 mg. lost 81% of 
its total chlorine when insolated for 12 days in a vacuum. ‘This line 
of attack was therefore promising, and the results of an extended 
investigation are now given. The Steele-Grant microbalance 


Cs 
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employed carried a load of 105 mg. and was sensitive to 2 x 10% 
mg.; it was used in ideal conditions in a roomy cellar and had been 
thoroughly tested for 2 years. The weighings with this instrument 
are recorded to the nearest 10 mg. and they are thoroughly trust- 
worthy to this degree of precision, for small discrepancies, in every 
case where they were noted, could be traced to the inevitable errors 
of manipulation and were never due to inaccuracy of the balance. 
The general plan of the work was similar to that used for the case 
of silver bromide (J., 1924, 125, 2198); very thin films of the chloride 
on vitreous silica sheets were sealed up in glass vessels containing 
suitable chlorine absorbents and insolated for definite periods. 
The films were then weighed again and finally tested in various ways. 
Some experiments have also been made on the rate of chlorination 
of thin films of silver, and of the product of insolation of silver 
chloride. 

Preparation of Films of Pure Silver Chloride ——Films of pure silver 
on vitreous silica were made by chemical deposition and subsequent 
ignition at 400° as already described (loc. cit.). These films were 
then chlorinated by exposure to dilute chlorine, which was made in 
the usual way from manganese dioxide and hydrochloric acid, — 
followed by washing with water and drying with concentrated _ 
sulphuric acid. The rate of chlorination was comparatively slow _ 
unless the gas was dilute and the weight of the resulting silver 
chloride usually agreed closely with that calculated from the weight 
of silver taken. The maximum divergence was 1 part in 240 parts 
and the average was | part in 1400 parts. These results are dis- 
tinctly less consistent than those obtained previously with silver 
bromide, where the maximum divergence was 1 part in 1000 parts 
and the average, 1 part in 2400 parts. Indeed, the whole process of 
chlorination of silver exhibited peculiarities which have not been 
observed in bromination. For example, a certain optimum concen- 
tration of chlorine in mixtures with air was found, at which addition 
of the halogen tosilver occurred most easily, and the speed of chlorina- 
tion rapidly diminished as the chlorine concentration became greater 
than this optimum. Also, chlorine which was made from bleaching 
powder and dilute sulphuric acid gave chlorinated films in which the 
added halogen was from 3 to 4% in excess of that required to form _ 
silver chloride. The excess could be removed by cautious heating 
at 200° and could be prevented by igniting the chlorine before use, 
This pointed to some oxygen compound as the cause, which supposi- 
tion was strengthened by finding that mixtures of chlorine and moist 
air which had stood for some days had a tendency to give slightly 
high results in chlorinating silver, and that intermittent chlorination 
of silver films gave high results also. These effects were not noticed 
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in the bromination of silver; in any case, the discrepancies are small, 
but their reality was established by repeated tests. 

Photochemical Decomposition of Silver Chloride—The glass 
apparatus in which the films were sealed up and insolated was 
essentially similar to that used for silver bromide, and has already 
been described. The technique adopted was similar also, but great 
care was required to prevent contamination of the film by flame 
gases during the sealing, for silver chloride seemed to be more 
sensitive in this respect than the bromide. With proper precautions, 
however, the operation could be performed without appreciable 
change in weight of the film. Before exhaustion, the glass vessel 
was filled with air, nitrogen or hydrogen which had been carefully 
purified, dried and filtered before admission. The final pressure in 
the apparatus was usually either 10 mm. or 0-001 mm., but, as 
heating of the glass during exhaustion was inadmissible, the latter 
pressure especially was not maintained over the whole period of 
insolation, owing to the liberation of adsorbed gas from the glass. 
For this reason, the term “‘ residual ’’ is used in Table I to describe 
the conditions when the pressure of the experimental gas in the 
apparatus was 0-001 mm. at the time of sealing off from the pump. 
Copper was used as chlorine absorbent, but if insolation were per- 
formed with hydrogen present in other than residual amount, solid 
sodium hydroxide was substituted. Insolation was performed on 
_ the roof of the laboratory and, as the colour, opacity, and reflecting 
power of the films varied steadily, no estimate of the amount of 
radiant energy absorbed was possible. Nevertheless, the times of 
exposure in days afford an approximate measure of the relative 
_ amounts of energy received in each case. The pearly white films 
_ always darkened rapidly to dull purple or slate, which passed slowly 
to purple-brown; after several days, this had faded to very pale 

greyish-yellow and no further change was visible. Meanwhile, the 
copper in the side tube, which was shielded by an opaque cover, 
_ became heavily tarnished at the nearer end and subsequent analysis 
showed always the presence of chlorine on it. After a definite period 
of exposure, filtered air, nitrogen, or hydrogen was slowly admitted, 
and the film removed and weighed. The subsequent treatment 
varied; some of the exposed films were rechlorinated either in one 
or in several progressive operations, whilst others were used in 
attempts to discover the nature of the products of the photochemical 
decomposition. 

A summary of the experimental results is shown in Table I, 
weights being given in milligrams. 

Comparison of the results in the presence of air, nitrogen, and 

hydrogen discloses a striking resemblance between them, and it is 
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TABLE I. 
®) ‘3 : ety 
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0-4180 0-5556 0:°5554 0-4468 9 9 ” ” 


56-0 
— 79-1 
0:2354 03125 0-3128 0-2472 0-3146* 84-7 11 y ee 9 
91-1 
78-3 


0:2428 0-3227 0:3226 0:2449 0-3250* 27 » » ” 
0:3206 0:4247 0-4261 0:3432 —-- ‘ 10 “ » 10mm, 
0-2775 0-3690 0-3688 0-2862 0:3706* 90:5 87 4: 55 9 
0-4117 0-5467 0-5471 0:4632 0-5486 61:9 87 pe » 760mm. 
0-1750 0:2326 0:2325 0-1863 — 80-4 15 »  N,, residual 
0-1360 0-1812 00-1807 0-1406 0-1829 89:9 88 Ven obs ”» 
0-2113 0-2809 0-2808 0-2219 — 84:4 12 so 43 Ota 
0-2634 0-3496 0-3500 0:2828 — 77-5 10 »  H,, residual 
0-1816 0:2417 0:2413 0-1852 — 94-2 62 


0-2204 0:2937 0-2929 0-2375 — 76-7 10 NaOH ,, 10 mm. 
0-2108 0:2808 00-2801 0-2172 0-2820* 90-9 91 ye ead % 
0-2305 0:3068 00-3063 0-2466 —— 78:9 10 99 ag ( 860 Toe 
0-1641 0Q-2181 00-2181 0-1669 0-2185 94:8 I11 ryan) 99 


* Chlorination in steps. 


evident that oxygen is not necessary for the photochemical decom- 
position of silver chloride. The experiments with air in the apparatus 
exhibit plainly the diminution in the speed of decomposition as the 
gas pressure rises, due to the adverse effect of adsorbed gas films. 
For nitrogen, the data are insufficient to warrant conclusions being 
drawn, and for hydrogen, the gas pressure appears to exert little 
influence on the change. This behaviour is not surprising, for 
hydrogen acts as a sensitiser in virtue of its power of combining 
with chlorine under the influence of light. As in the case of the 
bromide, the figures indicate that the products of the photochemical 
decomposition of silver chloride are silver and halogen, although the 
final few units % of the latter are held tenaciously in the film. 
There is no evidence of the formation of any sub-chloride. 

On rechlorinating the product of insolation, colour changes were 
observed similar to those seen on insolation, but in the ‘reverse 
order. Eventually, the films regained their original pearly white- 
ness and were then usually rather heavier than in the former un- 
exposed condition. This behaviour was always most marked when 
the chlorination had taken place in steps, with interruptions for the 
purpose of weighing, and it is believed to be due to slight oxidation 
during the addition of the halogen but not at other times. It was 


also observed to some extent when pure silver was chlorinated pro-— 
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gressively. Hence it is probable that the figures given in Table I 
for the percentage of chlorine lost on insolation are not appreciably 
affected by oxidation due to exposure to air before weighing. 
Chemical analysis of the insolated material would be decisive but, 
with less than 0-5 mg. available in each case, no accurate procedure 
has yet been devised. Two simple methods were tried and neither 
proved to be quite satisfactory. In the first method, the film was 
treated with aqueous sodium thiosulphate to dissolve any unchanged 
silver chloride, but in spite of the greatest care insoluble particles 
became detached when the solution touched the film and a quanti- 
tative estimation was impossible. Much of the residue remained 
adherent to the silica, however, and chlorination tests proved it to 
be practically pure silver. In the second method, the insolated film 
was exposed to the vapour of purified iodine at room temperature 
(partial pressure 0-3 mm.) in the hope that the free silver presumably 
present would be attacked by the iodine to form silver iodide, the 
amount of which could be measured by the increase in weight. In 
principle, this is obviously a more rigorous means of testing the 
nature of the insolated film than by chlorinating it. Unfortunately, 
however, silver chloride itself was shown to be attacked by iodine 
vapour, although the complete conversion into silver iodide of even 
very thin films of the chloride took several days. When insolated 
silver chloride was exposed to the iodine vapour, the film rapidly 
darkened and then steadily changed to the pale yellow colour of 
Silver iodide in about 15 minutes. The first stage of the action was 
now taken to be complete and the film was weighed. Table I 
Summarises the results, weights being given in milligrams. 


Tasue II. 
Wt. of original Wtz.ofinsolated Wt. after Wt. calculated for 
film. film. iodination. mixed AgI and AgCl. 
0-2326 0-1863 0:3646 0-3520 
0-2417 0:1852 0:3898 0-3874 
0-2809 0-2219 0:4338 0-4331 
0-2937 0:2375 0-4459 0:4386 


_ The weight of the iodinated film in each case is greater than that 
calculated on the assumption that the insolated material is a 
mixture of silver and unchanged silver chloride, of which only the 
former is attacked by the iodine. In two instances, the discrepancy 
is less than 1%, and, on the whole, the results are favourable to the 
hypothesis mentioned, for further iodination caused steady increase 
in weight in each case until, after some days, all the chlorine had 
been displaced by iodine. The method is therefore not thoroughly 
Sound, for the initial stages in the displacement of the chlorine 
proceed appreciably in a very few minutes and may, of course, be 
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more rapid with previously insolated films than with pure silver 
chloride. | 
Rate of Chlorination of Silver Films.—Further evidence as to the 
nature of insolated silver chloride was obtained by comparing the 
rates of addition of chlorine to pure silver and to the insolated films 
under the same conditions. The apparatus and methods of ex- 
periment were essentially analogous to those used in the bromination 
of silver (J., 1924, 125, 2204), and have already been described. The 
tests were carried out in a thermostat at 25° (regulated to 0-1°) with 
mixtures of chlorine and air in various proportions in the chlorinat- 
ing vessel. The concentration of the halogen was estimated by 
absorption in sodium hydroxide and titration in the usual way with 


absorbed. 


Percentage of theoretical amount of chlorine 


\ pee 
Pd 
i 0 


Dim an20 30 1 Se OS 
Time of exposure in minutes. 


sodium thiosulphate. In every case, the total area of the film was 
364 sq. mm. and the average thickness 0-00015 mm. 

These results are shown graphically in Fig. 1, where the chlorine 
absorbed by the film, as percentage of that necessary to form pure 
silver chloride in each case, is plotted against total time of chlorina- 
tion in minutes. The broken lines indicate rechlorination of previ- 
ously insolated silver chloride films and the numbers denote chlorine 
concentrations in the gas phase in mg.—atoms per litre. The curves 
are continuous and show no irregularities which might point to the 
transient formation of sub-chlorides in the film. Also the remarkable 
fact is disclosed that the speed of chlorination of pure silver rapidly 
diminishes as the concentration of the halogen in the surrounding 
medium increases. This effect was not noticed in the bromination. 


f 
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of silver (loc. cit.), but much smaller halogen concentrations were then 
employed, owing to the very rapid attack of the silver films by 
bromine vapour. Itis evident that an optimum concentration must 
exist at which chlorine attacks silver most readily. The precise 
value of this concentration has not been measured, and it is hoped to 
investigate the whole action thoroughly in the near future. For 
the present purpose, it was sufficient to show that isolated silver 
chloride films exhibited the same behaviour as silver itself when 
exposed to chlorine. That this is so will be evident from an in- 
spection of the broken curves in Fig. 1; the existence of the optimum 
in this case also has been established by repeated tests, and furnishes 
strong evidence that silver is present in the insolated material. It 
cannot be there in the same form as ordinary metallic silver, 
however, for the optimum chlorine concentration for the product of — 
insolation is much greater than that for the metal itself, whilst the 
whole rate of chlorination is comparatively very much slower for 
small concentrations of the halogen. In this respect, chlorine stands 
in marked contrast to bromine and iodine, both of which, even in 
small concentration, attack the product of insolation of silver 
chloride very rapidly. 

_ The work described in this paper does not contradict the conclusions 
of Baker (J., 1892, 61, 728) that perfectly dry silver chloride is 
unaffected by light and that perfectly dry chlorine will not attack 
silver. Owing to the danger of injuring the photosensitive films, 
it was not possible to bake out the glass exposing vessels, and the 
presence of phosphorus pentoxide has been found to be most objec- 
tionable because of the fine dust which arises from it with changes of 
pressure. Also, in the chlorination experiments, the halogen was 
“ dried ’’ with concentrated sulphuric acid only and little alteration 
in the results was noted when moist chlorine was substituted for it. 


Summary. 


1. The photochemical decomposition of silver chloride in air, 
nitrogen and seca has been investigated by means of the 
microbalance. 

2. The maximum percentage loss of the total chlorine in thin 
films of silver chloride when insolated was found to be: in air 
91-1%, in nitrogen 89-9°%, and in hydrogen 94°8%. 

3. Evidence is adduced to prove that the photochemical decom- 
position products of silver chloride are silver and chlorine, and that 
oxygen is not necessary for the action. 

4. The rates of chlorination of silver and of previously insolated 
silver chloride have been studied and it has been shown that optimum 
concentrations of the halogen exist in each case, at which the 


‘ 
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chlorination is most rapid and above which the speed of reaction — 
rapidly diminishes with increasing chlorine concentration. | 
5. No evidence of the formation of silver sub-chlorides has been | 
found. | 


UNIVERSITY OF MELBOURNE. [Received, June 24th, 1925.] 


CCCLXIX.— Absorption Spectra and Lactam—Lactim 
Tautomerism. 


By RicHarp Atan Morron and Epwarp RoGeErs. : 


It was assumed by the earlier workers in absorption spectra that 
| 

compounds of similar constitution would show similar absorption 
Fia. 1. Fig. 2. : 
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curves. Accordingly, in order to decide between alternative 
structures of a substance it was only necessary to compare its’ 
absorption spectrum with those of two derivatives of known’ 
constitution; if the general shape of its absorption curve was) 
similar to that of a derivative, the two substances had analogous 
structures. In the hands of Hartley and Dobbie (J., 1899, '75, 640) | 
this method of interpreting absorption spectra led to conclunislll 
in the case of lactam-lactim isomerides which are very generally’ 
quoted as establishing the value of absorption spectra in organic 
chemistry. These workers examined isatin, carbostyril, and 
o-hydroxycarbanil together with their O- and N-ethers; in each 
case the absorption spectrum of the parent substance resembled that | 
of the lactam ether. | 
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__ An examination of the published curves shows that the frequencies 
of maximum absorption are nearly the same for lactam and lactim 


in the field of absorption spectra that the wave-lengths of maximum 
absorption are of great importance in the interpretation of data. 
Certain authorities, notably Baly and Henri, attach fundamental 
Importance to these frequencies as a basis for the interpretation of 
absorption spectra in terms of the quantum theory. 
_ Accordingly, the fact that the shape of curves is not regarded as 
a trustworthy guide to interpretation, coupled with the decided 
advantages enjoyed by present-day workers over the pioneers in 
respect of technique, made it seem worth while to repeat the work 
of Hartley and Dobbie. 
_ Isatin was found by Hartley and Dobbie to show two bands. 
‘Hicks (this vol., p.774) found four bands. At the time when Hicks’ 
paper appeared the present work had been completed and only three 
bands had been found. Subsequent search has not disclosed the 
fourth band. The three bands are at 4130A., e (max.) 625; 2950A., 
e (max.) 3,900; 2480A., e (max.) 26,000 (for graph, see Hicks, 
loc. cit., p. 771). 

W-Methylisatin (N-ether), like the parent substance, shows three 
bands at 2465A., 3000A., and 4195A. The curve follows that of 
isatin very closely. 

Methylisatin (O-ether), examined as soon as possible after 
preparation in the pure state, shows three bands at 2447A., 2965A., 

4140A. The curve again follows closely that of isatin. 

5-Iodoisatin exists in two forms, red and yellow. The red form 
‘in alcohol shows two bands, 2500 and 4250A., with an inflexion 
near 3030A., the extinctions being 25,000, 510, and 2000 (ca.), 
respectively. In glacial acetic acid, the band at 4245A. was 
observed for the red form and an inflexion near 3000A., but on 
account of absorption by the acetic acid the band at 2500A. could 
not be observed. In a fresh solution of the yellow form there is 

little selective absorption, but after some time the bands due to the 
ted form appear. Hicks records another band for iodoisatin in the 
extreme ultra-violet. In neither isatin nor iodoisatin can we 
confirm the fourth band. 

A revision of the work of Hartley and Dobbie proves disappointing, 
for the curves are so much alike as to preclude the possibility of 
deciding questions of structure from them. The absorption spectra 
of the isomerides are nearly identical. 

Carbostyril shows two bands at 2690A. and 3270A., e (max.) 
7000 and 6750, respectively. The N-methyl ether has bands at 
2705A, and 3280A., e (max.) 6600 and 6000, respectively. The 


| 
; 
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isomerides in all three cases. It is agreed by all present-day workers ° - 
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curves are almost identical, in agreement with the work of Hartley ) 


and Dobbie. 


The O-methyl and O-ethy] ethers are almost identical as regards © 


absorption, but are quite different from either the NV -ether or the 
parent substance: O-Methyl ether: 3222 and 3085A., e (max.) at 


4500 and 3700, respectively; O-ethyl ether: 3226 and 3085A., 


e (max.) at 4500 and 3700, respectively. 


Both O-ethers show a pronounced inflexion near 2650A. The 
analogous band in the parent substance and the N-ether has thus 


almost disappeared. The 
Fie. 3. 


9 
mes eho 2800 sions of Hartley and Dobbie, 


but the experimental basis 


results confirm the conclu- — 


is different, since the curve © 


Hi . | for the O-ether is different — 
400|4 


from that of these authors. 


one band with its head at 
9736A., e (max.) 5150. 


band at 2738A., e (max.) 


at 2735A., e (max.) 4700. 
The curves are not very 

different from those of 

Hartley and Dobbie. The 


between these substances 
i was in respect of the persist- 

ence of the bands. 
alk isd fc Wha bat Revision of the work 
Phloroglucinol. -—-- Trimethyl ether. leads to the conclusion that 
the curves do not warrant 


o-Hydroxycarbanil shows — 


The N-ether shows one 


5600, and the O-ether one — 


only difference observed 


any claim to discriminate between the alternative structures for 


o-hydroxycarbanil. 


Phloroglucinol also has been examined, together with its trimethyl 


ether. 
Phloroglucinol shows the following results : 


Solvent. A max. e max. Solvent. A max. e max. 
Alecohob esc 2665 A 380 Aqueous acetic acid 2660A 375 
W ateridisccveces duet 2662 370 Alcohol with sodium 
Glacial acetic acid 2660 375 ethoxide ......... 2518 15,200 


Ditto in excess...... 3472 6,600 
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Phloroglucinol trimethyl ether shows one band at 2646A., e (max.) 


465. 
The results are therefore in harmony with the accepted hydroxy- 


structure of phloroglucinol. 


Conclusions. 


In the cases of isatin and o-hydroxycarbanil the work of Hartley 
and Dobbie is unsatisfactory. Revision shows that absorption 
spectra do not provide any very obvious means of deciding the 
structure. 

In the cases of phloroglucinol and carbostyril repetition of the 
work does not controvert the conclusions of these authors. 

It may be asserted that, in general, conclusions based on the 
shape of absorption curves need careful examination before reliance 
can be placed on them. 

Absorption spectra measurements should be interpreted by 
quantitative considerations concerning frequencies of maximum 
absorption. The present work will be discussed from this point 
of view at a later date. 


We wish to express our gratitude to Professor E. C. C. Baly, F.R.S., 
for the interest he has taken in the work. One of us (E. R.) is 
indebted to the Department of Scientific and Industrial Research 
for a maintenance grant. 
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CCCLX X.—Trypanocidal Action and Chemical Con- 
stitution. Part III. Arsinic Acids Containing 
the Glyoxaline Nucleus. 


By Istporr Erxanan BataBan and Haroup Kine. 


‘In Part I of this series (J., 1924, 125, 2595) it was shown that the 
three isomeric monoaminobenzoyl derivatives of 4-aminophenyl- 
arsinic acid showed some trypanocidal activity when tested on 
experimental trypanosomiasis in mice, but were not permanently 
curative. In Part II (this vol., p. 2632), it was shown that per- 
manent curative properties appeared when a methoxy-group was 
present in the para-position in the benzoyl group in the mono- 
aminoarsinic acids, or when there were two amino-groups present, 
ene in each nucleus. It was therefore thought of interest to prepare 
glyoxaline-4'(or 5')-carboxy-p-aminophenylarsinic acid (I) and its 
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3-amino-derivative (II), both of which would resemble in build and 
amphoteric character the amides mentioned above. It was hoped 


NH, 
AsO.H,W SNH-CO-C==CH  AsO.H.“~  SNH-CO-C—-CH 
3.52 DA ] 1 3 2 oe 1 i 
— N NH a N NH 
T\ aang II. SOG 
a: Ve am) Ye 


that the presence of the glyoxaline nucleus would lead to a more 
 favourable—as regards the trypanocidal action—distribution of the 
amides in the tissues, especially as the glyoxaline nucleus is con- 
tained in or associated with certain substances of remarkable 
physiological activity such as histamine, insulin, and the pituitary 
active principles. Both these arsinic acids have been prepared, 
the first by application of the Bart-Schmidt reaction to glyoxaline- 
4(or 5)-carboxy-p-aminoanilide and the second by nitration and 
subsequent reduction of the parent arsinic acid. 

The maximum dose tolerated by mice and the minimum curative 
dose on an experimental infection of Trypanosoma equiperdum in 
mice, expressed in milligrams per gram of mouse, of these two 
glyoxaline arsinic acids as compared with 3’-aminobenzoyl- and 
3 : 3'-diaminobenzoyl-p-aminophenylarsinic acids is shown below, _ 


i, II. 3’-NH,  3:3/-diNH,. 
Dosis tolerata .....cesceceers 1:25 3-0 0-6 >3°-5 
D08ts CUTAtiva  vicccrecccce 0-8 1-5 0-3 2-0 
(7 = 7) 


r signifying the number of days the blood stream remains free 
from parasites. It will be observed that glyoxaline-4(or 5’)- 
carboxy-p-aminophenylarsinic acid (I), unlike 3’-aminobenzoyl-p- 
aminophenylarsinic acid, has permanent curative properties and 
the enhanced curative properties of 3 : 3'-diaminobenzoyl-p-amino- 
phenylarsinic acid are surpassed in 3-aminoglyoxaline-4’(or 5’)- 
carboxy-p-aminophenylarsinic acid (II). | 

Glyoxaline-4’(or 5’)-carboxy-o-aminophenylarsinic acid, isomeric — 
with the above described para-derivative, cannot be prepared by 
the application of the Bart-Schmidt reaction to glyoxaline-4(or 5)- 
carboxy-o-aminoanilide, because treatment with nitrous acid gives 
rise to a crystalline diazoimide (III). In the same way the amino- 
arsinic acid (IT) gives rise to the crystalline diazoimide (IV). 


G-CO n> G-CO ¥—< ‘\as0,H, 
(III.) ANG ae Ne ig (IV.) 


(G = glyoxalinyl) 
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Neither of these substances couples with alkaline $-naphthol; 
their constitution follows from the exact analogy of their formation 
with Béssneck’s 4-acetyl-3 : 4-tolylenediazoimide, the constitution 
of which was elucidated by Morgan and Micklethwait (J., 1913, 
103, 1394). The diazoimide (III) is of especial interest, because 
its formation will serve to detect nitrous acid as a crystalline 
derivative at a dilution of 1 in 6400. i 

In the above derivatives the glyoxaline nucleus is joined to the 
phenyl nucleus by an amide link. The researches of Pyman and 
his associates have rendered available five isomeric nitrophenyl- 
glyoxalines, without an intermediate chain of atoms. These have 
now been reduced to the corresponding amino-derivatives and 
submitted to the Bart-Schmidt process for introducing the arsinic 
acid group. 2-m-Aminophenylglyoxaline and 2-p-aminophenyl- 
glyoxaline (V) so prepared give no recognisable trace of arsinic 
acids under a variety of Lea conditions. 


SN NH-C AS NN 
(V.) NH > Or aie. NH ar ND. (VI.) 


This result may be paralleled with Schmidt’s inability (Annalen, 
1920, 421, 168) to replace the amino-group in p-aminodiphenyl (VI) 
by the arsinic acid group, although o-aminodiphenyl gives a 60% 
yield of the arsinic acid by the same reaction (Aeschlimann, Lees, 
McCleland, and Nicklin, this vol., p. 68). This difficulty in the 
case of substances containing the glyoxaline nucleus is clearly due 
to the fact that the most favourable conditions for carrying out 
the Bart-Schmidt reaction—neutrality or weak alkalinity—are 
precisely those which lead to coupling, internal or otherwise, of 
the glyoxaline nucleus present with the diazotised base. This is 
plainly shown, in several of the cases tried, by the concomitant 
separation of insoluble, highly coloured, amorphous, presumably 
azo-compounds. 

The marked change of physical properties associated with 
N-methylation of glyoxalines led to the preparation of 2-p-nitro- 
phenyl-1-methylglyoxaline with a view to its reduction and sub- 
sequent treatment by the Bart-Schmidt reaction. The poor yield 
of monomethylated product, however, led us to abandon the 
scheme. Another avenue of approach suggested itself in the prior 
methylation of 2-phenylglyoxaline followed by nitration, reduction 
and indirect arsination. Here again the yield of monomethylated 
product (VIL) was only 18%, the main product apart from unchanged 
material being 2-phenyl-l-methylglyoxaline methochloride (VIII), 


pes octet ether enn 
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which, although the salt of a quaternary base, is precipitated as an 
oil on addition of strong alkali to its aqueous solutions. 
2-Phenyl-1-methylglyoxaline (VII), which is also formed by dry 
distillation of the methochloride (VIII) under reduced pressure, 
forms an abnormal gold salt by crystallisation of the precipitate it 
yields with chloroauric acid, from water containing a little acetone. 
The constitution of this modified gold salt, RAuCl,, is similar to 
that of several others which have been described. The two types | 
are readily interpreted on the electronic basis. The normal salts | 
have the structure (IX) analogous to ammonium salts, whilst the | 
abnormal have the structure (X) analogous to that of trimethyl-_ 
amine oxide. 


“Behe Cie nali nen R, Cl 
e N° ars S | as ° 3 ee y 
| R é -H Cl’ e Cl | R, ° N e Au e Cl (X.) 
: R, Cl 


2-0-Aminophenylglyoxaline reacts with nitrous acid with produc- | 
tion of a crystalline tricyclic 1 : 2 : 3-triazine (XI), which does not 
couple with alkaline @-naphthol, in exactly the same way as 0-amino- 
phenylperimidine yields the triazine (XII) (Sachs and Steiner, Ber., 
1909, 42, 3675). | 


(IX.) 


LBA ey | 
Gree QING | 

(XI.) at < YN: CH ee NX » (XII.) 
nas N:N his | 


4-p-Aminophenylglyoxaline submitted to the Bart-Schmidt reac- | 
tion yields a very small amount of 4-phenylglyoxaline-p-arsinic acid, | 
the main product being a purple dyestuff. The arsinic acid was 
not obtained in sufficient quantity for trial on experimental trypano- | 
somiasis. This was unfortunate, as its structure (XIII) bears a | 
close resemblance to the pyrazolone (XIV), derivatives of which | 
are at present on the market for the treatment of protozoal diseases. | 


PTI NEEL GL yO ce / OT NMe-GMe 
si CS ca aH s05HxX 7 cot NH, | 
(XIIL.) (XIV.) | 


AsO,H 


The isomeric 4-0-aminophenylglyoxaline on diazotisation yields a | 
non-coupling, yellow triazine structurally related to (XI). The | 
chief interest, however, in 4-o-aminophenylglyoxaline lay in the | 
remote possibility of its resolution into enantiomorphs. Pyman | 
has produced a considerable body of evidence for the resemblance | 
between glyoxaline and benzene, so that the substance under con- | 
sideration, being related to diphenyl, should, if Kaufler’s ideas be | 
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applied to it, be resolvable. The other type of formula, the non- 
coplanar type, suggested by Kenner as an explanation to be con- 
sidered in the interpretation of his results, would, in the present 
instance, not lead to enantiomorphs. 4-0-Aminophenylglyoxaline 
has been fractionally crystallised from water at low temperatures 
as its normal d-tartrate and as its dicamphor-10-sulphonate, but in 
neither case was there any evidence of resolution. 

Several attempts have been made under a variety of conditions 
to introduce arsenic directly into the glyoxaline nucleus, but hitherto 
unsuccessfully. The Béchamp reaction (heating with arsenic acid) 
has been applied to glyoxaline, 1-methylglyoxaline, 2-phenyl- and 
4-phenyl-glyoxalines, whilst the action of arsenious chloride with 
or without addition of aluminium chloride has been examined on 
glyoxaline, 1-methylglyoxaline and 4-phenylglyoxaline. 

We are much indebted to Miss F. M. Durham and Miss J. Marchal 
for the care exhibited in determining the therapeutic action of the 
arsinic acids herein described, and to Prof. Pyman, not only for 
freely allowing us to work in this field and for placing at our service 
unpublished results which materially assisted the investigation, but 
also for a gift of 4-o-nitrophenylglyoxaline. 


EXPERIMENTAL. 


Nitration of Glyoxaline-4(or 5)-carboxyanilide—The nitrate 
separating from water is dimorphous, both forms crystallising with 
+H,O, (a) unstable, fluffy needles, loss at 100° = 4-3; (b) stable, 
stout prisms, m. p. 170—171° (decomp.), loss at 100° = 3-4: 
Theory for }H,0 = 3-5%. Found in dry salt by nitron estimation, 
HNO,, 25-1 (Theory requires HNO,, 25:2%). The nitrate (75 g.) 
was added gradually and with ice-cooling to 150 c.c. of concentrated 
sulphuric acid. The product was kept for 3 hours at room tem- 
perature and then poured into ice-water; the solid obtained (55-5 g.), 
m. p. 265° (decomp.), recrystallised twice from 700 c.c. of N -hydro- 
chloric acid, gave 33-8 g. of glyoxaline-4(or 5)-carboxy-p-nitroanilide 
hydrochloride. A further 4-7 g. were obtained from the mother- 
liquors. : 

The sulphuric acid mother-liquors were heated at 80° and frac- 
tionally precipitated by addition of sufficient strong alkali to produce 
a slight separation of solid from the hot solution and copious 
crystallisation when cold. The process was repeated until all 
acidity was removed, final neutralisation being effected by saturated 
Sodium carbonate. Several crops of almost pure glyoxaline-4(or 5)- 
carboxy-o-nitroanilide, m. p. 229°, were thus obtained. This was 
finally purified as hydrochloride. The final mother-liquors of the 
fractionation gave 1-0 g. of p-nitroaniline (m. p. 147°). 

VOL. CXXVII. 4X 


2706 BALABAN AND KING: TRYPANOCIDAL ACTION 


In all, 38-5 g. of the p-isomeride and 15:4 g. of the o-isomeride 
were obtained in a pure state as hydrochlorides, yields of 36 and 
14:3°% respectively. 

Glyoxaline-4(or 5)-carboxy-p-nitroanilide hydrochloride mono- 
hydrate crystallises from N-hydrochloric acid, in which it is sparingly 
soluble, in long, colourless, rectangular prisms or tablets decomposing 
about 298°. It also crystallises in fluffy needles which, on standing | 
in contact with the solution, pass into the previously described stable 
variety (Found : loss at 95°, 1:9; Cl, 12-4. C,)H,03;N,,HCl,H,O 
requires Cl, 12-494. When dried at 110°, the salt suffers complete 
loss of water and partial loss of hydrogen chloride. Found: 
loss, 7:4; Cl, 12-1. The monohydrate requires H,O, 63%. 
C,),H,O,N,,HCl requires Cl, 13-2%). 

The base crystallises from glacial acetic acid in long, colourless 
plates, m. p. 307° (corr.), which contain two mols. of acetic acid 
(Found: loss at 95°, 37:1; on dried solid, C, 51-7; H, 3:5. 
Cy pH ,03N,,2C,H,O, requires loss, 34:1%. CyH,03N, requires 
C, 51-7; H, 3-4%). It is practically insoluble in water and the 
usual organic solvents except acetic acid. It dissolves in 2N-sodium 
hydroxide with a pale yellow colour and is reprecipitated by carbon 
dioxide. It forms a sparingly soluble nitrate, m. p. 205° (decomp.). 

Glyoxaline-4(or 5)-carboxy-o-nitroanilide crystallises from glacial 
acetic acid in bright yellow, glistening plates, m. p. 229° (Found : 
C, 61-3; H, 3:5. C,,H,O,N, requires, C, 51-7), ) Ey Ga) nt Gene 
practically insoluble in water and the usual organic solvents except 
acetic acid. In 2N-sodium hydroxide it dissolves with an intense 
yellow colour and is precipitated by carbon dioxide as glistening, 
yellow needles. The nitrate, from 2N-nitric acid, crystallises in 
long, yellow prisms, m. p. 196° (decomp.). The hydrochloride 
erystallises from N-hydrochloric acid, in which it is moderately 
easily soluble, in yellow, rectangular, anhydrous prisms (Found : 
Cl, 13:0. C,,H,O,N,,HCl requires Cl, 13:2%). 

Hydrolysis of the Nitro-compounds.—2-0 Grams of each hydro- 
chloride were boiled for 3 hours with 20 c.c. of 16% hydrochloric 
acid. Extraction with ether isolated p- and o-nitroaniline respec- 
tively, which were identified by the melting points of mixtures 
with authentic specimens. The mother-liquors were partly basified ; 
glyoxaline-4(or 5)-carboxylic acid was then isolated, effervescing 
at 275° (alone, or mixed with an authentic specimen). 

Glyoxaline-4(or  5)-carboxy-p-aminoanilide Dihydrochloride. — 
Twelve grams of the hydrochloride of the p-nitroanilide were added 
to a mixture of 75 c.c. of concentrated hydrochloric acid and 75 c.c. 
of alcohol containing 30 g. of hydrated stannous chloride in solution. 
On heating at 80°, a bulky, pale yellow precipitate separated, which 
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dissolved on addition of more alcohol. On cooling, 15:6 g. of the 
_siannichloride of the amino-base, m. p. 290° (decomp.), separated, 
and a further 2-3 g. on concentration of the mother-liquors. After 
removal of tin as sulphide, the dihydrochloride of the base, 9-55 g. 
or 80% of theory, was isolated. This salt crystallises from dilute 
hydrochloric acid in colourless, glistening, rectangular prisms which 
blacken at about 290° and crystallise with one molecule of water 
(Found : loss, 6-1; on anhydrous salt, C), 25-9. Cj H,)ON,,2HCl,H,O 
requires H,O0, 6:1%. Cy )H,)ON,,2HCI requires Cl, 25:8%). The 
diazotised salt couples with alkaline @-naphthol with production 
of a red solution. The base is precipitated by addition of sodium 
carbonate solution. It is moderately soluble in water and crystal- 
lises in colourless, glistening, delicate plates, m. p. 228°. The 
picrate crystallises in long, fine, yellow needles darkening at 256° 
and decomposing at 266°, and is very sparingly soluble in boiling 
water (Found: H,O, 5:7; on dried salt, picric acid, estimated by 
nitron, 53:0. Cj, 9H,,ON,,C,H;0,N,,1$H,O requires H,O, 5-9%. 
C,,H,,ON,,C,H,0,N, requires picric acid, 53-1%). 

Glyoxaline-4(or 5)-carboxy-o-aminoanilide Dihydrochloride.—Six 
grams of the hydrochloride of the nitroanilide were reduced in the 
Same way as the p-nitroanilide. On keeping, the stannichloride 
(11-0 g.) separated in colourless, rectangular prisms, and on con- 
centration another 2-0 g. were obtained. On removal of tin as 
sulphide and concentration to a low bulk, glyoxalinecarboxy-o- 
aminoanilide dihydrochloride crystallised out (yield 5-4 g. or 87:5 yA 
This salt crystallises from dilute hydrochloric acid in long, 
rectangular prisms which decompose at 310° and crystallise with 
one-half a molecule of water (Found: loss at 100°, 3-6. 
C,9H,,ON,,2HC1L3H,O requires H,O, 3:2%. Found: on dried 
salt, Cl, 25:5. Cj, 9H,,ON,,2HCl requires Cl, 25:8%). It is very 
readily soluble in water and on addition of sodium nitrite a diazo- 
imide (III) crystallises out. This is sparingly soluble in boiling 
acetic acid, ethyl alcohol or benzene, somewhat more readily soluble 
in boiling methyl alcohol, from which it separates in fine needles, 
m. p. 195—196°, but yarying with the rate of heating. The diazo- 
imide is soluble in sodium hydroxide solution but not in sodium 
carbonate, and forms an insoluble hydrochloride with concentrated 
hydrochloric acid, but dissolves on dilution. It produces no colour 
on addition to alkaline 8-naphthol solution. It is very sparingly 
soluble in water and will detect nitrous acid as a solid crystalline 
derivative at a dilution of 1 in 6400 in the presence of sodium 
acetate, or, conversely, the anilide can be detected at a dilution 
of 1 in 5000. 


The amino-base is precipitated on careful addition of sodium 
4x2 


- 
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carbonate to the dihydrochloride. It is moderately easily soluble 
in boiling water and crystallises in fine needles, m. p. 270° with 
previous darkening. The dipicrate is very sparingly soluble in 
boiling water and crystallises in minute needles, m. p. 242° (decomp.) 
(Found: H,0, 5-9, 5-6; on dried_salt, picric acid, 70-8, 71-0. 
C1 9H 1,ON,,2C,H30,N,,24H,O requires H,O, 5-8%%. 
C1 )H,,ON,,2C,H,0,N, 
requires picric acid, 69-4%). 

Glyoxaline-4'(or 5')-carboxy-p-aminophenylarsinic Acid (I).—Gly- 
oxalinecarboxy-p-aminoanilide dihydrochloride (27-3 g.) (in 5 
batches) was dissolved in 150 c.c. of water, cooled to 0°, and diazo- 
tised by addition of 100 c.c. of 10% sodium nitrite solution. To the 
clear solution 9-0 g. of arsenious oxide in 70 ¢.c. of 2N-sodium 
hydroxide were added to produce a faintly alkaline reaction. A 
light brown precipitate separated and a considerable amount of 
frothing took place. After keeping over-night, the solution was 
warmed on the water-bath and filtered from coloured by-products. 
The filtrate was fractionally precipitated with strong hydrochloric 
acid and after removal of amorphous material a crystalline crop 
separated. On keeping, 11-2 g. (36% yield) of crude arsinic acid 
were obtained. It crystallised from 75% acetic acid (50 vols.) in 
pale yellow, glistening, triangular leaflets which darkened at 280°. 
This acid is almost insoluble in boiling water or glacial acetic acid, 
dissolves more readily in mixtures, but is readily soluble in boiling 
25% formic acid, separating in needles, forming a very stable 
monohydrate (Found on various samples: loss at 105°, 0-7; As, 
22-4, 22-4, 22-8. Cj 9H,)0,N3As,H,O requires As, 228%). A 1% 
solution in 0-2N-ammonia treated with a tenth of its volume of 
5% magnesium or calcium chloride gave an immediate precipitate 
of the magnesium salt in fine needles, but the calciwm salt separated 
in anisotropic spheroids, only on heating. The sodium salt crystal- 
lises in needles, and the hydrochloride in fine needles. 

Glyoxaline-4' (or 5")-carboxy-p-amino-3-nitrophenylarsinic Acid.— 
Glyoxalinecarboxy-p-aminophenylarsinic acid (9-9 g.) was dissolved 
in 30 c.c of sulphuric acid at 0° and nitrated by addition of 3 g. 
of nitric acid (d 1-42) dissolved in a few c.c. of sulphuric acid. When 
the mixture was poured on to ice, the crude nitro-acid (10-5 g.) 
separated, at first in leaflets, but later in needles. The mother- 
liquors, neutralised to Congo-paper and kept at 0° for 3 days, 
deposited a further 2-0 g. of nitro-acid. The pure nitro-acid is best 
obtained by crystallisation from 50% acetic acid. It is almost 
insoluble in boiling water or boiling glacial acetic acid. From 25% 
formic acid it separates in clusters of yellow plates, m. p. about 
327° (decomp.). It forms a very stable monohydrate (Found : 
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loss at 110°, 0-9; on two distinct samples of dried acid, As = 19-8, 
19-9. C,,H,O,N,As,H,O requires As, 20:0%). 1% Solutions in 
0-2N-ammonia were treated with a tenth of the volume: of 5% 
lithium, magnesium, calcium or barium chloride; a micro-crystalline 
precipitate of the magnesium salt formed immediately, the calcium 
salt separated almost immediately in fine needles, and the bariwm 
salt also in fine needles, especially on rubbing the walls of the vessel. 
The lithium salt separated after keeping for several days. 
Hydrolysis of the Nitro-acid.—Two grams of the pure acid were 
boiled for 30 minutes with 30 c.c. of N-sodium hydroxide, and the 
solution was cooled and made neutral to Congo-paper. Successive 
crops of acids were obtained which by suitable crystallisation from 
water gave eventually an 86% yield of 3-nitro-4-aminophenylarsinic 
acid and an 83% yield of glyoxalinecarboxylic acid. There was no 
evidence for the presence of isomeric nitro-acids, and no definite 
evidence was obtained from fractional crystallisation of 10 g. of 
crude glyoxalinecarboxy-p-aminonitrophenylarsinic acid. 
Glyoxaline-4' (or 5’)-carboxy-p-amino-3-aminophenylarsinic acid (II) 
was prepared by dissolving 8-0 g. of the nitro-acid in 80 c.c. of 
2N-sodium hydroxide at — 5°, adding gradually 28 g. (7 mols.) of 
ferrous chloride in 40 c.c. of water and and finally 80 ¢.c. of 2N- 
sodium hydroxide. After filtration, the ferric hydroxide was 
extracted thrice with 150 c.c. of 0-2N-sodium hydroxide. The 
combined filtrates were neutralised to Congo-paper, and the crude 
amino-acid (5-65 g.), which separated crystalline, was collected. 
The mother-liquors were made alkaline with ammonia and heated 
with magnesium chloride. The magnesium salt which separated 
was dissolved in 50 c.c. of N-hydrochloric acid, and the acidity 
removed by sodium acetate. The amino-acid so obtained weighed 
0-85 g. The total yield of crude amino-acid was 86%. It was 
purified with difficulty by dissolving in 0-5N -hydrochloric acid and 
cautiously adding saturated sodium acetate solution until the 
solution was only faintly acid to Congo-paper. This caused the 
‘gradual separation of a green, flocculent substance which could be 
filtered off; the amino-acid was precipitated from the filtrate by 
further addition of sodium acetate. The pure amino-acid crystal- 
lises in fine, long, colourless, rectangular prisms which are unmelted 
at 320°. They contain half a molecule of water, not lost at 100° 
(Found: As, 22-4, 22-2. C19H,,0,N,As,$H,O requires As, 22-4°%). 
In hydrochloric acid solution addition of sodium nitrite causes an 
immediate precipitation of a crystalline diazoimide (IV), which 
Separates from dilute solutions in microscopic leaflets. The diazo- 
Imide does not couple with $-naphthol. A 1% solution of the 
amino-acid in 0-2N-ammonia treated with one-tenth its volume of 
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5° magnesium or calcium chloride gave an immediate precipitate 
of the magnesium salt in fine needles, whilst the calcvwm salt was 
precipitated, in crystalline tufts, only on heating. 

2-p-Aminophenylglyoxaline dihydrochloride (V) was obtained by 
reducing 19-0 g. of 2-p-nitrophenylglyoxaline with 68 g. of stannous 
chloride in 170 c.c. of concentrated hydrochloric acid. The stanni- 
chloride separated, in colourless needles, after digestion on the 
water-bath. Its de-tinned solution, on concentration, gave 16-2 g. 
of the pure dihydrochloride, crystallising in colourless, rectangular 
prisms which darken at about 300° (Found : Cl, 30-5. C,H,N,,2HCl 
requires Cl, 30:-6%). It diazotises and couples with alkaline 
6-naphthol, forming a deep red solution, and also gives an intense 
red solution with Pauly’s reagent. The free base is an oil which 
turns brown on exposure to air. The monopicrate is very sparingly 
soluble in water and crystallises in orange, glistening, rectangular 
plates, decomp. about 238° (Found: picric acid by nitron, 58-7. 
C,H,N;,C,H,0,N, requires picric acid, 59-0%). Under no con- 
ditions could any arsinic acid be isolated by the application of the 
Bart reaction to this aminophenylglyoxaline. 

Action of Methyl Sulphate on 2-p-Nitrophenylglyoxaline—The 
base (12-6 g.) was heated at 100° with 8-4 c.c. of methyl sulphate 
for 1 hour. After initial liquefaction the product set to a cake. 
The solid obtained on treatment with sodium hydroxide was crystal- 
lised as hydrochloride; 6-0 g. of the hydrochloride of the initial 
material were recovered. The hydrochloride mother-liquors, on 
being basified, gave 1:0 g., m. p. below 120°. This was 2-p-nitro- 
phenyl-1-methylglyoxaline, and when recrystallised from water it 
separated in long, pale yellow, silky needles, m. p. 116-5° (corr.). 
It is moderately soluble in boiling water, sparingly so in ether, and 
very soluble in alcohol, benzene, or chloroform. ‘The chloroaurate 
crystallises from 3N-hydrochloric acid in golden-yellow, irregular 
prisms which decompose at 226° (corr.). It is soluble to the extent 
of 1 in 300 in the boiling acid (Found : Au, 36-4. C,,H,O,N;,HAuCl, 
requires Au, 36:3%). The hydrochloride crystallises in elongated 
plates and is very soluble in water. The nitrate crystallises in 
diamond-shaped plates effervescing at 186° (corr.). It is moderately 
soluble in water, but sparingly soluble in dilute nitric acid. ‘The 
picrate crystallises from alcohol, in which it is very sparingly 
soluble, in fine, glistening needles, m. p. 212° (corr.) (Found: 
picric acid by nitron, 53-1. C,),H,O,N;,C,H,0,N, requires picri¢ 
acid, 53-0%). 

2-m-Aminophenylglyoxaline dihydrochloride was obtained by 
reducing 7-0 g. of the m-nitrophenylglyoxaline with 25 g. of stannous 
chloride in 64 c.c. of concentrated hydrochloric acid and 30 c.c. of 
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_ alcohol on the water-bath. When cold, the stannichloride separated 


in rectangular prisms which, after de-tinning and concentration, 
gave 6-2 g. of the pure dihydrochloride. This salt is a monohydrate 
and melts with decomposition at 282°. It is very soluble in water, 
less soluble in acid solutions (Found: loss, 7:3; on dried salt, 
Cl, 30:5. C,H,N;,2HCI1,H,O requires H,O, 7:3%. C,H,N,;,2HCl 
requires Cl, 30-6%). After diazotisation, it couples with alkaline 


@-naphthol with an intense red colour. The base liberated by 


addition of sodium bicarbonate is very soluble in water. It is a 
monohydrate which partly melts with effervescence between 130 and 
140° and finally melts at 202—203°. When dried at 95°, it melts 
at 203—204° (Found: loss at 95°, 9:1. C,H,N;,H,O requires 
H,0, 10-2%). The anhydrous base is sparingly soluble in boiling 
acetone, benzene, or ethyl acetate, and readily soluble in hot alcohol, 
from which it crystallises in fine needles. The monopicrate crystal- 


lises from water, in which it is very sparingly soluble, in long spikes, 


decomp. 218° (Found : picric acid by nitron, 58-0. C,H,N,,C,H,0,N, 
requires picric acid, 59-0%). 

Attempts to replace the amino-group in this base by the arsinic 
acid group by the Bart reaction were all unsuccessful. 

2-0-Aminophenylglyoxaline dihydrochloride was prepared from 
the nitro-compound by reduction with stannous chloride, the 
stannichloride separating in thin plates. The dihydrochloride (Found: 
Cl, 30-5. C,H,N,,2HCl requires Cl, 30-5%) crystallised in large, 
glassy tablets melting at 234—236° and decomposing a few degrees 
higher. It was readily soluble in water and on addition of sodium 
nitrite gave a triazine (XI) crystallising in needles, m. p. 113—114°. 
This triazine is insoluble in alkali, but immediately soluble in 
concentrated hydrochloric acid. From 3N-hydrochloric acid the 
hydrochloride of the triazine crystallises in needles. The triazine 
does not couple with alkaline B-naphthol. The monopicrate of the 
o-base is readily soluble in boiling water and crystallises in small, 
feathery needles, m. p. 211—212° (without decomp.) (Found : 
picric acid, 59-6. C,H,N,,C,H,0,N, requires picric acid, 59-0%). 
The base melts at 136—137° and crystallises from water in large, 
white, fern-like crystals. 

4-p-Aminophenylglyoxaline dihydrochloride was prepared by reduc- 
ing the p-nitro-base (19 g.) by 68 g. of stannous chloride in 170 c.c. 
of concentrated hydrochloric acid and 50 c.c. of alcohol on the water- 
bath at 80°. The stannichloride (needles darkening at 310°) crystal- 
lised from the hot solution. After removal of tin as sulphide, 
17-1 g. of pure dihydrochloride were obtained in colourless, glistening 
needles which darken at 310° (Found: Cl, 30:5. C,H,N;,2HCl 
requires Cl, 30:6%). It is readily soluble in water, and when 
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diazotised gives with alkaline @-naphthol an intense purple dye; 
but a similar colour is obtained with the diazotised base and sodium 
hydroxide alone. It gives an intense red colour with Pauly’s 
reagent. The base crystallises from water, in which it is moderately 
soluble, in glistening, hexagonal plates, m.p. 98° (corr.). The 
dipicrate crystallises from water, in which it is very sparingly soluble, 
in yellow needles, m. p. 240° (decomp.) (Found : picric acid, 73-9. 
C,H,N3,2C,H,0,N, requires picric acid, 74:2°%). 

Glyoxaline-4(or 5)-phenyl-p-arsinic acid (XIII) was obtained by 
addition of sodium nitrite to 4-p-aminophenylglyoxaline dihydro- 
chloride (10 g.) at 0° and subsequent addition of 6-6 g. of arsenious 
oxide in 36 c.c. of 2N-sodium hydroxide. An intense dark purple 
solution was formed, but the reaction of the solution could be 
adjusted to neutrality by use of glazed litmus paper. When the 
evolution of nitrogen had ceased, the solution was warmed on the 
water-bath, and the insoluble dyestuff filtered off. The solution. 
was made neutral to Congo-paper and, after removal of amorphous 
material, was concentrated. The arsinic acid separated in reddish- 
yellow plates, which were unmelted at 310° (yield 0-5 g.). On 
crystallisation from glacial acetic acid, it separated in dense yellowish- 
brown prisms. The amount of material was insufficient for 
analysis, but served to confirm its identity. Further experiments 
under a variety of conditions resulted in no improvement of the 
yield. This acid gave an intense reaction with Pauly’s reagent. 
Its ammoniacal solution gave an amorphous magnesium salt on 
heating, but the calcium salt separated in the cold in sphero- 
crystals. The barium and lithium salts were soluble. From 
alkaline solutions the acid is precipitated by addition of mineral 
acid in colourless, elongated leaflets. 

4-0-Aminophenylglyoxaline dihydrochloride was obtained by reduc- 
tion of the nitro-base by stannous chloride in concentrated hydro- 
chloric acid. On removal of tin and concentration, the dihydro- 
chloride monohydrate separated in colourless prisms which effervesce 
at 256° and do not lose the water of crystallisation at 95° (Found : 
Cl, 29-1, 29-1. CjH,N3,2HCI,H,O requires Cl, 29-2%). It is very 
soluble in water and with sodium nitrite gives a bright yellow 
solution from which the triazine separates in clusters of microscopic 
needles. It does not couple with alkaline 8-naphthol and is not 
soluble in alkali. The base separates as an oil on addition of sodium 
hydroxide, but a slight excess of sodium bicarbonate causes it to 
crystallise in square plates, m. p. 131°. It is soluble in water, 
sparingly soluble in ether, and is unaffected by excess of sodium 
hydroxide. The dipicrate crystallises in elongated plates from 
water, in which it is sparingly soluble, and decomposes about 200° 
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(Found : picric acid by nitron, 73-5. C,H,N,,2C,H,0,N, requires 
Ppicric acid, 74:-2%). The normal tartrate separates in felted needles 
from aqueous solutions containing molecular proportions of the 
constituents or one molecular proportion excess of tartaric acid. 
Repeated crystallisation at temperatures below 40° failed to effect 
any change in its rotation or melting point. It crystallises with 
_1:5H,0 and loses 1H,O in a vacuum over sulphuric acid. When 
air-dried or dried in a vacuum, it melts at 95—97° and then effer- 
vesces at about 130° [Found: loss in a vacuum, 5-3; on vacuum- 
dried material, C, 49:1; H, 5-1. C,H,N,,C,H,O,,14H,O requires 

(for loss of 1H,0), H,O, 5:-4%. C,H,N;,C,H,O,,4H,O requires 
O,49-1; H,5:1%]. The specific rotation was determined in water : 
e= 0-914; 1=2; «+ 0-27°; [a].4., + 14:8°. The di-d-camphor- 
10-sulphonate is readily soluble in water, from which it crystallises 
in anhydrous needles, m. p. 198—200° (Found: S, 10-1. 
C,H,N3;,2C,,H,,0,8 requires S, 10:0%). The rotation was un- 
changed after recrystallisation from water below 40°: c= 1-0; 
C=2; w+ 0-428°; [aJoreg = + 21:4°: c= 2:04; T= 2; a+ 
0°868°;  [a]s4g3 = + 21:3°; whence [M],,., = 133-1°. Graham 
(J., 1912, 101, 747) gives for the molecular rotation of the camphor- 
sulphonic ion [M];,., = 66-5; whence, for two ions, [M],4., = 
133-0°, a value identical with that observed for the above 
salt. 

“ Methylation of 2-Phenylglyoxaline.—Methy]1 sulphate (28 c.c.) was 
added in small quantities to 40 g. of 2-phenylglyoxaline with cooling. 
A vigorous reaction ensued and the mass liquefied. After heating 
for 30 minutes on the water-bath, the product was treated with 
20 c.c. of water and mixed with sodium nitrate and nitric acid. On 
concentration, an oily layer separated, which deposited 11-2 g. of 
a nitrate, m. p. 126°; this, on recrystallisation, gave eventually 
8-5 g. of unchanged 2-phenylglyoxaline, and from its mother- 
liquors, 1-3 g. of 2-phenylglyoxaline picrate, m. p. 234°, and 1-0 g. 
of a new picrate, m. p. 132°. The original nitrate mother-liquors 
were concentrated further, made alkaline with sodium hydroxide, 
and extracted with chloroform. The chloroform was extracted 
twice with water; the aqueous solution, on evaporation with hydro- 
chloric acid, gave 15:5 g. of 2-phenyl-1-methylglyoxaline metho- 
chloride (VIII). The chloroform extract, distilled at 20 mm., 
gave 9-4 g. of an oil, b. p. 190°, from which alcoholic picric acid 
produced 27 g. of picrate, m. p. 124°. On recrystallisation from 
water, 19-2 g. of 2-phenyl-l-methylglyoxaline picrate, m. p. 132°, 
were obtained, and from the mother-liquors 1:6 g. of 2-phenyl- 
glyoxaline picrate, m. p. 232°, with various small crops of mixed 
picrates. 2-Phenylglyoxaline, aca reir haan nha and 

x 
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2-phenyl-1-methylglyoxaline methochloride were obtained in yields 
of 32-3, 18-2, and 26-7% respectively. 

2-Phenyl-1-methylglyoxaline (VII) is a viscous, pale yellow oil, 
b. p. 175°/15 mm., with a strong but not unpleasant odour. It is 
not soluble in water, but soluble in organic solvents. The chloro- 
aurate is practically insoluble in water, alcohol, or 3N-hydrochloric 
acid, but can be recrystallised from the first-named by addition of 
a little acetone. It separates in deep yellow, elongated prisms, 
m. p. 189° (corr.) (Found: Au, 42:8. C,,H,,N,,AuCl, requires 
Au, 42-7%). The nitrate is a very soluble salt crystallising in 
needles, m. p. about 100°. The picrate separates from 60 parts of 
boiling water in glistening, elongated plates, m. p. 133° (corr.). 
It dissolves three times as readily in boiling alcohol (Found : picrie 
acid, 59:3. C,)H,)N.,C,H,0,N; requires picric acid, 59-2%). The 
hydrochloride is extremely readily soluble in water or alcohol and 
separates in needles (Found: loss in a vacuum, 14:9; on dried 
material, Cl, 18-4. C,H, )N.,HCI,2H,O requires HO, 156% 8 
CoH, N,,HCl requires Cl, 18-2%). The hydrogen oxalate crystal- 
lises from alcohol in colourless, long needles, m. p. 135° (corr.). 
It is readily soluble in water and hot alcohol [Found: N, 11-0 
(Kjeldahl). C, 5H, N,,C,H,O, requires N, 11-3%]. 

2-Phenyl-1-methylglyoxaline methochloride was obtained in small, 
very hygroscopic needles, m. p. 272°, by dissolution in absolute 
alcohol and addition of ether (Found: H, 6-2; N, 13-7; Cl, 16-7. 
C,9H,)N,,CH,Cl requires H, 6-2; N, 13-4; Cl, 17:0%). On addition 
of strong alkali to an aqueous solution the quaternary base is 
precipitated as an oil. The chloroaurate crystallises from dilute 
hydrochloric acid, in which it is very sparingly soluble, in pale 
yellow, elongated leaflets, m. p. 134° (corr.) (Found: Au, 38:5. 
C,,H,,N,,AuCl, requires Au, 38:5%). 

Distillation of 2-Phenyl-1-methylglyoxaline Methochloride.—Five 
grams of this salt were distilled at 15 mm. 2-Phenyl-1-methyl- 
glyoxaline distilled over at 175° in 56% yield. It was converted 
into the picrate, m. p. 132°, and proved to be identical with that 
described above. 


We are indebted to Mr. W. Anslow for the majority of the analyses 
recorded in this paper. 


THe Nationan Institute ror Mepican RESEARCH, 
Hampsteap, N.W. 3. [Recewed, September 15th, 1925.] 
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CCCLXXI.—The Rate of Reaction of Bromine with 
Aqueous Formic Acid. 


By Datziet LLEWELLYN Hammick, WILLIAM KENNETH HutTcHIson, 
and FREDERICK RowLANDSON SNELL. 


Formic acid in aqueous solution is oxidised by each of the halogens 


to carbon dioxide and halogen acid, the reactions in the cases of 


bromine and iodine proceeding at rates that make velocity measure- 
ments possible. An account is now given of a study of the kinetics 
of the oxidation by bromine. Somewhat similar reactions have 
been studied by Bugarsky (Z. physikal. Chem., 1901, 38, 561; 
1904, 48, 63), who recognised clearly the disturbing effects due to 
the products of the reaction, to which effects further reference will 
be made. 

That the reaction goes to completion in accordance with the 
equation HCO,H + Br, = 2HBr + CO, was established in the 
following manner. A strong solution of bromine in water was 
contained in an apparatus as described by Richards (ibid., 1902, 
41, 544) which delivered bromine solution of constant strength. 
The amount of bromine in one measure (about 15 c.c.) was estimated 
iodometrically. A mixture of exactly 20 c.c. of a solution of 
formic acid of known strength, 4 measures of bromine water, and 
20 c.c. of approx. N-hydrobromic acid was kept in a thermostat 
at 25° for 3 days. By estimating the residual bromine it was found 
that 2-23 g.-mols. of formic acid react with 2-24 g.-mols. of bromine. 

Materials and Method.—The bromine, prepared from pure 
potassium bromide, contained 99-6°% Br, and no detectable iodine. 
The anhydrous formic acid contained 99-79% HCO,H. A Jena glass 
flask, of about 450 c.c. capacity, with a narrow neck and ground 
glass stopper was used as the reaction vessel, placed in a thermostat 


at 25-00° + 0°04°. The initial volume of reaction mixture was 


always 400 c.c. 

Preliminary experiments established the following points: (1) 
Under the conditions of working, light has no appreciable effect on 
the rate of reaction. (2) The rate of reaction is greatly diminished 
by the presence of hydrogen- or bromine-ion. 

Experiments were therefore made to determine the rate of dis- 
appearance of bromine in solutions containing excess of both formic 
acid and hydrobromic acid. Quantities of 25 c.c. of the reaction 
mixture were withdrawn at measured times and discharged into 
potassium iodide solution. The iodine liberated was then titrated 
with standard thiosulphate. In all these experiments the titration 


of the initial quantity of bromine was carried out under similar 
4x* 2 


2716  HAMMICK, HUTCHISON, AND SNELL: THE RATE OF 


conditions of acidity. But no attempt was made to neutralise the 
excess of acid in the titrations, since the form of the monomolecular 
velocity coefficient ensures that any proportional error in the 
titration will be eliminated. 

Table I shows that the rate of disappearance of bromine follows 
the monomolecular law k = 2:303/t . log {a/(a — x)}, where a is 
the initial titre equivalent to 25 c.c. of reaction mixture and (a — z) 
is the titre at time t (mins.). A zero time correction was introduced 
owing to the time of mixing being rather long compared with the 
time of reaction. This correction, obtained by plotting values of 
log {a/(a — x)! against t and extrapolating back to zero, was never 
very large, being generally of the order of — 0-1 min. All the 
values of k have been computed after the addition or subtraction of 
the necessary correction thus obtained. 


TABLE I. 
CuBr, CHCosH, and initial concentration of bromine = 0-1665, 0-278, and 
0:0108 g.-mol. per litre, respectively. Zero time = —0-05 min. 
Fiat aeh av bodeuee O00 1-82 3°30 4-32 5-68 7:30 11-80 


Br titre (c.c.) 27-12 18-69 13-32 10-81 8-18 5-82 2-40 
HoGidar (eae — 0-205 0-215 0-213 . 0-212 #-211 0-206 


Mean 0-210 


Table II summarises the results of similar experiments carried 
out in order to determine the influence of the concentration of the 
formic acid on the rate of reaction. The value of the monomolecular 
velocity coefficient, kop;,, is the measure of the rate of the reaction, 
and the constancy of the quotient /ops./cico,u is satisfactory proof 
that the rate is proportional to the concentration of formic acid. 
The reaction between bromine and formic acid is therefore of the 
second order. It remained to investigate the influence of the 
hydrogen and bromine ions on the rate of reaction. 


TABLE II. 
Cupr = 0-1820 g.-mol. per litre. 
Ce Hoe veer es axtee 0:1409 0-1409 0:2113 0-2818 0-4227 
Regt MA sass reste 0-092 0-096 0-146 0-192 0-284 
Koos. /Cucogu fe Shalevele 0:653 0-681 0-693 0-683 0-673 


Jakowkin (Z. physikal. Chem., 1896, 20, 19) and others have shown, 
as a result of partition experiments, that bromine in a solution 
containing excess of bromine ions is present largely as the tribromide 
ion. The equilibrium constant 

K, = [Bri Broli[Brs'] ii. wee 
has been calculated to about 0-063, assuming complete dissociation 
of the electrolytes involved. The corresponding constant for the 
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combination of bromine molecules with chlorine ions is of the 
order of 0-8. Now, in order to study the reaction at different 
concentrations of hydrogen ion, it is necessary to add varying 
quantities of some strong acid, and for this purpose hydrochloric 
acid appeared most suitable. But sufficient hydrobromic acid must 
be present, not only to maintain the bromine-ion concentration 
constant, but also to outweigh the much slighter influence of the 


chlorine ion in removing bromine molecules from the solution, and 


so render the disturbing effect of the chlorine ion negligible. 
Table III summarises the results of experiments carried out on 
these lines. The normality of the hydrobromic acid was 0-1213 
throughout and that of the hydrochloric acid never exceeded 
0-2540, so that the disturbing effect of the chlorine ion would never 
be serious. Under “ « ” are given the activity coefficients of hydro- 
chloric acid (Lewis and Randall, “ Thermodynamics,” 1923, p- 336) 
for the total acid concentration; for since coefficients for hydro- 
bromic acid were not available, it was assumed that they would 


_ not be very different from those for hydrochloric acid. 


TABLE ITI. 
Cuco:zH = 0-282 g.-mol. per litre. cyp, = 0-1213N. 
cuci(N). casr,ncy (NV). a. Kops. @ X Cusr,ucy X Kops. 
0-000 0-1213 0-807 0-353 0:0346 
0:0252 0-1467 0-798 0-298 0:0349 
0:0402 0-1637 0-793 0-269 0:0349 
0:0807 0:2020 0-782 0-216 0:0341 
0-1794 0:2907 0-769 0-157 0-0351 
0-2540 0:3753 0-763 0-125 0:0346 


The constancy of the figures in the last column shows that the 
rate of reaction is inversely proportional to the active or effective 
concentration of the hydrogen ion. This is readily explained on 
the assumption that the ions of formic acid react and not the 
undissociated molecules. Formic acid is a comparatively weak 
acid, obeying the dilution law, so that in the presence of excess of 
hydrogen ion the concentration of formyl ion is inversely propor- 
tional to the concentration of the hydrogen ion. 

It was anticipated that the influence of the bromine ion on the 
rate of reaction might be accounted for by the removal of bromine 
molecules as tribromide ions, provided that these do not take part 
in the reaction. If the expression (eq. 1) for the equilibrium 
between free bromine molecules, bromine ions, and tribromide 
ions is combined with equation 2, which represents the total concen- 
tration of bromine in the solution (= {Br,!) in terms of the concen- 
tration of free bromine molecules (= [Br,]) and of tribromide ions 
(= [Br;’]), 

fers) == [Bry] TB fe oy Se ae a) 
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a relation (eq. 3) is obtained between total bromine, free bromine, 
and bromine-ion concentrations. 
[Br.] = {Bro} /[1 + 1/K,[Br’']) . . - - () 
Assuming now that the reaction is due to the free bromine molecules, 
it is found that the reaction velocity should be proportional to their 
concentration at any instant, and that the monomolecular velocity 
coefficient should be related to the bromine-ion concentration by 
the equation 
Kons, = Ky/(l + 1/Ky[Br']) . . . . &) 
Two methods are available for testing these conclusions. The 
first of these, the results of which are in Table IV, consists in 
keeping the hydrogen-ion concentration constant by the introduction 
of a sufficient quantity of hydrobromic acid, which also supplies 
the minimum excess of bromine ion necessary to give the mono- | 
molecular velocity coefficient, and then varying the bromine-ion 
concentration by the addition of potassium bromide. | 


TABLE IV. 
CucoeH = 0-278 g.-mol. per litre. CHyBr = 0-1010N. Ky, = 0-110. 
Cxsr (NV). CqaBrt+KBr)(JV ). Kops. Kops. (1 + 1/K,[Br’]). 
0-000 0:1010 0:468 0-907 
0:050 0-151 O31 sea 0:908 
0-101 0-202 0-316 0-899 
0-140 0-251 0-274 0-898 
0-202 0-303 0-242 0-883 
0:303 0-404 0-194 0-900 


The value of the constant K, (eqs. 1 and 4) was obtained by 
plotting the reciprocal of the monomolecular velocity coefficient 
against the corresponding bromine-ion concentration, and for this 
it was assumed that all the electrolytes were completely dissociated. 
A good straight line was obtained (compare eq. 4), and from the 
point where this cuts the Br’ axis the value of K, can be deduced. 
The constancy of the numbers in the last column shows that for 
the value of 0-110 for K, the figures agree well with the theory, 
although this is a value considerably higher thansthat (0-065) found 
by Jakowkin (loc. cit.). 

It was realised that a possible reason for the discrepancy may be 
the assumption made that the electrolytes are completely dis- 
sociated; whereas the activity of the bromine ion varies quite 
considerably over the range of concentration used. Accordingly, — 
in the second method of studying the effect of the bromine ion, a ~ 
correction has been made for the activity. Here the concentration 
of the hydrobromic acid was varied and the corresponding mono- 
molecular coefficients were determined. The simple relation that 
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was shown to exist between the effective concentration of the 


_ hydrogen ion and the velocity of the reaction (Table III) was then 
_ employed to eliminate the influence of the changing hydrogen-ion 


concentration. 

Table V contains the results of the experiments carried out in 
order to test this method of attack. The second column gives the 
activity coefficients for hydrochloric acid (loc. cit.) which, as before, 


were assumed to be not very different from those for hydrobromic 


acid. The pairs of values of Kops. given in the fourth column are 


TABLE V. 


Cucosn = 0:278 g.-mol. per litre. K, = 0-070. 
8 = Kobe, & % Cres (1 “|: 1/a x kovs.CuBr)- 


CHBr (NV). a. ax Cupr(lV). Kops. a X Kobs.cupr- 8. 
; 1-018) ,, 
0-0555 0-848 0-0471 jy 'ggf1-014 00478 0-0800 
’ 0-398 | 6, 
0-1110 0-820 0-0911 4p f0°398 00362 0-0833 
0-1665 0-793 0-1320 Die poz 0-0280 0-0808 
0-2220 0-70 0-1730 0.136 }0°140 0-0242 0-0836 
7 0-092) 6. , 
0-2775 0-771 02140 9.995} 0-094 00201 0-0815 


the results of pairs of experiments under identical conditions. In 
the first of each pair, the initial concentration of bromine was about 
0-010 g.-mol. per litre, whilst in the second it was about 0-005 g.-mol. 
per litre. The mean of each pair (fifth column) was used in the 
subsequent calculations. The activity of the hydrobromic acid is 
given in the third column. The product of this activity and the 
corresponding monomolecular velocity coefficient gives (sixth 
column) the corrected values of kop;. The reciprocals of these 
corrected values were plotted against the activities of the hydro- 
bromic acid, or effective concentrations of the bromine ion, and the 
value of 0-070 for K, was deduced from the resulting straight line.* 


_ The constancy of the numbers in the seventh column shows that 


for this value of K, the results of the experiments are in good 
agreement with the theory. It is necessary from the point of view 
of this treatment that the activity of the tribromide ion should be 
considered equal to its concentration. This assumption is justified 
by the fact that the concentration of the tribromide ion is always 
low. And further, the two experiments of each pair agreed well 


* If the value of K, is calculated from the results in Table V (as it was 
in the case of the results in Table IV) without introducing the activities of 
the ions, the resulting figure is 0-105. This is in good agreement with the 
value 0-110 obtained from Table IV. 
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with each other in every case, although the initial concentration 
of bromine, and therefore of tribromide ion, was halved in the 
second of the two. For the purpose of accurate comparison with 
Jakowkin’s results (loc. cit.) it was necessary to recalculate, using 
activity coefficients, the value of K, from his figures. He gives no 
results for cases where the concentration of bromine was less than 
0-04 g.-mol. per litre, and the value of the constant tends to increase 
with increasing dilution of the bromine. For this reason, only 
those figures were considered which refer to the most dilute bromine 
solutions, and to concentrations of potassium bromide of the same 
order as those of hydrobromic acid used in the present investigation. 
The activity coefficients for potassium bromide were taken as 
identical with those for potassium chloride (Lewis and Randall, 
op. cit.). ‘The mean value of K,, in terms of the effective concen- 
tration or activity of bromine ion, was then calculated to be 0-048 
as compared with 0-070, the value deduced from the results in 
Table V. It follows that, like those in Table IV, the results in 
Table V agree in giving a figure for K, considerably higher than that 
generally accepted for pure aqueous solutions. 


Summary and Discussion. 


The reaction between bromine and formic acid has been studied 
in dilute aqueous solution, using the Ostwald isolation method. 
It is shown that formic acid is completely oxidised to carbon 
dioxide. The reaction is of the second order, but the rate is retarded 
by the hydrobromic acid produced. From a study of the separate 
effects of the hydrogen and bromine ions, it is deduced that the 
reaction takes place between the formyl ions and free bromine 
molecules, 7.e., those molecules of bromine which are not combined 
with bromine ions to give the complex ions Br,’. It is necessary 
to give to the constant for the equilibrium between bromine mole- 
cules, bromine ions, and tribromide ions a value considerably higher 
than that due to Jakowkin. Jakowkin’s experiments, however, 
were performed with concentrations of bromine considerably higher — 
than those used in the present investigation, and his constants — 
show a regular increase with increasing dilution of bromine. : 


THE BALLIOL AND TRINITY LABORATORIES, 
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~CCCLXXII.—Lactonic Esters derived from Phenacyl 
Bromide by Condensation with Ethyl Sodiomalonate 
and Analogous Substances. 


By Ramont Monan RAy and JNANENDRA Natu RAy. 


THE primary object of this work, viz., the preparation of ac-sub- 
stituted tetrahydronaphthalenes, was not achieved. 
o-Benzoylbenzoic acid is readily convertible into anthraquinone. 
It was hoped, therefore, that phenacylmalonic ester under suitable 
conditions would pass into a tetrahydronaphthalene derivative. 
_In presence of 6% aqueous potassium hydroxide, however, the 
reaction followed another course, the lactone I (R=H) being formed, 
which gave benzoic acid on oxidation. 


OH Ae 


pa TERS 
Ph CO, Et wan Phd CO () 
HO——Or- CO,Et HC—CR-CO,Et 


(R=H, Me, Et, COMe, CH,Ph, or CHMe,.) 


Lactones of type I were also formed in the reactions between 
phenacyl bromide and the sodio-derivatives of malonic, benzyl- 
malonic, tsopropylmalonic, acetylmalonic, and benzoylmalonic 

esters. Varying quantities of acetophenone also were produced, 
due to reduction of phenacyl bromide. 

Phenacyl bromide, ethyl cyanoacetate, and sodium ethoxide 
reacting in molecular quantities in alcoholic solution gave ethyl 

| diphenacylcyanoacetate, (COPh:CH,),C(CN):CO,Et, but when dry 
ethyl sodiocyanoacetate (2 mols.) was heated for several hours 
with phenacyl bromide (1 mol.) suspended in dry benzene, a sub- 
stance, m. p. 125—127°, was obtained which is believed to be the 
mono-substitution product. This could not be converted into a 
tetrahydronaphthalene derivative under a variety of conditions. 


. EXPERIMENTAL. 


The reactions of phenacyl bromide with the following substances 
were examined. 

With Ethyl Sodiomalonate—The sodio-derivative (prepared from 
0:7 g. of sodium and 5 c.c. of ethyl malonate) in cooled absolute 
alcohol (30 ¢c.c.) was shaken vigorously with phenacyl bromide 
(6 g.). After 10 minutes, the mixture, now neutral, was poured 
into much water; by extraction with ether, ethyl phenacylmalonate 
was obtained as an oil (8 g.), d 1-2. 

The crude ester was shaken in the cold with 6% potassium 
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hydroxide solution (65 c.c.). The red, semi-solid mass that had 
separated after 12 hours was crystallised from rectified spirit, the 
lactone (1; R=H) of a-carbethoxy-y-hydroxy-y-phenyl-A’-propene- 
carboxylic acid being obtained in colourless needles, m. p. 105° 
(Found: C, 67:6. C,,H,,0, requires C, 67-2%).* | 

By keeping the lactone (1 g.) for 12 hours in a minimum of cold 
alcohol saturated with dry ammonia, the corresponding amide, 
C9H,0,°CO-NH,, was obtained in long needles, m. p. 153—154° 
after crystallisation from dilute alcohol (Found : N, 7:1. C,,H,O,N 
requires N, 6-9%). 

The lactone (1 g.) was oxidised with N/10-sulphuric acid (50 c.c.) 
and V/10-potassium permanganate (excess) on the boiling-water 
bath. Ether extracted benzoic acid from the product after the 
usual treatment. 

With Ethyl Sodiocyanoacetate——An alcoholic solution of the 
reactants (1 mol. of each) was heated on the water-bath for } hour 
and then poured into water. The precipitate formed was removed 
after 12 hours; the filtrate gave nothing to ether. By fractionally 
crystallising the precipitate from 50% alcohol, ethyl diphenacyl- 
cyanoacetate, m. p. 141° (Found: N, 4:3. ©,,H,,0,N requires 
N, 40%), was obtained together with a small quantity of a sub- 
stance, m. p. 125—127°. 

With Ethyl Acetylsodiomalonate—Ethyl acetylmalonate was pre- 
pared by treating “molecular” sodium (1 atom.) with ethyl 
malonate in ice-cold, dry ether and warming the mixture with acetyl 
chloride (1-25 mols.) at 33° for an hour. The product after decom- 
position with a small quantity of water was shaken with ether. 
The dried extract was fractionated; the portion, b. p. 125—128° [17 
mm., was pure acetylmalonate (yield 60%). 

Ethyl acetylmalonate (4 c.c.) was added to alcoholic sodium 
ethoxide (0-46 g. of sodium in 25 ¢.c.); the mixture was treated 
with 4 g. of phenacyl bromide and, after a few minutes, warmed 
at 50—55° for ¢ hour. Ether extracted from the product, diluted 
with water, the lactone (I; R=CO-CH,) of ethyl a-acetyl-y-hydroxy- 
y-phenyl-A*-propenecarboxylic acid, which crystallised from alcohol 
and ether in needles, m. p. 1835—136° (Found : (©, 65-6. C,;H,,0; 
requires C, 65-7%%). 

As ethyl acetylmalonate is easily decomposed into ethyl aceto- 
acetate by alkali, the compound, m. p. 119—120°, prepared from 
phenacyl bromide and ethyl sodioacetoacetate was compared with 
the preceding lactone; it depressed its m. p. : 

With Ethyl Sodioethylmalonate—The reaction was carried out as 


* The humidity of the air (ca. 80%) made determinations of hydrogen 
almost impossible. 
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in thease of ethyl sodiomalonate. The lactone produced (I; R=Et) 
-erystallised from alcohol in needles, m. p. 1834—135° (Found : ©, 69:3. 
C,;H,,0, requires C, 69-2%). 

: With Ethyl Sodiobenzylmalonate.—The lactone (I; R=CH,Ph) 
obtained crystallised from alcohol in flat needles, m. p. 125° (Found : 
'C, 73-8; H, 6-2. C,,H,,0, requires C, 74-5; H, 5-6%). 

_ With Ethyl Sodioisopropylmalonate.—The constituents in mole- 
cular proportions were boiled in alcoholic solution on the water- 
bath for 1 hour. The product, on dilution with water, deposited 
‘the lactone (I; R=CHMe,), which crystallised from alcohol in 
‘needles, m. p. 151° (Found: C, 69-7; H, 6-5. C,,H,,0, requires 
i; 70-1; H, 6-5%). 


Our thanks are due to Sir P. C. Ray for his interest in this work. 


COLLEGE OF SCIENCE, CALCUTTA. [Received, September 3rd, 1925.] 


CCCLXXIIL.—LHquilibrium in the System: 
CH,'CO-0-:CH, + H,O == CH,'0H + CH,'CO-OH. 


By GEORGE JOSEPH BURROWS. 


From the results of experiments on the rate of hydrolysis of methyl 
acetate by acids in the presence of various amounts of water and 
acetone it appeared that the equilibrium between the ester, water, 
alcohol, and acetic acid varied considerably. Jones and Lapworth 
(J., 1911, 99, 1427) have shown that the equilibrium constant of 
ethyl acetate varied between 6 and 9 for solutions containing hydro- 
chloric acid, in which the ratio of molecules of water to hydrogen 
chloride varied from 6-2 to 4:6. In the case of methyl acetate, 
Berthelot and Péan de St. Gilles (Ann. Chim. Phys., 1863, 68, 225) 
found that if equivalent quantities of acetic acid and methyl 
alcohol were mixed, 67:5% of each had combined at equilibrium, 
from which result K = 4:31. The value obtained from Mens- 
chutkin’s results (Annalen, 1879, 195, 334) is K = 5:18, whilst 
Worley (Proc. Roy. Soc., 1912, A, 87, 582) deduced the value 6-6 
by extrapolation for a solution containing no added catalyst. 
Results are now given for the value of K for solutions containing 
relatively low concentrations of water, and the effect of diluting the 
system with various quantities of water, methyl alcohol, and acetone 
has been studied. The acetone was added with the intention of 
diluting the system with a substance not participating in the reaction. 
Special precautions were taken to dehydrate the alcohol, ester, and 
acetone. It has been found that the value of K is dependent not 
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only on the ratio [H,0]: [HCl], but also on the amount of methy] 
alcdhol or acetone present in the solution. Only for solutions con- 
taining a large excess of methyl alcohol is K in the neighbourhood 
of 4: in all other cases it is considerably greater. For solutions 
containing approximately equal amounts of water and ester, in 
which the ratio of molecules of water to hydrogen chloride is not 
greater than 7 to 1, K is greater than 12. Ag the amount of water 
relative to hydrogen chloride is increased, the equilibrium constant 
decreases, approaching 7 as the limiting value for a solution in 
which the ratio [H,O]: [HCl] is about 1000. The value of K is also 
decreased by the addition of acetone to the solution, the effect being 
smaller than that observed when the system is diluted with excess of 
water. 

A considerably greater effect is observed when the system contains 
a large excess of methyl alcohol. Thus for a solution in which the 
ratio [HCl] to [H,O] to [CH,-OH] was 1 to 7:8 to 2:2, K was 11-92, 
whereas the values 5-87 and 4-34, respectively, were obtained for 
solutions in which the ratios were 1 to 9-6 to 32:6 and 1 to 625 to 
2639. 

This displacement of the equilibrium by hydrogen chloride 
indicates that the latter alters the activity of one or more of the 
reactants so that the total concentrations of water, methyl acetate, 
acetic acid and methyl alcohol found at equilibrium in the usual 
way are in reality not the concentrations actually participating in 
the equilibrium. At present it is not possible to state what fraction 
of each of the substances is rendered inactive in this way, but 
the results recorded here are capable of explanation by such a 
theory. Itisnow definitely established that in a solution of hydrogen 
chloride in water, only a portion of the hydrogen chloride and water 
molecules are in an active condition. Thus from electromotive- 
force or vapour-pressure measurements of a series of such mixtures 
one can calculate the activity of water in the presence of different 
amounts of hydrogen chloride. The figures in the seventh column 
in Table I, taken from the results of Dobson and Masson (J., 1924, 
125, 671), represent the fraction of the water molecules in each 
particular solution that are in the active condition. The figures in 
the eighth column are obtained by multiplying K by the “ water 
activity ’’ in each case, and it will be seen that these numbers are 
constant and equal to about 7. This would indicate that the con- 
centration of water participating in the equilibrium is the same as the 
active concentration found from vapour-pressure measurements. 
Furthermore, the constancy of this product points to the fact that, 
for the particular concentrations in this series, the effect of the 
hydrogen chloride on the equilibrium constant is due almost entirely 


a 
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fo its effect on the activity of the water. There can be no doubt 
‘that the catalyst affects to some extent the activity of the other 
reactants, but it would appear from these results that this effect is 
negligible in comparison with the effect on the water, or else the 
individual effects on the ester, alcohol, and acetic acid neutralise 
‘one another or have a constant value in these cases. 

_ Figures are not available for the effect of hydrogen chloride on 
the activity of these three substances. McBain and Kam (J., 1919, 
115, 1332) have recorded results for the vapour pressures of mixtures 
of water and acetic acid at the boiling point, with and without the 
addition of neutral salts. These authors concluded from their 
results that “many salts enhance the partial vapour pressure of 
acetic acid in aqueous solution by very appreciable amounts. The 
undissociated acid must be regarded as exhibiting enhanced chemical 
potential in the presence of such salts.” The increase in the partial 
pressure is proportional to the concentration. 

The results given in Tables VI and VII can be explained, at least 
qualitatively, on the assumption that the addition of hydrogen 
chloride to an aqueous solution of acetic acid has an effect on the 
activity of the molecules of the latter similar to that resulting from 
the addition of a neutral salt. The addition of a large excess of 
methyl alcohol to the system under discussion results in a marked 
decrease in the value of K. But an increase in the concentration of 
methyl alcohol relative to hydrogen chloride corresponds to a decrease 
in the concentration of acetic acid relative to hydrogen chloride, 
1.e., to an increase in hydrogen chloride relative to acetic acid. The 
observed decrease in K with increasing alcohol concentration can 
thus be explained on the assumption that it.results from an increase 
in the activity of the acetic acid under these conditions. At present 
it is not possible to treat the subject quantitatively, but experiments 
are now in progress from which it is hoped to determine the actual 
effect of hydrogen chloride on each of the reactants in a system 
such as this. 

EXPERIMENTAL. 


Freshly distilled methyl acetate mixed with the desired quantity 
of water and hydrochloric acid was kept for 2 or 3 days in a stoppered 
flask, until the mixture had become homogeneous. The weight 
of hydrogen chloride in a given weight of the acid used was previously 
determined. Small quantities of this stock solution were then mixed 
with various amounts of water, acetone, methyl alcohol, or methyl 
acetate, and sealed in hard glass tubes which had previously been 
steamed and dried. All quantities of the different liquids were 
weighed. The liquids used were purified and dehydrated by 
suitable means and their purity was ascertained by boiling point 


e 
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and density determinations. The acetone and methyl alcohol 
were dehydrated with metallic calcium. The methyl acetate was 
freed from acid by means of sodium carbonate and dehydrated with 
calcium chloride. It was then distilled, the middle portion of the 
distillate being used in these experiments. A sample treated in 
this way was hydrolysed with barium hydroxide solution, and the 
amount of methyl acetate found was 99-7% of the theoretical. 

The tubes containing the different solutions were kept in a 
thermostat at 25-0° for different intervals of time, varying from 2 
to 10 weeks, according to the amount of hydrochloric acid present. 
The tubes were then opened under neutral sodium acetate solution, 
and the amount of acetic acid was determined by titration with 
barium hydroxide solution. Blank experiments were performed 
which showed that the solutions had no determinable effect on the 
glass tubes. 

The figures given in the following tables represent the number of 
gram-molecules of the different substances present at equilibrium. 
The values of the equilibrium constant were calculated from the 
equation K = [AcOMe][H,0]/[AcOH][MeOH]. 

The effect of hydrogen chloride on the equilibrium constant is 
shown by the results in Table I. For the first four experiments, in 
which the amount of water was comparatively small, K is much 
larger than is the case for the solutions for which the ratio [H,O] : [HCl] 
was high. As stated above, the products of these high values of 
K and the “ water activity ’’ are approximately constant. 


TABLE I. 

[AcOH] = Water 
[HCl] [AcOMe] [H,O] [MeOH] [H,0]. activity, 
ALOR lt i LORY ee MT OR Ailey ord 8, iy) ELON] RK. a. Ka. 
5-57 84-86 31-14 14:36 6-82 12:82 0525 6-8 
4-245 44:57 31-84 10-80 750 12:17 0-56 6-8 
4-49 34-10 34:74 9-935 7-74 12:01 0-57 6-8 
4:59 34:00 35-96 10-13 7-83 11:92 0:58 6:9 
4-53 24-81 135-7 19-65 30-0 8-72 
5-01 976) (261-6 9-565 52-2 7-89 
0-446 32-44 36-8 12-33 82-5 7:85 |* 
0-444 25:14 113-6 19:40 255-9 7-59 
00576 19-65 27-80 8-667 482-7 7:27 


* Accurate figures for the value of the “‘ water activity ”’ in dilute solutions 
are not available, but by interpolation from the other values the activity 
in these five cases is found to vary from about 0-9 to 1. The product K x 
‘““ water activity ’”’ for these dilute solutions is therefore approximately 7. 


In the next series of experiments the effect of diluting the system 
with acetone was studied. ‘The results are in Tables II, III, 
and IV. 
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TABLE II. 

[HCl] [AcOMe] [H,O] [AcOH]=[MeOH] [Me,CO] 

x 103. x 10°. x 103. x 103. eons K. 
4-49 34-10 34:74. 9-935 — 12-01 
4-53 34°34 35-00 10-17 8:00 ., 11-63 
4-48 33-78 34:44 10-14 21: Le 2182 
4-48 33°64 34-30 10-31 53-7 10-85 
4°49 33-61 34:27 10°43 79-7 10-60 
1-34 9-85 10-05 3°147 106-0 9-99 


The ratio [H,0]: [HCl] is nearly constant throughout the above 
series and is equal to 7-7. 


TABLE III. 
[HCl] [AcOMe] [H,O] [AcOH]=[McOH] (Me,CO] 
x. 10°. x 10%. x 10°, < 10. 0°. ice" 
4-59 34:00 35-96 10-13 11-92 
4-59 33-86 35-83 10-32 14:3 3 11-4 
4-54 33-25 35-18 10°43 30-0 10-75 
4-49 32-81 34:74 10°38 53-4 10-58 


Although the results in these two tables are very similar, they 
represent two distinct sets of experiments, the solutions being 
prepared from entirely different samples. 


TABLE IV. 

[HCl] [AcOMe] [H,0] [AcOH]=[McOH] [Me,CO] 

aE <x 10%. x 108. Kalo. x 105. K. 
446 ae 44. 36-80 12:33 — 7°85 
0-444 32-21 36°57 12-33 8-26 7°75 
0-391 28-28 32-12 10-91 2-52 7-63 
0-446 BS AS hp 36-47 12-64 16-0 7°33 
0-446 32-02 36-40 12-75 29-2 7:17 
0-444 31-82 36-18 12-79 38-8 7-04. 
0-445 31-82 36-19 12-83 47-2 7:00 


The ratio [H,O]: [HCI] in this case is 81. 

The results in these three tables show that the presence of 
acetone decreases the value of the equilibrium constant, but when 
the ratio [H,O]: [HCl] is low the effect is less than that caused by 
the addition of the same number of molecules of water to the system 
(Tables II and III), whereas it is apparently greater in the case of a 
solution in which there is a great excess of water over hydrogen 
chloride (Table IV). In the former case, a solution containing 7-7 
molecules of water and 79 of acetone to 1 of hydrogen chloride gives 
a value for K equal to 10, whereas a solution containing 86 molecules 
of water to 1 molecule of the acid would have a value of 7:8. In the 
latter case, however, the value for a solution containing 80 molecules 
of water and 106 of acetone to 1 of hydrogen chloride is less than that 
for a solution containing 186 molecules of water. 
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The effect of increasing the concentration of methyl acetate is 


shown by the resultsin Table V; increases slightly with increasing 


concentration of ester. 


TABLE V. 
[HCl] oo) [H,O] [AcOH]=[Me0H] 
x 10%. x 10°. pe <x: 10°; 5 
4:59 34:00 35°96 10-13 11-92 
4:25 44-57 31-84 10:80 12-17 
4:64 64-61 33-42 13-22 12-36 
4:56 79-88 31-61 14-08 12-74 


The effect of adding methyl alcohol to the system is shown by the 
results in Tables VI and VII. 


TABLE VI. 


[HCl] [AcOMe] [H,O] [MeOH] [AcOH] 
x10. x 10% x 10% x 10% x 10% [MeOH]:[HCl]. K. 


4-59 34-00 35-96 10-13 19-13 2-2 11-92 
4:57 38-45 40-37 33°57 5-51 73 8-39 
4:59 40-34 42-30 63-16 3°794 13-8 7-12 
4:60 42-13 44-08 149-4 2-118 32-6 5°87 


In this series the ratio [H,O] : [HCl] increases from 7-7 to 9°6. 


TABLE VII. 
[HCl] [AcOMe] [H,O] 00 ie [AcOH] 
x’ 10°. xX 10°. peau WU a x 10°. [MeOH] : [HCl]. K. 
00-0576 19-65 27-80 in ae - 667 150-5 7:27 
0:0576 26-03 34:22 79-20 2-418 1375 4-65 
0:0576 27:63 36:02 152-0 1-51 2639 4-34 


In this series the ratio [H,O]: [HCl] increases from 483 to 625. 
The usually accepted value for the equilibrium constant was 


found only in the last two experiments of this particular series. It. 


is concluded, from the results given in the last column of Table I, 


that the true equilibrium constant corrected for the effect of hydrogen 


chloride is 7, and that the low results given in Table VII are due to 
the effect of the hydrogen chloride on the acetic acid, just as the: 
high values of K in Table I are attributable to its effect on | 
activity of the water. 


The author is indebted to the McCaughey Research Fund Com- 


mittee for a grant to defray the expense of this investigation. 
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CCCLXXIV.—Synthesis of 2:3:5 (or 2:3:4)-Tri- 
methyl Glucose.* 


By James Corqunoun Irvine and Jonn Watrer Hype 
OLDHAM. 


4 


Recent developments in the constitutional study of carbohydrates 
demand that, from time to time, the structure of the sim ple methyl- 
ated sugars utilised as reference compounds in such work should 
be brought under review. In the present case, we have selected 
2:3: 5-trimethyl glucose for further examination, as this sugar 
is the key to the constitution of both maltose and £-glucosan, and 
acquires further importance in connexion with the chemistry of 
starches. Obviously the significant feature of this particular form 
of trimethyl glucose is the non-reducing hydroxyl group, as the 
identification of its position indicates the linkage of the two glucose 
residues in maltose and also the attachment of the anhydro-ring 
in B-glucosan. In order to give a clear view of the present position, 
it may be recalled that 2 : 3 : 5-trimethyl glucose was first obtained, 
in the form of the corresponding methylglucoside (Purdie and 
Irvine, J., 1903, 83, 1021; Purdie and Bridgett, ibid., 1037) by 
methylating methylglucoside in the presence of excess of methyl 
alcohol. The free sugar was also studied by the above workers, 
who converted it into 2 : 3: 5 : 6-tetramethyl glucose and tentatively 
ascribed to it the structure still in use. Their views were after- 
wards supported by Irvine and Dick (J., 1919, 115, 593), who 
showed that, on oxidation by nitric acid, the sugar is converted 
into a trimethyl saccharo-lactone. This observation was con- 
firmed by Haworth and Leitch (ibid., 809), who isolated the same 
sugar from fully methylated maltose, and by Irvine and Oldham 
(J., 1921, 119, 1744) in studying the structure of §-glucosan, 
Although there seemed no reasonable doubt that the methylated 
glucose in question was correctly formulated, the evidence obtained 
by subjecting sugars to the oxidising action of nitric acid should 
not be accepted as final so long as other and more diagnostic tests 
are available. The divergent results obtained by Irvine and Hogg 
(J., 1914, 105, 1386) and by Levene and Meyer (J. Biol. Chem., 
1922, 54, 805) in oxidising monomethyl glucose by means of nitric 
acid may be quoted in illustration of this point. 

The constitution of 2:3: 5-trimethyl glucose has now been 

* In a letter to Nature, 19th September, 1925, Haworth states that he 
has obtained evidence leading to the conclusion that normally the oxidic 
Ting in glucose couples positions 1 and 5. Should this be substantiated, the 


methylated glucose which forms the subject of the present communication 
Should be indexed as 2: 3: 4-trimethyl glucose. 
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confirmed by the following synthetical scheme, which was designec 
to produce a methylated glucose with unsubstituted hydroxy. 
groups definitely in the terminal positions 1 and 6. 

Stage I. Triacetyl glucosan was converted by Karrer’s process 
into triacetyl dibromoglucose, identical with that previousl} 
obtained by Fischer from penta-acetyl glucose. 

Stage II. The above dibromo-derivative, when treated witl 
methyl alcohol in the presence of silver carbonate, gave triacety 
methylglucoside bromohydrin, and the subsequent reactions wert 
therefore designed to replace acetyl by methoxyl and thereafter tc 
introduce the hydroxyl group in place of bromine. 

Stage III. The acetyl groups were removed by the action ©: 
alcoholic ammonia, giving methylglucoside bromohydrin. It maj 
be mentioned that, although the physical constants were other 
wise in good agreement, the melting point of this compound wat 
found to be several degrees higher than that quoted by Fischer. 

Stage IV. Methylation of methylglucoside bromohydrin unde 
conditions which would have the minimum effect on the bromine 
atom was achieved by the silver oxide reaction and gave a mixture 
of (a) trimethyl methylglucoside bromohydrin (80°94) and (b) the 
corresponding enolic anhydride (20%). From this mixture, pure 
trimethyl methylglucoside bromohydrin was isolated. 

Stage V. The above compound, when heated at 150° wit 
alcoholic potassium acetate, gave a 72% yield of pure crystallin 
trimethyl $-methylglucoside identical with that obtainable fron 
the form of trimethyl glucose which is the subject of the investig 
ation. This result supplies the evidence required. 

In the glucoside finally obtained, the hydroxyl group occupies 
the position of the bromine atom in triacetyl methylglucosid 
bromohydrin. As Fischer succeeded in reducing the latter t 
triacetyl methylisorhamnoside (Ber., 1912, 45, 3761), the grouf 
is therefore in the 6-position. In consequence, the methyl group: 
in the corresponding sugar must be in positions 2, 3, and 5 
Although we are unwilling to attach undue importance to colow 
tests, the proof is strengthened by the following considerations 
In the glucose molecule positions 1, 2, 3, and 5 are occupied by 
secondary alcohol groups, and the only primary alcohol group is 
in the 6-position. If, therefore, the vacant hydroxyl group in 
trimethyl methylglucoside is primary, the corresponding nitro: 
derivative should give a red colour by Meyer’s test; otherwise ¢ 
blue solution will result. Trimethyl methylglucoside bromohydrir 
was therefore converted into the corresponding iodohydrin, whick 
was transformed with some difficulty into mononitro-trimethy. 
methylglucoside. This, on treatment with nitrous acid, gave, as 


SYNTHESIS OF 2:3:5 (OR 2:3:4)-TRIMETHYL GLUCOSE. 2731 


expected, the characteristic red colour similar to that obtained 
from nitromethane. 

In verification of our former work on B-glucosan we have repeated 
the conversion of this anhydroglucose into trimethyl glucose and 
subjected the sugar to the following successive operations : 

I. Acetylation, giving trimethyl glucose diacetate. 

II. Bromination, by the action of hydrogen bromide in glacial 
acetic acid, giving trimethyl acetyl glucose bromohydrin. 

Ill. Action of sodium methoxide, giving trimethyl ®-methyl- 
glucoside. 

The methylated glucoside finally isolated was identical with that 
obtained in the synthetical processes already synopsised, thus 
confirming that 8-glucosan is 1: 6-anhydroglucose. In order to 
render the scheme of reactions intelligible the various changes 
involved in the two alternative methods of producing 2: 3: 5-tri- 
methyl methylglucoside may be represented structurally : 


I. From Penta-acetyl Glucose or from Triacetyl Glucosan. 


> CHBr , CH-OMe 
Penta-acetyl ‘ eae 0 rants 
JH OAG HU AG 
Pace ‘wea Lon ae Log 
glucosan CH: OAc CH: Oke 
_ Stage I. CH,Br Stage ITI. CH,Br 
moe! OMe > CH:OMe 7 GH:OMe 
CH OH CH-OMe d CH:OMe 
CH OH a 0 CH-OMe geal CH-OMe 
CH 80%  —CH With OL 
CH:OH CH:OMe OH-OMe 
Stage ITI. CH,Br Stage LV. CH,Br Stage V. CH,°-OH 
II. From Glucosan. 
2 5 man CH ary} CH-OH 
b CH-OH CH-OMe ‘ seaaken 
YH. rity. C ° 
tO an ayaa . a e 
CH OH | CH-OMe | CH:OMe 
li Peer CH, CH,°-OH 
CH OAc r-CHBr CH OMe 
OH OMe tet yeaa 
CH:OMe 1 CH:OMe CH:OMe 
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CH-OMe CH:-OMe CH:-OMe 
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The collective results may be compressed into the statement that 
dibromotriacetyl glucose, maltose, and glucosan are all convertible 
into the same form of trimethyl glucose. 

We are engaged in attempts to synthesise other partly methyl- 
ated sugars and, the isomeric distinction between 2:3:5- and 
2:3: 6-trimethyl glucose having now been established, the results 
will be utilised in forthcoming papers from this laboratory. 


EXPERIMENTAL. 


The following account of experimental procedure is limited to 
the synthetical reactions described in the introduction. Other 
reactions to which reference is made were carried out by methods 
which are now standardised, and their description is therefore 
omitted. 

Triacetyl Dibromoglucose from Triacetyl B-Glucosan.—The method 
recommended by Karrer (Helv. Chim. Acta, 1922, 5, 124) was 
adopted, minor variations being introduced, as the reaction, which 
is most successful when small quantities of material are manipul- 
ated, requires careful control. Triacetyl 6-glucosan (in lots of 5 g.) 
was heated on a boiling water-bath with phosphorus pentabromide 
(8-5 g.), the flask being fitted with a ground-in condenser. When 
effervescence had nearly ceased, the contents were poured into 
finely-crushed ice and thoroughly disintegrated by a glass rod. 
Similarly, the residue in the flask was mixed as rapidly as possible 
with small pieces of ice until all halides of phosphorus had been 
destroyed. Rise of temperature must be avoided in these operations. 

The fine white powder resulting from several experiments was 
united, washed with water until free from phosphoric acid, and 
thereafter with absolute alcohol until the washings were nearly 
colourless. Purification was effected by dissolving in a small 
quantity of chloroform and precipitating with light petroleum. 
The yield of crystalline product (m. p. 173°), including the material 
obtained from the mother-liquors, averaged 50° of the theoretical 
amount. As the rotation of the compound does not appear in the 
literature, the following values were determined : 


Solvent. roe Pal, 
CL OL GEOLIN » oaks sina Bae aa PA Ae dos Backes s oe 1-537 +189-9° 
Ciackal ACObLs ACI...) verti guieeeges nates tele bo 1-256 +185-9 


Conversion of Triacetyl Dibromoglucose into Triacetyl Methyl- 
glucoside Bromohydrin.—This reaction was carried out exactly as 
described by Fischer (Ber., 1902, 35, 857; 1920, 53, 873), the 
yield of glucoside being nearly quantitative; after recrystallisation 
from absolute alcohol, the product melted at 126—127°. As in 


SYNTHESIS OF 2:3:5 (oR 2:3:4)-TRIMETHYL GLUCOSE. 2733 


this case also no optical data appear to have been published, the 
specific rotation in the following solvents was determined : 


: Solvent. C. bales 
UE RET ST Te NB Shite eat tly La dl a al 3-012 —]-4° 
PEUN YE BICONOL IIR VC. Reo loos vee 3:014 —3-] 

PP IGGIAN OC UIO AAGIE boc luliy ohne sdscaclecsomedes 3-006 —2-7 , 


Methylglucoside Bromohydrin—The acetylated methylglucoside 
bromohydrin obtained as above was dissolved at room temperature 
in methyl alcohol containing 5—10°/ of ammonia so as to form 
a 5% solution. It is unnecessary to saturate the liquid with 
ammonia as stated by Fischer and the use of a dilute solution 
enables the end-point of the reaction to be determined polari- 
metrically. When the specific rotation had diminished to — 19:3°, 
the product was isolated by evaporating to dryness and extracting 
with chloroform to remove acetamide. The yield of crude bromo- 
hydrin was nearly quantitative, and after recrystallisation from 
ethyl acetate, the compound melted and decomposed at 153—154° 
in place of 148° as quoted by Fischer. In aqueous solution, under 
conditions identical with those used by Fischer, the specific rotation 
was — 33-6", the literature value being — 34-9°. 

Tribenzoyl methylglucoside bromohydrin has no direct bearing 
on the main investigation, but reference may be made to it. The 
normal procedure was followed, the bromohydrin being acted on 
by a slight excess of benzoyl chloride dissolved in pyridine. The 
product was brought into solution in a minimum of glacial acetic 
acid, and the pure tribenzoate precipitated by addition of absolute 
alcohol : m. p. 160—162°; [a], in chloroform — 5-0° for c = 2-413; 
needles, insoluble in water and light petroleum, and readily soluble 
in organic solvents with the exception of alcohol and ether. 

Trimethyl Methylglucoside Bromohydrin.—For the particular 
object in view, alkylation by silver oxide and methyl iodide is the 
only method applicable to methylglucoside bromohydrin. The 
usual procedure was followed, methyl alcohol being added during 
the first methylation. After four successive treatments, the refrac- 
tive index was constant and the liquid product was distilled, a 
mobile syrup being obtained (b. p. 140°/1 mm.; mp 1-4720; [a]p 
in methyl alcohol — 20-5° for c= 1). Examination showed that 
at least two compounds were present, one of them containing no 
bromine. This constituent was present to the extent of 20% 
and was evidently dimethyl anhydromethylglucoside (Found : 
C, 42:7; H, 6-7; OMe, 41-7; Br, 21-3. Calc. for trimethyl methyl- 
glucoside bromohydrin, C, 40-1; H, 6-35; OMe, 41-4; Br, 26-7%. 
Cale. for a mixture of 80% of the above with 20% of trimethyl 
anhydromethylglucoside, C, 42:7; H, 6-6; OMe, 42-2; Br, 21:3°%). 


2734 SYNTHESIS OF 2:3:5 (oR 2:3: 4)-TRIMETHYL GLUCOSE. 


The close agreement with the experimental figures, particularly 
the result of bromine determinations, confirms the composition 
‘ascribed to the mixture. The constituents were separated by 
solution in ether and repeated extraction with water, a process 
which completely removed dimethyl anhydromethylglucoside. 
After evaporation of the ether the residual syrup was fractionated 
in a high vacuum, giving a liquid distillate which slowly crystallised. 
Owing to the ready solubility of the compound in all solvents with 
the exception of water, no suitable recrystallising medium could 
be found but, after spreading on a tile, the crystals were hard 
and crisp: m. p. 24°; mp 1-4735; [a]p in acetone — 5-8" (¢ = 3°851), 
in methyl alcohol — 4:7°, in benzene — 7-7°, in chloroform — 3-5° 
(Found: C, 40-3; H, 6:3; OMe, 41:3; Br, 27-2. Trimethyl 
methylglucoside bromohydrin requires C, 40-1; H, 6-35; OMe, 
41-4; Br, 26-7%). 

Hydroxylation of T'rimethyl Methylglucoside Bromohydrin.—Pre- 
liminary experiments having shown that both aqueous and alcoholic 
sodium hydroxide react with the bromohydrin, eliminating hydrogen 
bromide and giving unsaturated derivatives, the hydroxylation 
was effected by means of potassium acetate. A 3% solution of 
the bromohydrin in methyl alcohol was heated with excess of 
potassium acetate at 150° for 3 days, during which the levorotation 
increased greatly. The crude product, on isolation in the usual 
manner, was obtained in nearly quantitative amount but was 
contaminated with an unsaturated impurity. On keeping, how- 
ever, the syrup solidified and, after draining on a tile and recrystallis- 
ing from light petroleum, a 72% yield of pure trimethyl 6-methyl- 
glucoside was obtained in characteristic crystals. The melting 
point was 93—94°, a value which was unaffected when the material 
was mixed with an authentic specimen of the compound. The 
specific rotation also was in close agreement ([«]p in chloroform 
—11-9° for c = 1-084). It was ascertained that owing to the 
alkalinity of potassium acetate the above hydroxylation was 
accompanied by a side-reaction giving rise to an unsaturated 
compound; this is being further examined. 

Trimethyl Methylglucoside Iodohydrin.—The general method 
described by Finkelstein (Ber., 1910, 43, 1528) was employed, a 
solution of trimethyl methylglucoside bromohydrin in acetone 
being heated at 100° for 6 hours with twice the theoretical amount 
of sodium iodide. After removal of the acetone, the residue was 
extracted several times with ether and the united extracts were 
washed with aqueous sodium thiosulphate solution, allowed to 
stand over sodium sulphate, and evaporated to dryness. The 
product crystallised readily in needles and, when drained on a tile, 
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nelted at 31—34°. Owing to the excessive solubility in all solvents 
2xcept water, no recrystallising medium could be found, but the 
sompound was evidently pure (Found: OMe, 36-1; I, 36-5, Cale., 
JMe, 35:8; I, 36-7%; np 1-4992; [«]) + 8-6° in chloroform for 
>= 3°637, + 4-1° in acetone for c = 3°897, and + 6-5° in methyl 
ulcohol for c = 4-221). 

| Trimethyl methylglucoside iodohydrin was converted into the 
sorresponding nitro-compound by heating with dry silver nitrite 
wt 100° for 2 days. After distillation under diminished pressure > 
she nitro-derivative was isolated in the form of the sodium salt 
oy the addition of the calculated amount of sodium methoxide 
lissolved in methyl alcohol. On removal of the solvent, the 
salt was dissolved in dilute sulphuric acid, and the solution extracted 
with ether. After being washed with sodium thiosulphate solution 
#0 remove a trace of iodine, the ethereal layer was dried and evapor- 
uted, and the mononitro-trimethylglucoside isolated by distillation 
us a colourless syrup (np 1:4603). Beyond checking the methoxyl 
sontent (Found: OMe, 46-4. Calc., OMe, 46-7 %), the compound 
was not fully analysed, as it was prepared solely for the purpose 
af carrying out the colour test with sodium nitrite and dilute 
sulphuric acid. This treatment gave a bright red solution, free 
Tom any shade of blue and, whilst the colour was not so intense 
ar so lasting as that obtained under parallel conditions with nitro- 
nethane, the result was characteristically positive. 


_ The thanks of the authors are due to the Carnegie Trust for a 
fellowship which has enabled one of them to take part in the 
vork, 
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CCCLXXV.—Glycerol Glucoside. 
By HELEN Simpson GILCHRIST and CiirrorD BurrouGH PuRvEs. 


‘EW condensation reactions between reducing sugars and poly- 
tydric compounds of simple type have been studied, possibly owing 
© the difficulty of producing such compounds and of purifying 
hem when formed. As, in the case of glucose and glycerol, con- 
lensation leads to a type of compound which may be regarded as 
imalogous to a carbohydrate fat and is of physiological interest, 
ve have taken up the investigation of this subject. 

Glycerol glucoside, which was originally described by Fischer 
Ber., 1894, 27, 2483), has now been obtained on the large scale 
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by an improved process. The older method, involving as it does 
the saturation of a glycerol solution of glucose with hydroger 
chloride, is tedious, but the same compound is more readily obtained 
by limiting the acid concentration to 0-25% and heating at 100° 
The product in each case is a syrup possessing the properties of ¢ 
glucoside, but no information bearing on the composition or struc, 
ture of the compound has hitherto been available, and it was 
unknown to which type the glucose residue belongs or to whicl 
part of the glycerol molecule it is attached. These questions have 
been solved by methylation, which yielded hexamethyl glycero 
glucoside as a colourless, volatile liquid, b. p. 190—192°/12 mm 
Hydrolysis thereafter yielded 2:3:5:6-tetramethyl glucose 


Fie. li 


3 Grams of glucose dissolved in 80 c.c. of glycerol. 


o- 


Observed rotation. 


0° 
3 6 9 12 15 18 21 
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together with a dimethyl glycerol which was shown to be «§-di 
methoxy-y-hydroxypropane. From these results, the constitutio1 
of the parent glucoside is established to be: 


CH,(OH)-CH(OH tive eie 
A IN qa 

The compound, as prepared, is a mixture of «- and ®-forms am 
the optical values determined on hydrolysing the methylate 
derivatives show that glycerol y-glucosides were present only 
small amount, the limits in different preparations being 1:95 ant 
0:93%. The research was accordingly extended by varying th 
conditions of condensation, the changes in rotation which tak 
place when glucose is dissolved in glycerol containing hydrogel 
chloride being utilised to study the reaction. The concentration 0 
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the sugar in no case exceeded 6% by weight of the glycerol employed 
ad solutions containing more than 3° by weight of the acid were 
ot examined. ‘These limitations were found to be necessary, as, 
when exceeded, the high viscosity or the depth of colour resulting 
made polarimetric observations uncertain. For the same reason 
the experiments were carried out at room temperature. 

In Fig. 1 the rotations observed for the condensation of glucose 
ith glycerol are plotted against time. An unexpected feature, 
which comes to light, is that the minimum rotation does not appear 


Hr, 


Solutions contain 80 c.c. of glycerol and 1°5 grams of hydrogen chloride. 
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to depend on the amount of hydrogen chloride present. The 
reaction product in each case was the glycerol glucoside described 
above, as shown by the identical behaviour on methylation and 
subsequent hydrolysis. It was also found that on long standing 
the optical activity of an acid solution of glucose in glycerol reverts 
approximately to its original value, apparently owing to the con- 
densation being reversed as a result of secondary reactions between 
the solvent and the acid. The slow speed of the condensation led 
to the investigation being extended to cases where glucose and 
fructose were dissolved in acid glycerol with the view of ascertaining 


if, under these conditions, the two sugars combined in whole or in. 
% VOL. CXXVII. 4¥ 
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part. In this connexion it was necessary to perform a series oi 
control experiments with solutions in glycerol of fructose alone, 
In A (Fig. 2) the specific rotation of fructose dissolved in glycerol 
containing 1:5°%% of anhydrous hydrogen chloride is plotted against 
time; the behaviour of glucose under the same conditions is shown 
in B (Fig. 1), while in C the ordinates are the algebraic mean ol 
the corresponding ordinates in A and B. The latter curve predicts 
the behaviour of solutions containing both glucose and fructose, 
assuming that the sugars do not react with each other, and the 
actual experimental observations are summarised in D. The 
values obtained tend to be more levorotatory than the calculated 
values, and this was general for all concentrations of the acid reagent 
employed. Eventually it was found that this discrepancy was due 
to the varying quantities of water formed by the condensation ol 
the sugars with the solvent and to the effect this produced in the 
optical activity of fructose solutions. E records the observations 
- made on a solution of fructose in glycerol which had not beer 
rendered anhydrous, whilst in the experiment represented by F 
the amount of water has been reduced by restricting the tota 
concentration of sugars present in the solution to 3%. The close 
agreement of F with C indicates that, under the experimenta 
conditions outlined, the behaviour of glucose is not affected bj 
the presence of fructose. This conclusion was supported by the 
results obtained from an estimation of the reducing power of the 
above systems. For concentrations of the sugars up to 3% by 
weight, the percentage loss in reducing power was found to b¢ 
independent of the concentration. It therefore follows that, in ¢ 
solution containing both sugars, condensation of one sugar witl 
the other will cause the total reducing power of the mixture to be 
less than the sum of the reducing powers of the individual sugars 
No such diminution was recorded, although the degree of accurac} 
was such that condensation even to the extent of 5% would havi 
been readily detected. Taking the combined results into con 
sideration, it is unlikely that glucose or fructose can combine J 
hydroxylic solvents or that reactions involving the condensatiol 
of glucose and glycerol play a part in natural processes. 

As already indicated, it has proved necessary for the purposes 0 
the research to ascertain which isomeric form of dimethyl glycero 
is produced when hexamethyl glycerol glucoside is hydrolysed, anc 
i+ became evident that the complete series of methylated glycerol 
should be standardised in view of future work in natural glycerides 
The processes developed in this laboratory for determining th 
constitution of carbohydrates are equally applicable to the .struc 
tural problems of the natural fats, including the mixed glycerides 
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Methylation of partly hydrolysed fats followed by hydrolysis should 
give partly methylated glycerols the constitution of which would 
lead directly to that of the parent compound. As «-methyl glycerol 
has already been fully described (J., 1915, 107, 337), this compound 
has not been re-examined, but we have prepared «f-dimethyl 
glycerol by the action of sodium methoxide on allyl alcohol dibromide 
and determined the constants of the pure liquid. In order further 
to characterise the compound, it has been used as a solvent in 
which the specific rotation of active solutes was determined. As 
an additional method of identifying the ether it was converted 
into y-benzoyl-«8-dimethyl glycerol and «8-dimethyl glycerol 
malate, of which the constants were determined. Attempts to 
prepare ay-dimethyl glycerol led to a confusing result. According 
to Smith (Z. physikal. Chem., 1918, 92, 717), the product of the 
action of hydrochloric acid on epichlorohydrin contains nothing 
but the pure «y-compound. The «y-dichlorohydrin prepared by 
this method gave, however, on treatment with sodium methoxide, 
a dimethyl glycerol which in all respects was identical with the 
af-dimethyl glycerol described above. The identity was apparent, 
not only in the ethers, but also in the benzoates and malates pre- 
pared from them. Advantage was taken of the fact referred to 
above that liquid isomerides may frequently be distinguished by 
the effect they produce on the rotation of active compounds dis- 
‘solved i in them. In this respect also no distinction could be made 
‘between the compounds. 


Comparison of Dimethyl Glycerols. 


, 
I 


Ny Of Lali or 

! a. 1, 7. benzoate. malate. 
‘af- Dimethyl glycerol ... 69-5—70:5°/15 mm. 1-4219 1-5075 —10-48° 
Presumed  ay- -dimethyl 

EEVOREOL ) ip csnsacscs vices 70-5—71:5°/18 mm. = 1-4219 1-5075 — 10-60 
| 

Solvent. Solute. [ales 
aB-Dimethyl] glycerol Ethyl tartrate + 11-22° 

* ihe 2”? 2”? 9 ”? + 11:19 

aB- a i Nicotine — 152-94 

i ay- 29 2” 99 — 153-44 


Comparison of the above data leaves no doubt that the com- 
pounds are identical and not isomeric. It has-not yet been ascer- 
tained whether, in this instance, the action of sodium methoxide 
Gauses migration of the methyl groups, but the following result 
Suggests that Smith’s «y-dichlorohydrin is interchangeable with the 
a8-isomeride. It was expected that 8-monomethyl glycerol could 
be obtained from wy-dichlorohydrin, which when subjected to 
Methylation by the silver oxide reaction yielded a monomethyl 
@eblorobydrin. In such a compound, the halogen atoms would 
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presumably occupy the wy-positions, but on heating with an aqueous 
alcoholic solution of potassium acetate followed by hydrolysis of 
the acetyl groups the «-monomethyl glycerol described by Irvine 
and Macdonald (loc. cit.) was obtained. The result is comparable 
with that recorded by Fischer (Ber., 1920, 53, 1625), who, starting 
from y-iodo-«$-distearyl glycerol, replaced halogen successively 
by acetyl and hydroxyl and obtained, not «6-distearyl glycerol, 
but the oy-isomeride. 

Trimethyl glycerol was prepared by the continued action of 
methyl sulphate in alkaline solution on glycerol at 70°. The 
product formed a constant-boiling mixture with water which 
distilled at 92°, whilst the distillate formed a homogeneous system 
with ether. The pure compound was a mobile liquid, b. p. 148°/ 
765-4 mm., Np = 1:-4069. Ethyl tartrate dissolved in. trimethyl 
glycerol gave [«]p = + 5-99°. 


EXPERIMENTAL. 


Preparation of Glycerol Glucoside.—A 5% solution of 20 g. of 
glucose in anhydrous glycerol containing 0-25°% of dry hydrogen 
chloride was heated in a sealed tube at 100° until it no longer 
reduced Fehling’s solution. The product, isolated on the lines 
described by Fischer (loc. cit.), was a thick syrup containing barium 
chloride and glycerol. The glucoside was extracted with absolute 
alcohol and purified by precipitation with ether, but this effected 
only partial separation of the impurities and the composition was 
determined through the methylated derivative. | 

Methylation of Glycerol Glucoside—Only one typical experiment: 
need be described. The syrup (16 g.) was methylated by the 
gradual addition of 72 g. of methyl sulphate and 55 g. of sodium 
hydroxide in 40% solution. The unchanged glycerol was thus 
converted into trimethyl glycerol, which volatilised during the 
final heating to 100°. The product (11 g.) was remethylated twice 
by means of the silver oxide reaction; the refractive index was 
then constant and on distillation a clear, colourless, mobile liquid 
was obtained, b. p. 190—192°/12 mm., np = 14497 (Found: C, 
53-1; H, 8-9. Hexamethyl glycerol plucosides C1 HO, requires 
C; 153: 25; H, 8:9%). With this compound, as with many other 
derivatives of glycerol, analysis by the ordinary combustion process” 
gave variable results. The ‘‘ wet’’ process of Simonis and Thies 
(Chem. Zig., 1912, 97, 917) gave, however, satisfactory values | 
carbon. 

Hydrolysis of Hexamethyl Glycerol Glucoside—A 7% solution off | 
the glucoside in 8% aqueous hydrochloric acid was hydrolysed by 
heating at 100° for 45 minutes, the course of the reaction being ‘ 


: 
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followed polarimetrically. After neutralisation with barium 
carbonate, the product was extracted with chloroform and, on 
distillation of the solvent, crystalline tetramethyl glucose was 
obtained (yield 65%). After one recrystallisation from light 
petroleum, the melting point was 88° and a mixed melting point 
with tetramethyl glucose showed no depression. Evaporation of 
the light petroleum mother-liquors gave a solid the optical values 
of which were determined. In one preparation [«]p = + 75-65°, 
These results show that the corresponding glycerol y-glucosides 
may be present to an extent varying between 0-93 and Loves 
In order to isolate the methylated glycerol formed during hydrolysis, 
the aqueous layer was concentrated by distillation through an 
efficient column. The concentrated solution was extracted with 
ether and on evaporation of the solvent gave «$-dimethyl glycerol 
as a colourless, mobile liquid showing the correct physical constants 
for this compound. 

Polarimetric Hxamination of the Condensation of Glucose with 
Glycerol—The glycerol used was redistilled under diminished 
pressure, and the finely powdered glucose kept for some days in 
an evacuated desiccator over sulphuric acid. The sugar (3 g.) 
was dissolved in glycerol by heating at 90° for 2 hours, the solution 
when cold showing a specific rotation of 52-3° and a reducing power 
equivalent to the glucose it contained. Dry hydrogen chloride 
was drawn into the solution until the necessary increase of weight 
was obtained (8—10 minutes), and a further 15—20 minutes elapsed 
before the turbidity of the liquid had decreased sufficiently to 
make possible even a rough determination of its optical rotation. 
The following typical results are recorded, the complete figures 
being embodied in the curves shown in the introduction. 


Observed rotations: 1 = 1, = 15°. Cone. of glucose, Shy A 
mHol1%. HCl1-5%. HCl BGs Qe) C2 so HEL 25390. YHCL3a% 
a ——— ——; —_——, —_—_— == aes aE. 


lars, a. Hrs. a. Hrs. a. a. 
| ee yer 1-95° 0 1:95° 0 1:95° 0 1:95?) 0 #105 
im. 1-7 Dee els ee eb ay 1S BG ee U2 2 LL Gu ey 
me 16 2-5 1 ay ane 1:3 3:75 095 2-5 1 1:75 0:8 
, ae: 34, 54 1:15 5 0-8 4 0-8 3 0-6 
126-5 1:0 5:5 10 69 09 6 OFS Win BB Os Rua 0-7 
48 0:75 75 O08 20 0-55 75 0-7 20 06 75 O7 
. 10 0-7 ab 8 Ss Gey ae OTe eo 0-7 
23 0-6 33-5 05 44 1-00... 28 0-65 
73-5 O8 653 1-1 
144 1-1 260 1-8 
400 1:8 


The reversion of the rotation to practically the initial value is clearly 
evident in the experiments with 2% and 2-53% HCl, while the 
Minimum specific rotation in all cases is about 15°. 


\\ 
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Condensation of Glucose with Glycerol in presence of Fructose.—The | 


optical behaviour of solutions containing glucose and fructose in 


acid glycerol was studied by methods similar to those described in 


detail in the case of glucose alone. Solutions containing equal — 


weights of both sugars dissolved in anhydrous glycerol possessed — 


initially a specific rotation of — 21° to — 22°, the corresponding 


value for the ketose alone being from — 96° to — 97°. Dry 
hydrogen chloride was then introduced as already described until — 


the acid concentration was 1:5%. 
C.c. of Fehling’s solution. 


———_—_——“.:.:. aes 
Initially. After 23 hours. 


10-3 G. of 3% glucose solution reduced ............ 60 21-5 
10:3G. ,, fructose solution reduced ......... 60 1-5. 
Sum of final reducing POWEIrS .....eseeeseceeesereeees 23 
10-6 G. of 3% glucose-3% fructose solution 

FOCUCOG, ic ib es tedevadonsoeha Gesaudceempeesienea ha nac nek as 120 22-6 
10-15 G. of 1:5% glucose solution reduced ...... 30 10-2 
10°15 G. He fructose solution reduced ...... 30 0:5 
Sum of final reducing POWeLS  .....-.seeeereeceeeeeeee 10-7 
10:3 G. of 15% glucose-1:5% fructose solution 

KOAUCSG pie e's'y ss'na sh dna disp coleme Uanipaelen ays somaya Rosin aes GO 10-3 


Observed Rotations : 1 = 1,¢ = 15°. 


In each case the sugars were dissolved in 100 g. or 80 c.c. of 


glycerol. 
No. 1. Fructose 3%, HCl 1-5%. 
Hours 0 1-25 2 3:25 5:5 8-5 19 23 
a — 9-69). 14959". 1-29 — 1-89 1-59 ee 
[a], —96° —33:3° —32° —34:7° —40° —45-3° —58-7° —64° 
No. 2. Fructose 1:5%, HCl 1-59%. 
Hours 0 2-5 3°25 + 5:5 10 21 
a — 1:89 107°? = 0-65° — 0-65° — 0:79) = 0865 iaaee 
[a], —96° —37-3°? —34:7°. —34-7° —37-3° —4513° Oa 
No. 3. Glucose 3%, fructose 3%, HCl 15%. 
Hours 0 1 2 3 ae 6 8 22:5 
a — 16° -+Ve. — 0:2° 4 0-49 — 0-5° .— 1:49 Gee 
[aly ' —21-3° tye, 9) 20979) — 5-32 — 6-79) “1677 ae eee 
No. 4. Glucose 1:5%, fructose 1-59, HCl 1-5%. 
Hours 0 2 2-75 3°5 4-3 6 10 21:5 
a we! 0-82 > 0:99 +. Oe + 0-05°.. 0-0° ., — O25" —0-45° —0-85° 
fa]>  —21-3° + 56:3° + 2:67 +4-)1-3° 0-0° — 6:5° —12° —22-7° 


No. 5. Fructose 3%, HCl 15%, moisture. 


Hours 0 0-5 0:75 1:0 1-5 2 3 5 
a a 99.69 al ysget ) y9e a eeOe: — 0-8° 9 eee 16° 
[a]p — 96° —96-7°, —26-7° —26-7° —21-3° —29-3° —37:3° 429 
Hours 9 23 
a — 2-22 — 3-0° 
[a], —58-7° —80-0° 

Blackening. 
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a8-Dimethyl Gillycerol.—a8-Dibromohydrin was prepared by 
Michael and Norton’s method (Amer. Chem. J., 1880, 2, 18), 20 g. 
of allyl alcohol giving 51-4 g. of product, b. p. 110—112°/15 mm. 
To this were added 11 g. of sodium dissolved in methyl alcohol. 
Sodium bromide was immediately deposited. The reaction pro- 
ceeded slowly initially, but afterwards suddenly became very 
rapid, the methyl alcohol boiling vigorously. (It is possible to 
control the reaction if the solutions are dilute and the mixture is 
kept initially in ice-cold water for several hours. Completion of 
the reaction is ensured by heating for a considerable time, as other- 
wise it is extremely difficult to remove the last traces of bromine.) 
After neutralisation with carbon dioxide, the dimethyl glycerol was 
extracted with ether and distilled as a clear, colourless liquid, 
b. p. 69:-5—70-5°/15 mm., mp 1:-4219, di = 1-016 [Ri] 30-02. 
Dimethyl glycerol, C;H,.0,, requires [Rz]p 30:10 (Found: C, 


49-4; H, 9-8. C,;H,.0, requires C, 50:0; H, 10-0%). [a]? of 


ethyl tartrate and nicotine in «f-dimethyl glycerol as solvent = 


+ 11-22° (¢ = 13-37) and — 152-94° (c = 13-46), respectively. 
y-Benzoyl «8-Dimethyl Glycerol.—The benzoate was prepared by 
the standard method. Dimethyl glycerol (3-6 g.; 1 mol.) was acted 
on by 7:5 g. of benzoyl chloride (1:67 mols.) and 2-9 g. of sodium 
hydroxide (2-5 mols.) in 10% solution at + 5° to — 5°. The 
product, isolated by extraction with ether, was a fairly mobile oil, 


b. p. 162°/12 mm., mp 1-5075 (Found : benzoic acid, 50-0. Benzoyl 


dimethyl glycerol, C,,.H,,0,, requires benzoic acid, 54:5%). 

a8-Dimethyl Glycerol Malate.—Malic acid (4 g.; 0-6 g. in excess 
of 1 mol.) was esterified with 6 g. of dimethyl glycerol in presence 
of gaseous hydrogen chloride at room temperature. The product 
was poured into a large quantity of water, neutralised with barium 
carbonate, filtered, and the filtrate extracted with ether for several 
hours. The ethereal solution was dried, the solvent evaporated, 
and the residue distilled (yield 5-6 g.). The ester, b. p. 200°/0-5 mm., 
is a viscous oil, insoluble in water or alcohol but readily dissolved 
by chloroform. [«]}° in chloroform = — 10-60° (c = 9:05). 

Attempted Preparation of wy-Dimethyl Glycerol.—ay-Dichloro- 
hydrin was obtained in the manner described by Smith (loc. cit.), 
b. p. 175-5—176°/733 mm., np = 1-4827, whilst the treatment with 
sodium methoxide was carried out as in the case of the «f-isomeride. 
The identity of the product with «-dimethyl glycerol is referred 
to in the introduction. 

8-Monomethyl wy-Dichlorohydrin.—«xy-Dichlorohydrin (11:3 g.; 
1” mol.) was dissolved in 56-8 g. of methyl iodide (4 mols.) and 
methylated in the usual manner by the addition of 46-4 g. of silver 
oxide (2 mols.). The reaction, which was spontaneous, was 


*. 


a 
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continued by warming on a water-bath under a reflux condenser for 
8 hours, an additional 10 c.c. of methyl iodide being added when 
the mixture became pasty. Ether was used as the extracting” 
agent. The product was a clear, colourless liquid (11 g.), b. p. 
58°/14 mm., 2p 1-4560 (Found: Cl, 49-7. Monomethyl dichloro- 
hydrin, C,H,OCl,, requires Cl, 49-65%). a 
Attempted Preparation of B-Monomethyl Glycerol.—®-Monomethyl — 
wy-dichlorohydrin (18-3 g.; 1 mol.) was heated in 36 c.c. of an — 
aqueous alcoholic solution of 29 g. of potassium acetate (2 mols.5 
and 15%, excess) in a sealed tube at 120—140° for 12 hours. The 
potassium chloride that separated was removed, the filtrate evapor- — 
ated to dryness, and the residue extracted with ether. On distil- . 
lation of the ether, monomethyl glycerol diacetate remained. 
This was hydrolysed by boiling with barium hydroxide solution — 
for an hour, neutralising with carbon dioxide, and taking to dryness. 
Ms 


The monomethyl glycerol was extracted with chloroform and dis- 
tilled. The product undissolved by ether was also extracted with 
chloroform and yielded a further quantity of monomethyl glycerol 
which had been produced by hydrolysis during the heating process, — 
The monomethyl glycerol obtained was the «-, and not the B-,— 
form; b. p. 110—112°/11 mm., mp 1-4462 (Found: C, 45-2; H, 9-4, 
C,H, 90, requires C, 45-3; H, 9:4%). ; 
Trimethyl Glycerol.—The methyl sulphate reaction was the most 
satisfactory in the case of glycerol and one typical preparation is” 
described. To 20 g. of glycerol (1 mol.) were added, drop by drop, 
186 c.c. of methyl sulphate (4:5 mols.) and 186-7 g. of sodium 
hydroxide in 40% solution. At first the usual method of procedure 
was adopted, the methylating reagents being allowed to react with 
the glycerol at 60—70°, the excess of methyl sulphate being destroyed 
by heating to 100°. Under these conditions, however, the yield 
of methylated glycerol was very small. Afterwards the reaction 
was carried out in a flask provided with a mercury seal and attached 
to a condenser; trimethyl glycerol and water then formed a volatile. 
mixture which boiled vigorously during the final heating at 100°. 
The following process was therefore adopted: After destruction 
of the excess of methyl sulphate the mixture was heated in a brine 
bath: a mixture of water and trimethyl glycerol distilled steadily 
at 92°. This was saturated with sodium chloride and extracted 
with ether. On drying the ethereal solution with calcium chloride 
a large aqueous layer separated, showing that ether, water, and 
trimethyl glycerol form a homogeneous system. The ethereal 
layer was separated from the calcium chloride solution, dried over 
solid caustic soda, and finally over sodium wire. This treatment 
has the added advantage of eliminating traces of partly substituted 
if: 


oa 
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glycerols. Pure trimethyl glycerol was thus obtained as a mobile, 
refractive liquid, b. p. 148°/765-4 mm., ni" 1-4069, di}? 0-9401, 
[Rr}]p 35:06. Trimethyl glycerol, C,H,,0,, requires [Ri]p 34-84 
(Found: C, 53-3; H,10-2. C,H,,0, requires C, 53-7; H, 10-45%). 
Great difficulty was experienced in the analysis of the methylated 
glycerols and, although many variations of the usual combustion 
process have been employed, the results obtained are not yet entirely 
satisfactory. The figures are, however, sufficiently close to the 
calculated values to show that each of the compounds possesses 
the composition ascribed to it. Determination of the methoxyl 
content by Zeisel’s method leads, as has already been pointed out 
in the case of the «-monomethyl ether (Irvine and Macdonald, loc. 
cit.), to the formation of isopropyl iodide in varying amount and 
therefore cannot be regarded as an accurate analytical factor. For 
purposes of comparison, the rotatory power of ethyl tartrate in 
trimethyl glycerol was ascertained. [a]? = 5-99 (c = 13°36). 


The authors desire to acknowledge their indebtedness to the 
Food Investigation Board and to the Carnegie Trust for the facilities 
provided during the foregoing research. They also take this 
opportunity of expressing their gratitude to Principal Sir James C. 
Irvine, C.B.E., F.R.S., for the invaluable help which he has given. 


THE UNIVERSITY, St. ANDREWS. [ Received, October 8th, 1925.] 
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Sulphonation of 4-Chlorophenol. By Joun MupRED GAUNTLETT 
and SAMUEL SMILES. 


Tue structure of the acid obtained by sulphonating 4-chlorophenol 
was determined in the following manner. 4-Aminoanisole-2- 
sulphonic acid (Bauer, Ber., 1909, 42, 2110) was converted into 
4-chloroanisole-2-sulphonic acid. The chloride of this acid was 
identical with that obtained by treating 4-chloroanisole with cold 
chlorosulphonic acid. The same sulphonic acid was obtained by 
-methylating the product from the interaction of 4-chlorophenol 
with warm fuming sulphuric acid (20% SOs). 

Sodium 4-chloroanisole-2-sulphonate, MeO-C,H,Cl‘SO,Na, separates 
from hot water in prisms containing 2H,O, which are lost at 120° 
(Found: Cl, 14:7; S, 13-2; Na, 9-4. C,H,O,CISNa requires 
Cl, 14:5; §, 13:1; Na, 9:4%). 4-Chloroanisole-2-sulphonyl chloride, 
MeO-C,H,Cl‘SO,Cl, melts at 104° (Found: Cl, aie 13-8. 
i Ve oy 
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C,H,0,Cl,8 requires Cl, 29-4; 8, 13-3%), and the corresponding — 
amide at 154°. 4-Chloroanisole-2-sulphinic acid, MeO-C,H,Cl-SO,H, ~ 
prepared from the chloride and aqueous sodium sulphite, has m. p. — 
116° (Found: ©, 40:8; H, 3-5. C,H,O,CIS requires 0, 40-7; | 
H, 3-4%). 4-Chloroanisole-2-methylsulphone, MeO-C,H,Cl‘SO,Me, | 
prepared from the sodium sulphinate and methyl sulphate, separates : 
from hot water in plates, m. p. 94° (Found: C, 43-5; H, 4:1. — 
C,H,0,CIS requires C, 43:5; H, 4:1%). 4-Chloroanisole-2-di- — 
sulphoxide, (MeO-C,H,Cl),8,0,, was obtained from the sulphiniec ( 
acid and dilute hydriodic acid, m. p. 124—125° (Found: C, 44:0; — 
H, 3:3. C,,H,,0,Cl,S8, requires C, 44:3; H, 3:2%). 4-Chloro-— 
anisole-2-mercaptan, MeO-C,H,Cl-‘SH, obtained from the sulphonic 
chloride by reduction with tin and hydrochloric acid, formed small 
plates from alcohol, m. p. 42°, which are volatile with steam (Found : — 
C, 48-4; H, 4:0. C,H,OCIS requires C, 48-1; H, 40%). 4-Chloro- — 
anisole 2-disulphide, (MeO-C,H,Cl),8,, formed colourless needles 
from alcohol, m. p. 105° (Found: C, 48-3; H, 3-4. C,,H,,0,CL8, — 
requires CO, 48-4; H, 3-4%).—Kine’s CoLLEecE, Lonpon. [Received, — 
October 3rd, 1925.] | 


2.m-Xylidino-5-ethoxy-4 : 5-dihydrothiazole. By VisHvanaTH 
Krisona NimKAR and FRANK LEE PYMAN. 


Marckwawp (Ber., 1892, 25, 2355) states that acetalyl-m-xylyl- — 
thiocarbamide yields on treatment with strong sulphuric acid a 
base, C,H 90,N.S, m. p. 94—95°, giving a picrate, 
C,,;H,,0ON,S,C,H,0-Ng, : 
m.p.143—144°. Burtles, Pyman, and Roylance (this vol., p.581) con- | 
firmed the composition of the picrate, for which they found the m. p. 
142—143° (corr.), but did not obtain the base in a crystalline state. _ 
They expressed the opinion that if Marckwald’s analyses were correct _ 
the base contained a molecule of water of crystallisation. After 
several months, the base regenerated from the picrate isolated by _ 
Burtles, Pyman, and Roylance became crystalline and separated 
from alcohol in large prisms, m. p. 102—103° (corr.), which were 
anhydrous (Found: OC, 62-6, 62:4; H, 7:0, 7:3; N, 11:3. | 
C,3H,,ON,S requires C, 62-4; H, 7-2; N, 11-2%). The base has, 
therefore, the expected composition, C,,H,,ON,S, and is doubtless — 
2-m-xylidino-5-ethoxy-4 : 5-dihydrothiazole. The picrate prepared 
from the pure base had m. p. 152—154° (corr.) (Found: C, 47:5; _ 
H, 4:4. Calc., C, 47-6; H, 4-4%), and it thus appears that neither | 
base nor picrate had been obtained previously in a pure state.— | 
MuNICIPAL COLLEGE OF TECHNOLOGY, UNIVERSITY OF MANCHESTER, © 
[ Received, September 30th, 1925.] | 
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COCLXXVI.—The Heat of Combustion of Salicylic 
Acid, 


By ENpDRE Berner. 


Benzotc acid, naphthalene, and sucrose are the substances generally 
used for the determination of the heat capacity of a bomb calori- 
meter. A number of recent excellent investigations have shown, 
however, that only benzoic acid fulfils the requirements of a calori- 
metric standard. This acid, therefore, has been accepted as the 
sole standard substance for calorimetric work ; its heat of combustion 
has been fixed at 6324 calories (15°) per gram weighed in air or 6319 
calories (15°) per gram (vac.) (‘ Comptes Rendus de la Troisiéme 
Conférence Internationale de la Chimie,” Lyon, 1922, p. 54). 

International acceptance of one or more other substances as 
secondary standards is highly desirable, because the use of a single 
substance involves a certain risk of introducing an error in the 
value of the heat capacity of a calorimeter. 

Verkade and Coops (Rec. trav. chim., 1924, 43, 561) recently 
proposed salicylic acid as a secondary standard substance. They 
determined its heat of combustion and tested its applicability as a 
thermochemical standard, but, unfortunately, they failed to take 
the precautions necessary to secure the utmost purity of their 
samples. ‘ 

The author has now determined the heat of combustion of the 
pure acid. Three different preparations of salicylic acid (Merck, 
Kahibaum, and von Heyden) were separately purified, partly by 
crystallisation from different solvents and partly by sublimation in 
a vacuum, until the heats of combustion of the products were 
constant; the values obtained, 5233°8, 5233°8, and 5233-9 cal. 
(15°) per gram (vac.), were identical within the limits of experimental 
error. 

From the results of twenty experiments made with these samples, 
the mean value 5233-8 cal. (15)° per gram (vac.) was found for the 
heat of combustion of salicylic acid at constant volume. To this 
sorresponds the value 5237-4 cal. (15°) per gram weighed in air 
wgainst brass weights. The ratio of the heats of combustion of 
enzoic acid and salicylic acid is 6319/5233-8 = 1:2078 (vac.). 

Verkade and Coops (Joc. cit., p. 571) found a slightly higher value 
or the heat of combustion of salicylic acid, viz., 5238 cal. (15°) per 
ram (vac.), and consequently the ratio 1:2066. The discrepancy 
nay be due to an error in the heat capacities of the calorimeters or 
0 a difference in purity of the acids. The first explanation is highly 
mprobable, because both Verkade and Coops and the author used 
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benzoic acid from the Bureau of Standards, Washington, for the . 
calibration of their calorimeters and obtained almost the same ; 
value [V. and C., 5238-1; B., 5237-1 cal. (15°) per gram (vac.)]| for © 
the heat of combustion of Merck’s salicylic acid (“* Praparate von j 
bestimmter Verbrennungswirme”’). Verkade and Coops used — 
salicylic acid from four different sources. Because the heats of : 
combustion of those preparations all agreed and one of them— — 
Merck’s—gave the same value after a single recrystallisation from 
ether, the authors contend that their preparations were ~ absolutely — 
pure.” These facts, however, are of no practical value as proofs — 
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of the purity of their preparations. | 
The combustion of salicylic acid (about 0-80 g.) in oxygen at a | 
pressure of 35, 30, or 25 atmospheres is complete ; neither carbon — 
monoxide nor the slightest trace of soot nor any smell due to products 
of incomplete combustion can be detected. Moreover, the acid is” 
neither hygroscopic nor volatile and is easily pressed into pellets — 
which ignite readily. It should therefore be particularly suitable 
as a standard substance for calorimetric work. : 


ExPERIMENTAL. 


Detailed descriptions of the calorimeter, the method and the 
experimental results will be published elsewhere. 

The calorimeter was of the form recommended by the Bureau of 
Standards, Washington (Bull., 1915, 11, 189). | 

The calorimetric bomb had a thick fixed gold lining and a capacity 
of about 300 c.c. , 

Temperature measurements were made with a platinum resistance 
thermometer. The resistance was measured by Koblrausch’s 
method (‘‘ uebergreifende Nebenschliisse ”’) as used by Jaeger and 
von Steinwehr (Ann. Physik, 1906, 21, 23) and by Fischer and Wrede 
(Sitzungsber. Preuss. Akad. Wiss. Berlin, 1908, 5, 129). | 

The cooling correction, wu’, was calculated from the formula 

u' = afi (wv — Ug)dt, 

in which a is the constant of the calorimeter, w its temperature, 
uy the convergence temperature, and t, and t,, respectively, the 
time at the beginning and the end of the main period. The 
numerical value of the integral was in every case determined 
graphically. In some cases, the cooling correction was also 
computed by the practical method developed by Dickinson of the 
Bureau of Standards (loc. cit., p. 229). This method gave practically 
the same values as those obtained by the complete computation 
and therefore may be used even in work of high precision. 

The total rise of temperature during a combustion was about 
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1°. The temperature of the jacket was always regulated so that the 
cooling correction amounted to 2—3 parts in 1000. 

The oxygen was prepared from liquid air; it contained very little 
nitrogen—the correction for nitric acid was 0:5—0-7 cal.—and no 
combustible impurities. Oxygen from the same source was used 
for the calibration of the calorimeter and for the combustion of the 
salicylic acid. | 

Ignition of the substance was effected electrically by means of 


a very thin platinum wire; the heat developed by the current was 


about 0-8 cal. If the wire had been merely pressed into the pellet, 
ignition sometimes failed to occur. A part of the wire was there- 
fore covered with 0:-5—1-5 mg. of benzoic acid by dipping it in the 
molten acid and placed close against the top of the pellet; under 
these conditions ignition never failed to take place. 

Heat Capacity of the Calorimeter.—This was determined by the 
combustion of two samples of benzoic acid, (a) a standard sample 
(39b) obtained from the Bureau of Standards, Washington, and 
(6) a sample (517) purified as follows - Benzoic acid (Kahlbaum’s 
“ Priparate fiir kalorimetrische Bestimmungen ”’) was distilled 
twice at a pressure of 10 mm. of Hg, crystallised twice from benzene 
and once from carbon disulphide, finely powdered, and dried for 3 
days in a vacuum over phosphorus pentoxide. 

With 3700 g. of water in the calorimeter vessel, 1 g. of water in the 
bomb, and an oxygen pressure of 30 atmospheres, the heat capacity 
was found to be 4066-3 calories (15°) at a mean temperature of 
18°. To this value must be added a small correction for the differ- 
ence in heat capacity of the products of combustion and the oxygen 
necessary for the combustion. In some recent experiments, the 
variation of the heat capacity with temperature was determined 
directly ; the heat capacity decreased by about 1 cal. for an increase 
of 1° at 18°. If the mean temperature during an experiment 
differed from 18°, a correction for the divergence was applied. 

Purification of the Salicylic Acid.—1. Merck’s salicylic acid 
(* Praparate von bestimmter Verbrennungswirme ’’) was finely 
powdered and dried for 3 days in the way described above (sample 
571). 

The same preparation was crystallised twice from water and once 
from chloroform, powdered, and dried for 3 days (sample 571 IIa). 
It was then dried for 6 days (sample 571 IIb), and sublimed in a 
vacuum (sample 571 III). 

2. Salicylic acid (Kahlbaum D.A.B.5) was crystallised once from 
water sublimed in a vacuum, crystallised once from chloroform, 
powdered and dried for 3 days (sample 572 Til). This sample 
was then crystallised once from water, once from benzene, and 
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once from chloroform, powdered, and dried for 3 days (sample — 
572 IV). | ; 
3. Salicylic acid (von Heyden’s “ Acidum Salicylicum volum. — 
puriss.””) was crystallised twice from water and once from chloro- 
form and dried for 3 days (sample 573 It). This sample was 
crystallised once from water, once from chloroform, and dried for — 
3 days (sample 573 If). el 
TABLE I. yg 

Benzoic Acid. j 


== pressure of oxygen in atms.; h = heat capacity, in cal. (15°), of the 
calorimeter at 18° and 30 atms. of oxygen; d = deviation from the mean 
heat capacity in parts per 10,000. 


Sample. p. hi d. Sample. p. jis d. 
39b 30 4066-7 +1-0 517 40 4066-6 +0:°7 
vs 3 4065-6 —1-7 fs 30 4065-8 —1-2 
fy a 4066-7 +1-0 a i: 4066-6 +0-7 
by 35 4065-2 —2°7 We vs 4066-2 —Q-2 
517 30 4066-9 +1:5 4 hy 4066-9 +1:5 
Mean 4066°3 
TABLE II. 
Salicylic Acid. 


» = Pressure of oxygen = 35 atms.; ¢ = mean temperature; Q = heat 
of combustion per gram (vac.) in cal (15°); D = deviation from mean heat 
of combustion in parts per 10,000. 


Salicylic acid (Merck). Salicylic acid (von Heyden), purified. 
Sample. ie Q. a Sample. Te Q. D. 
571 18:0° 5237-3 +0:4 573 IL 18:8° 52343 +0:8 
we 18:3 5237-3 +0-4 si 17-9 5233-1 —1-5 
ht 18-0 5236-4 —1:3 573 III 18-0 6234-4 +1-0 
es 18-1 523770 —0:2 i 17-9 5234:7 +1:5 
hy 18-1 5237-3 +0-4 a 18-0 5233-2 —1:3 
Mean 5237-1 Mean 5233-9 
Salicylic acid (Merck), purified. Salicylic acid (Kahlbaum), purified. 
571 Ila 181° 5234-6 +1:5 572 TIL +18-2° 6234-1 +0:6 
i 18:1 5233:3 —1-0 3 18-2 5233-3 —1-0.. 
571 1Ib 18-2 5233-3). ;—1-0 s 18-1 5234-1 +0:6 
ae 18-1 5233-9 +0-2 572 IV = 18-5 5233-7 —0-2 
eae 18-0 5232-9 —1-7 i: 18-5 5234-6 +155 
STL Es (18-1 5234-5 +1:3 aA 17-9 5233-0 —1:-5 
FA 18-0 5233°1 —1:3 4: 18-0 5233-7 —0-2 
ba 18-0 5234-4 +11 Mean 5233:8 
Mean 5233°8 
* » = 30 atms. + p = 25 atms. 
NorGces TEKNISKE HOISKOLE, 
TRONDHJEM, NORWAY. [Received, July 9th, 1925.] 
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CCCLXXVII.—Unstable States of Sclutions of Sodium 
Behenate. 


By Mary Evetyn Larna. 


PREVIOUS communications from this laboratory were devoted to 
describing the most stable forms of soap and its solutions. In the 
case of sodium behenate, it was incidentally noted that the type of 
solution obtained could be radically affected by suitable treatment. 
For example, on repeated rapid cooling, the behenate solutions 
could be obtained at room temperature for a short period as limpid, 
mobile liquids, whereas slow cooling produced the usual hard, white 
curd. Reheating the mobile liquid of a 0-2N,,-solution to about 90° 
produced a clear, stiff, isotropic jelly, which quick cooling once 
more temporarily rendered fluid. Some of the most interesting 
solutions could only be kept less than half an hour. 

The appearance and behaviour of these solutions and their 
transitory states have been quantitatively examined. 

The task was undertaken by a team of experienced investigators, 
who worked simultaneously on portions of solutions prepared by 
‘Mr. G. M. Langdon. He also made the macroscopic observations. 
The microscopic study was undertaken by Mr. S. E. Wiltshire, 
Miss M. E. Kieser carried out the H.M.F. experiments, Miss M. E. 
Laing the freezing-point determinations, Miss K. M. Hay the 
indicator tests, and Mr. W. C. Quick measured the conductivity. 

Sodium behenate solutions were made up in silver tubes by 
shaking the requisite quantities (Bunbury and Martin, J., 1914, 
105, 417) of standardised alkali with weighed quantities of behenic 
acid, m. p. 81-0—82-0°, kindly made for us by Messrs. J. C. Crosfield 
and Sons, Ltd., by the catalytic hydrogenation of Kahlbaum’s 
erucic acid. The homogeneous soaps were transferred to thick- 
walled glass tubes, which were sealed for optical investigation 
according to the method previously described (McBain and Langdon, 
this vol., p. 852). Parallel experiments were carried out with 
solutions made up in 1913 (McBain and Taylor, Z. physikal. Chem., 

1911, 76,179). The'strengths used were 0-01, 0-05, 0-1, 0-2, 0-5N,,, 
_t.e., mole per 1000 g. of water. The observations here recorded 
were repeated many times; e.g., a 0-1LNV,-solution was alternately 
heated and cooled twenty times under different conditions and the 
results were reproducible, the only effect that varied being the 
number of “ flocks” appearing in the mobile liquid. 

The stable forms of the behenate solutions at room temperature, 

with the exception of 0-01N,,,, were solid, white, moist curds. Curd 
_ formation, however, could be suspended by special heat treatment, 
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as was well illustrated by the behaviour of a 0-05N,,-solution. On 
being heated to about 88°, the curded 0-05N,,-solution melted to a 
fairly mobile, milky liquid containing a few white flakes. If this 
solution were allowed to cool slowly, more flakes separated and the 
whole gradually became a network of curd; the transformation from 
Brownian particles in movement to short and then long fibres could 
be observed under the ultramicroscope. Photographs of such 
gradual transitions have been published elsewhere (McBain, Darke, 
and Salmon, Proc. Roy. Soc., 1921, A, 98, 395; Bogue, ‘* Colloidal 
Behaviour,” Vol. I, pp. 410—429 ; Nature, 1921, 107, 45; Alexander, 
“ Colloid Chemistry, Theoretical and Applied,” Vol. I, 1925). 

On cooling rapidly, the white flakes, which formed at about 715°, 
rose to the surface, leaving a clear lower layer. On heating to 90", 
these flakes melted and the system consisted of two clear layers. As 
the tube cooled again, curding took place in two stages, the upper 
layer solidifying at 75° and the clear lower layer after some hours at 
room temperature. 

The quantitative investigation had to be carried out as quickly 
as possible, before the homogeneous, mobile liquid produced by 
rapid cooling set to a mass of curd fibres. 

The hydroxyl-ion concentration of the 0:05N,-solution at 18° was 
found by #.M.F. measurements with the hydrogen electrode to 
be 0-007N,, during the first hour, but this value declined to 0:0008N,, 
when the clear liquid had solidified to form white curd. The con- 
centration of hydroxyl ions in the mobile liquid was shown by the 
indicator method, using alizarin yellow G and Sérensen’s buflers, to 
be 0:007N,, at 90° and slightly higher at room temperature. 

The clear 0-05N,,,-sodium behenate at 18°, therefore, is hydrolysed 
to the extent of 14% (= 0-007N,,-OH) and contains 0-021 N,,-acid 
soap expressed in terms of behenate, or 0-014N,,, in terms of 
sodium ; if this is formed, as in the case of the palmitate, according 
to the equation 3NaBe + H,O = NaOH + 2NaBe,HBe. Hence 42% 
of the total behenate radical is in the form of acid soap. This acid 
soap is colloidal and exerts no osmotic pressure (McBain, Taylor, 
and Laing, J., 1922, 121, 621). 

The osmotic data were obtained from depressions of the freezing 
point, determined by the usual Beckmann method, using inoculation ; 
at least four concordant readings were taken before a solution 
curded. The depression for the 0-05N,,-solution was 0-036°. The 
hydroxyl ions, present to the extent given above, would correspond 
to a depression of 0-013° and together with the equivalent sodium 
ions would account for a depression of 0:026°. The difference, 0-010°, 
which must be due to that part of the soap in solution as electrolyte, 
corresponds to 0-0027 g.-mol. of fully dissociated, binary, crystal- 
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loidal electrolyte. What remains of the total concentration 0-05 — 
0:014 — 0:007 — 0:0027N,, = 0-:0263N,,, must be the concentration of 
the undissociated neutral colloid. The constituents of this unstable 


but clear solution, and their concentrations, are very nearly those 
in Table I. 


TaBe I. 
Constituents of unstable 0-05N,,-Sodium Behenate at 18°. 
1. From #.M.F. (OH’) 0-007N., ipteoe eat alka- 
2. Equivalent to Na,HBe, 0-0140N, (Na) 12% a soap (colloid). 
3. From lowering (Na‘)=(Be’)+ (OH’) 0-0097N,, 5% dissociated soap. 
4. Remainder (NaBe)z 0:0263N, (Na) 53% neutral colloid. 


The conductivity data are summarised in Table II. The con- 
ductivities of two samples of 0-05N,,-solution were measured at 
intervals over a period of 20 hours, and that of a 0-1N,-solution at 
intervals during 18 hours, after making up. The values recorded for 
the liquid are the means of those obtained within the first hour, the 
curd values are those obtained after 18—20 hours. 


TaBuE II. 
Specific Conductivity (x) of Sodium Behenate Solutions at 18°. 
| Unstable liquid. Final curd. 
Conc. (Nw). K. aun K. Gone 
0-05 1-74 x 10° 15-9 0-311 x 10° 2°8 
0-1 BT Os X LO 12-8 0:42 x 10° 1:9 


The degree of dissociation, «, calculated by dividing the actual 
conductivity found by the molar conductivity of sodium hydroxide 
at infinite dilution at 18° (viz., 216-5) is 15-9%% for the 0-05N,,- 
solution, a value slightly greater than that (14°) found by #.M.F. 
measurements; the approximate agreement shows that the free 
hydroxide accounts for most of the conductivity. A more exact 
_ comparison may be made by calculating from the data of Table I the 
_ specific conductivity of the 0-05N,,-solution at 18°. The products 
of the concentrations per c.c. of the various ions shown in Table I 
- and their respective mobilities (43-6 for Na’, 172-9 for OH’, and 20-7 
for Be’) being added together, the calculated value for the specific 
conductivity is found to be 169x103. The agreement with the 
observed value, 1:74 x 1073, is very close, especially in view of the 
fact that different samples of unstable solutions were taken for 
these measurements; one sample actually gave the value 1:69 « 10% 
reciprocal ohm. | 

Full allowance having been made for the conductivity due to 
the hydroxy] ions in the final curd, it is evident that the curd fibres, 
though not in solution (this was shown by analysis of the mother- 
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liquor squeezed out from such curds), contribute to the residual 
conductivity. This is apparently due to the free ions of the 
electrical double layer of the very extensive surface of the fine 
fibres (compare Laing, J. Physical Chem., 1924, 28, 673; Laing and 
McBain, J., 1920, 117, 1507). The data show that these super-_ 
cooled solutions are highly unstable, the extent of hydrolysis being 
many times greater even than that for the solutions at 90°. At the 
lower temperature, after a short time, the hydrolysis diminishes to a 
tenth of its value and the equilibrium shifts in favour of the formation 
of insoluble sodium behenate, which separates in curd form from 
the solution. It seems possible that in the initial clear liquid the 
acid soap may peptise the neutral soap. Solutions of acid soap froth 
freely (McBain, Taylor, and Laing, loc. cit.). 

The 0-1N,,-behenate solution in the unstable condition was similar 
to the 0-05 ,,-solution, but was less hydrolysed. The concentration 
of hydroxyl ions due to hydrolysis was shown by the hydrogen 
electrode to be 0-0098N, or 9:8% (afterwards falling to 0-0012N,, 
when the clear liquid had set to a white curd). The depression of 
the freezing point was 0:035°. This would be fully accounted for 
by the free sodium hydroxide, but, as is seen from Table II, there is 
still a small amount of conductivity to be accounted for as in the 
case of the 0-05N,,-solution. 

The macroscopic and the microscopic behaviour of the 0:1N,,- 
solution are just like those of the 0:05N,-solution described above, 
except that the instability increases with concentration. 

The 0-2N,,-solution was too unstable to permit of freezing-point 
determinations. This solution is very viscous and difficult to 
prepare. It exhibited, however, a remarkable change in viscosity. 
The melted curd was a clear, isotropic jelly at 90°, but, on cooling, 
the gel “melted ” to a mobile, cloudy liquid. We have observed 
this curious phenomenon of gelation at a relatively high temperature 
and fluidity at a low temperature in only one other instance, namely, 
in a solution of nitro-cotton in alcohol; this is a clear, elastic jelly at _ 
room temperature and a mobile fluid at the temperature of liquid air _ 
(observation by Mr. L. E. Smith in this laboratory).* This observa- 
tion can be readily explained on the basis of the theory of neutral 
colloids put forward by McBain (Trans. Faraday Soc., 1924, 20, 22). 

The hydroxyl-ion concentration of the 0-2V,,-solution is 0-005N .., 
indicating a hydrolysis alkalinity of only 2%. This value corre- 
sponds exactly with that found by the indicator method. Most of 
the soap of the 0-2N,,-solution must be present as insoluble, undis- 
sociated, neutral colloid. 


* Compare Szegvari (Kolloid-Ztg., 1924, 84, 34), who, however, used a 
more complicated mixture of solvent and non-solvent. 
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Whether cooled rapidly or slowly, the 0-5N,,-solution of sodium 
behenate forms curd at room temperature. It is a highly viscous 
gel at 90°. ) 

It appears that ease of curding increases with rise of viscosity, 
which takes place whenever separated matter (shown by streakiness) 
is present, or upon lowering of temperature. Curd also forms more 
rapidly after the solution has been heated in glass. 

A sodium behenate solution separates into two layers on addition of 
0-4 .-sodium chloride; whereas in the case of sodium palmitate of 
the same concentration, twice this quantity of salt is required to 
produce the same change. The salted-out system, 0-05 Nw-NaBe + 
0-42N-NaCl, and also 0-05N,-NaBe + 0-59N,,-NaCl, becomes 
homogeneous at 100°. This temperature is above that, 72—75°, at 
which the corresponding palmitate-sodium chloride system becomes 
homogeneous. Both facts are in accordance with the insolubility of 
sodium behenate at low temperatures. 

Neutral behenate solutions, in the absence of sodium chloride, 
were never observed to separate spontaneously into two layers on 
standing at high temperatures, as is the case with acid sodium 
palmitate (0-4N,.-NaP, 0-1N,-HP). In appearance, the acid salts 
of behenic and palmitic acids are very similar. | 

On reviewing the behaviour of these colloidal behenate systems, 
one is struck by their analogy with certain crystalloidal systems, 
When, for example, barium sulphate is produced rapidly from a 
mixture of barium chloride and a sulphate, a highly supersaturated 
solution may be obtained which deposits matter in the colloidal 
state. On sudden cooling of the behenate solutions, supersaturation 
with respect to neutral colloid sets in and similar amorphous, 
flocculent material is formed. ‘Thus on cooling of either system, 
colloid or crystalloidal, one gets separation of (crystalline) curd 
fibres on the one hand and of true crystals on the other. On standing 
in contact with their respective mother-liquors, colloidal barium 
sulphate crystallises and colloidal sodium behenate curds. 


Summary. 

(1) Although the stable form of 0-05—0-5V,,,-sodium behenate at 
room temperature is a hard, white curd, these solutions can be 
obtained temporarily as clear, very mobile liquids, which are hydro- 
lysed to an abnormally large extent. 

(2) The largest constituent of the unstable mobile solutions is 
neutral undissociated colloid, the next largest being colloidal acid 
sodium soap with the equivalent quantity of free sodium hydroxide. » 
There is only a very small proportion of dissociated soap. 


University or Brisrou, [Received, July 24th, 1925.] 
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CCCLX XVILL.— Sulphur Compounds Removed from a 
Persian Petroleum by Means of Sulphuric Acid. 
Part I. 


By Epwarp Henry ‘T'HTeRRY. 


Mapery and Smiru (Amer. Chem. J., 1891, 13, 232) isolated several 
organic sulphur compounds from a crude Ohio oil and established ~ 
the presence of a series of dialkyl sulphides. Mabery and Quayle 
(ibid., 1906, 35, 404) obtained very different results during an — 
investigation of a Canadian petroleum, a series of saturated cyclic 
compounds, named thiophanes, of the empirical composition 
C,Ho,S being isolated; the actual compounds ranged from C,H,,5 
to C,,H3,8 and a derivative of the substance C,H,,S also was 
prepared (see also von Braun and Triimpler, Ber., 1910, 43, 543; 
Trochimovski, J. Russ. Phys. Chem. Soc., 1916, 48, 880). More 
recently, other workers have described the isolation and identi- 
fication of thiophen and its homologues in shale oil. 

The product now investigated was a sulphuric acid sludge from 
the refining of Persian petroleum kindly supplied by Mr. Kewley of 
the Asiatic Petroleum Co. The oil that separated on dilution was 
carefully fractionated and of the twenty-nine fractions boiling below 
120°/125 mm., four have been investigated. Three of these con- 
sisted essentially of methyl ethyl sulphide, tetra- and penta- — 
methylene sulphides. The fourth fraction was a mixture. It 
contained a compound C,H, 8; this was not diethyl sulphide, but 
sufficient material was not available to determine whether it was 
methyl propyl sulphide or methyl isopropyl sulphide. All the 
fractions had an intense odour, but the purest samples of the cyclic 
sulphides were in no sense objectionable. The various compounds 
have been characterised by the preparation of a number of deriv- 
atives such as sulphonium iodides and double salts with mercuric 
salts. 


EXPERIMENTAL. 


The dark supernatant oil obtained by greatly diluting the 
sulphuric acid sludge (12 litres) with water was shaken with sodium 
hydroxide and dried over sodium sulphate; a further quantity was © 
extracted from the diluted liquid with chloroform, the total yield | 
being 1800'c.c. The oil was distilled and the more volatile portions — 
were fractionated five times at a pressure of 760 mm.; the fractions 
obtained were: (1) below 50°, 0:5 c.c.; (2) 59—-64°, 90 c.c.; (3) 
64—68°, 11 c.c.; (4) 68—70°, 23 c.c.; (5) 70—80°, 10 c.c.; (6) 
80—89°, 8c.c.; (7) 89—92°, 11 c.c.; (8) above 92°, 7 c.c. ; | 


; 
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The oils boiling above 100°/760 mm. were fractionated eleven 


times at 125mm. Table I shows the degree of separation achieved. 


TABLE I. 

Fraction. B.p./125 mm. C.c. Fraction. B.p./125 mm. | .G.c; 
9 up to 60° 4. 20 90—93° 30 
16 60—63 re 21 93—96 12 
11 63—66 20 22 96—99 9 
12 66—69 3 aa 99—102 19 
13 69—72 5 24. 102—105 28 
14’ 12-75 5 25 105—-108 16 
15 15—78 10 26 108—111 14 
16 78—81 70 27 ll1—-114 35 
17 81—84. 75 28 ly4—117 20 
18 84—87 10 29 117—120 18 

19 87—90 3 Residue (to be examined) 


Fractions 4, 7, 11, and 17 have been carefully examined. 

Fraction 4 contained 61°% of chloroform... No satisfactory analysis 
was possible, but the remaining liquid contained about 34:5%, SB. 
On shaking with mercuric iodide, decanting, and evaporating in a 
vacuum, pale yellow crystals were obtained which dissociated very 
rapidly in the air and softened at 59° (Smiles, J., 1900, 77, 164, 
gives m. p. 59° for CH,’S-C,H,,HgI,). The liquid (2 c.c.) reacted 
briskly with methyl iodide (1 c.c.) and mercuric iodide (excess). 
After 3 minutes, the product was washed with ether and crystallised 
from acetone-ether; it then formed fine yellow needles, m. p. 86° 
[(CH,)SU-C,H;,HeT, has m. p. 86°; Smiles, loc. cit.]. 

White crystals of methyl ethyl sulphide mercurichloride were 
immediately precipitated on addition of alcoholic mercuric chloride 
to the liquid. Several crystallisations from acetone and water gave 
rather unstable crystals, m. p. 101—102°. 

Most of the mercurihalides here described are unstable and were 
purified with difficulty, immediately beginning to lose sulphide on 
exposure to air; the ultimate analyses, therefore, were unsatis- 
factory. Sintering frequently occurs during melting-point deter- 


“minations and this, together with the tendency to dissociate, makes 


trustworthy observations difficult to obtain. 
Fraction 7 contained 0-5°% of chloroform. The analytical figures 
found (C, 56-4; H, 11-0) differ from those required for diethyl 


sulphide (C, 53-3; H, 11:1%), but consideration of the results 
_ obtained with fraction 11 makes it very probable that the divergence 
_ in both cases is caused by admixture of about 6°% of a hydrocarbon, 


b. p. 100—105°. 

The mercuri-iodide, prepared as described under Fraction 4, 
formed unstable, pale yellow crystals which did not soften below 
100°. The methylsulphonium iodide mercuri-iodide formed pale 


yellow crystals which melted at 54° after repeated crystallisation 
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from acetone-ether, and the mercurichloride, unstable, white 
needles, which melted at 68° after repeated crystallisation from 
acetone by cautious addition of water. Smiles (J., 1900, 77, 164) 
gives 52° as the m. p. of (C,H;,).S,Hgl, and 67° as that of 
(C,H;).(CH,)SI,HgI,, whilst for (C,H,),S,HgCl, Loir (Annalen, 
1853, 87, 369) records m. p. 90° and Abel (H., 1895, 20, 269) m. p. 
119°. These results indicate clearly that the compound is not 
diethyl sulphide. No addition compounds of the above types of the 
methyl propyl sulphides have been described. 

Fraction 11 was refractionated and the largest fraction, b. p. 
64—65°/125 mm., was examined. The liquid boiled at 120—121°/ 
760 mm. (Found: C, 56:6; H, 9-8; 8S, 34:0%). Diisopropyl 
sulphide (C, 61:0; H, 11:9; 3, 27-1%) boils at 120-5°/763 mm. 
(Beckmann, J. pr. Chem., 1878, 17, 459), and tetramethylene 
sulphide (C, 54:5; H, 9-1; 8, 36:3%) at 119° (von Braun and 
Triimpler, Ber., 1910, 43, 549). 

The divergence from the values for tetramethylene sulphide may 
be ascribed to the presence of a little hydrocarbon, since derivatives 
were obtained in a pure state with comparative ease. 

The methiodide, prepared in the usual way, crystallised from 
alcohol in fine, white needles, decomp. 185—190° (Found : I, 54:6. 
C;H,,IS requires I, 55:2%). The mercurichloride, crystallised 
from acetone—-water, had m. p. 126° (Trochimovski, loc. cit., gives 
m. p. 124-5—125-5°). Tetramethylene sulphide mercuri-iodide, 
prepared in the usual way, separated from acetone—water in white 
crystals, m. p. 58°. T ctramethylenemethylsulphonium iodide mercuri- 
iodide, prepared as previously described, formed yellow crystals, 
mio LU: 

Fraction 17 was refractionated four times; the largest fraction 
had b. p. 88—84°/125 mm. and 138-5°/742 mm. (Found: C, 58:5; — 
H, 9-8; S, 31:3. Calc. for C;H,)S8, C, 58-8; H, 9:8; 8, 31:4%). 
Low results for sulphur were obtained unless oxidation was carried 
out for 15 hours at 180° and then, after the pressure had been 
released, for 10 hours at 250°. In estimating the carbon and 
hydrogen, the best results were obtained by weighing the liquid in a 
small bubbler, which was then fixed to the end of the combustion 
tube, the passage of the oxygen causing steady evaporation. It 
seems certain that the compound is pentamethylene sulphide 
(compare von Braun, loc. cit.). The mercurichloride was prepared, 
and crystallised from benzene. 

Pentamethylenemethylsulphonium iodide, prepared in the usual 
way, was converted into the sulphonium base by means of silver 
oxide; the solution was exactly neutralised with hydrochloric acid 
and gently evaporated to small bulk. The crystalline sulphonium 
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chloride obtained on cooling was precipitated from alcoholic solution 
with ether, washed with acetone, and dried in a vacuum over 
sulphuric acid. The white crystals thus obtained dissociated 
without melting on heating and decomposed slightly on long 
standing (Found: C, 46:7; H, 8-7; Cl, 22-85. C,H,,CIS requires 
C, 47-2; H, 8-6; Cl, 23-39/ ), 

Pentamethyléne sulphone was obtained in very small yield by 
- oxidising the sulphide (2 g.) with excess of permanganate solution ; 
it crystallised from benzene—light petroleum in white plates, m. p. 
98°. Trochimovski (loc. cit.) gives m. p. 98-5—99°. 

Pentamethylene sulphide mercuri-iodide, prepared in the usual way, 
was washed with ether and crystallised from acetone by cautious 
addition of water. The white crystals obtained, m. p. 72—74°, 
dissociated completely within a few hours when exposed to the air. 
The mercurichloride separated from benzene in white crystals, m. p. 
135—136° (Trochimovski gives m. p. 137-5°). The chloroplatinate 
was obtained by adding a few drops of the sulphide to a strong 
aqueous solution of platinic chloride; the yellow crystals that 
separated after a few hours were crystallised from acetone—water. 
[Found: Pt, 35-4. (C,H, S),PtCl, requires Pt, 364%]. Penta- 
methylenemethylsulphonium iodide mercuri-iodide, prepared as 
previously described, separated from acetone-ether in yellow 
crystals, m. p. 78°. 


The author expresses his thanks to Professor Donnan for 
suggesting this work and to Professor Collie and Dr. py for 
valuable advice given during its progress. 


THE RaurexH Foster LABORATORY OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE. [Received, February 26th, 1925.] 


CCCLX XI X.—Condensations of the Sodium Derivatives 
of Trimethylene Glycol and Glycerol. 


By Arruur FarrpouRNE and Grawam Epwarp Foster. 


In extension of the work on the condensation of 1-chloro-2 : 4- 
dinitrobenzene with glycerol (J., 1921, 119, 1035) and ethylene 
glycol (ibid., p. 2077), the similar condensation in the case of 
trimethylene glycol has now been investigated. 

A solution of the sodium derivative is readily obtained by 
dissolving sodium in excess of trimethylene glycol and may be used 
for effecting the condensation. In spite of the large excess of glycol 
present, and although monosodium glyceroxide gives rise to only 
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one product in the corresponding reaction (loc. cit., p. 1037), both 
mono- and bis-dinitrophenyl ethers of trimothylens glycol are 
produced, even when the chlorodinitrobenzene is added slowly. 


CH,-OH CH,OH CH.'0-CgH,(NO»)> 
CH, —> (I) CH, a CH, (II.) 
CH,°OH (nr, -0-C,.H3(NOz)o CH,- *O-C,.H ek 


The relative yields of these ethers vary with the concentration of 
the sodium derivative and therefore may be pice as dependent 
on the tendency to set up the equilibrium 


CH,O-C,H,(NO,),  QHyOH — GH,:0-C,H,(NO,), GH OH 
OH, -[- CH, fx ana CH, +’ CH, 
CH, -OH CH, ‘ONa GH, -ONa — CH, -OH 


it being assumed, as in the two previous papers, that the primary 
condensation involves merely the replacement of the sodium by the 
substituent group : 


R-O-Na ++ Cl-C,H,(NO,). ——> R-O-C,H,(NO,)s. 


On this assumption depend the arguments previously put forward in 
support of the structure of glycerides (loc. cit., p. 1035). Doubt 
was cast on its validity, however, by the accidental preparation of 
the bisdinitrophenyl ether above mentioned and by the further 
discovery that tri-substituted derivatives of glycerol can be obtained 
by treating monosodium glyceroxide, suspended in an inert solvent, 
with one equivalent of certain acid chlorides, a reaction not con- 
templated in the previous papers. 


CH, -OH CH,SO;Ph CH,-OH 
30H: ‘OH + 3Ph:SO0,Cl —> CH: ‘$0, Ph -+- 2CH-OH 
OH, -ONa OH, SO, Ph CH,"OH 


Moreover, such trisubstituted products were obtained from disodium 
glyceroxide under identical conditions : 


CH,-CO,Ph CH,-OH 
3CjH,O.Na, + 6Ph-COCL —> 20H: ‘CO,Ph ++ CH: ‘OH 
CH,-CO,Ph CH,-OH 


It was realised that the formation of these substances might be due 
to direct interaction of labile chlorine atoms and hydroxyl groups, 


CH,ONa CH,"O-CgH3(NO2). 
CH, + 2Cl-0,H,(NO,), -—> CH, f 
CH, OH eines -O-C,H,(NO.). 


the excess of the sodium derivative merely serving to destroy the 
hydrogen chloride thus formed. Glycerol, ethylene glycol, and 
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trimethylene glycol were therefore heated separately with 1-chloro- 
2:4-dinitrobenzene in presence of calcium carbonate, and_ tri- 
methylene glycol mono-2:4-dinitrophenyl ether was treated 
similarly in presence of sufficient inert solvent to dissolve all 
organic matter, but in no case was there a trace of ionisable halogen 
in the product. It appears clear, therefore, that no condensation 
between halogen atoms and hydroxyl groups occurs during the 
reactions with chlorodinitrobenzene, and that the chlorine removes 
the sodium in the way previously assumed. 

The production from sodium glyceroxide of the tri-ester mentioned 
above might be explicable in the light of Fischer’s observation — 
(Ber., 1920, 53, 1621, 1634) that mono-esters of polyhydriec alcohols 
in ethereal solution in presence of a catalyst such as potassium 
carbonate or sodium ethoxide are moderately rapidly transformed 
into di-esters and free alcohols. A similar explanation is untenable, 
however, in the case of trimethylene glycol bisdinitrophenyl ether, 
for when the mono-ether was treated with a solution of sodium in 
trimethylene glycol under the conditions existing during the 
condensation with chlorodinitrobenzene no bis-ether was found in 
the product, the very different solubilities of the mono- and bis- 
ethers in acetic acid rendering the absence of the latter easily 
provable. ‘ 

The «-structure of monosodium glyceroxide (loc. cit., p. 1036) has 
been confirmed by the following series of reactions using :sopropyl- 
idene glycerol (Irvine, Soutar, and Macdonald, J., 1915, 107, 337; 
Fischer, Ber., 1920, 53, 1589), X denoting p-C,H,-NO, or 3: 5- 
CgH3(NO5)s : 


CH,-OH ae CH,-OH 
CH-OH ie CH:OH (IIT.) 
CH, OH CH,-ONa CH,-CO,X 
neon \, oH,0 "CHO 
CH,-OH  * *O-. X*COCl1 2° 
2 \ ‘ ee x >CMe, a OH oo Mee (IV.) 
CH,-OH CH,-CO,X 


ExPERIMENTAL. 


Trimethylene Glycol Mono-2: 4-dinitrophenyl Ether (1).—Sodium 
(1:14 g.) was dissolved, in small portions to prevent charring, in 40 c.c. 
of trimethylene glycol, and the solution was stirred and heated at 100° 
while a suspension of 10-2 g. of 1-chloro-2:4-dinitrobenzene in 
30 c.c. of the glycol was gradually added. Heating and stirring 
were continued ‘until the chlorodinitrobenzene dissolved (4 hour). 
The product was poured into 1000 c.c. of 20%, acetic acid an oil 


1 
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being precipitated. The whole was boiled for 30 minutes; most 
of the oil had then redissolved and the remainder had crystallised 
(A). The solution was filtered, and cooled to 0° after 24 hours. The 
colourless needles deposited were dried in a vacuum over sulphuric 
acid and recrystallised from benzene-ligroin (b. p. 40—60°). The 
ether thus obtained (yield 6 g.), m. p. 52°, was soluble in ether, 
benzene, alcohol, acetone, or acetic acid, and sparingly soluble in 
water or ligroin (Found: N, 11-5. C,H,)0,N, requires N, 11-55%). 

The acetyl derivative prepared by heating the ether for a few 
minutes with 2 vols. of acetyl chloride and acetic anhydride (equal 
parts) and boiling the product with much water, separated from the 
filtered solution in long, colourless needles; m. p. 85°, the yield being 
nearly quantitative (Found: C, 46-1; H, 4-45; N,9-9. C,,H,,0,N. 

requires C, 46-4; H, 4:25; N, 9:9%). 

The benzoyl derivative was prepared by shaking a warm mixture 
of the ether and benzoyl chloride with successive small quantities of 
20% sodium hydroxide solution, added in sufficient amount to 
prevent the orange colour from being discharged; water was then 
added. The benzoyl derivative, obtained as a semi-solid mass on 
cooling the mixture, separated from alcohol in colourless crystals, 
m. p. 95°, soluble in most of the common organic solvents (Found: — 
N, 8-2. C,,.H,,0,N. requires N, 8-11%). 

Trimethylene Glycol Bis-2:4-dinitrophenyl Hiher (I1).—The 
substance (A) mentioned above was sparingly soluble in alcohol, 
ether, or acetone, but by recrystallisation from boiling glacial 
acetic acid the bis-eiher was obtained in colourless needles (yield 
0-5 g.), m. p. 180° (Found: C, 44:0; H, 3-2; N, 13-4. C,,H,.0j,9N, 
requires C, 44:1; H, 3:0; N, 13-6%). 

Glyceryl Tri-p-toluenesulphonate, C,H;(O-SO,°C,H,)3.—Disodium 
glyceroxide was prepared by the method of Lébish and Loos 
(Monatsh., 1881, 2, 842) (Found: Na, 33-0. Calc., Na, 33-8%). 

A mixture of equimolecular proportions of either mono- or di- 
sodium glyceroxide and p-toluenesulphonyl chloride in dry ether or 
benzene was kept for 24 hours, then boiled under reflux for + hour, 
and filtered. The glyceride obtained on distilling off the solvent 
slowly solidified, and crystallised from alcohol in colourless needles, 
m. p. 103° (Found: C, 51-6, 51-8; H, 4:8, 4:8; 8, 17-4; MM, cryo- 
scopic in benzene, 564. (C,,H,,O,S, requires C, 52:0; H, 4:7; — 
S, 17-394; MM, 554). 

Glyceryl tribenzenesulphonaie, obtained in a similar way from 
benzenesulphonyl chloride, crystallised from alcohol in needles, 
m. p. 80° (Found: C, 49:0; H, 3-9. C,,;H, 90,8, requires C, 49-2; 
H, 39%). | 

Action of Benzoyl Chloride wpon Sodium Glyceroxides.—The 
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products obtained by the action of an ethereal solution of benzoyl 
chloride on mono- and di-sodium glyceroxides were not identical. 

Monosodium glyceroxide yielded «-monobenzoy] glycerol (compare 
loc. cit., p. 1340). 

Disodium glyceroxide yielded tribenzoyl glycerol, which, even 
after repeated crystallisation from ligroin, melted at 71—72° 
(Found: C, 71-25; H, 4-95. Calc., C0, 71-3; H,4:95%). Them. p. 
is given by Skraup (Monatsh., 1889, 10, 393) as 75—76-5°, by 
Balbiano (Ber., 1903, 36, 1574) as 71—72°, and by Krafft (bid., 
p. 4341) as 76°. A comparison of these references and others showed 
that the substance melted at 76° or 72° according as it had been 
erystallised from alcohol or ligroin. The above product was there- 
fore crystallised from alcohol. It then melted at 76°. Subsequent 
recrystallisation from ligroin (b. p. 40—60°), or slow solidification of 
the fused material, reduced it to 72° again. 

Action of p-Nitrobenzoyl Chloride upon Monosodium Glyceroxide.— 
Monosodium glyceroxide was treated with an equivalent quantity of 
p-nitrobenzoyl chloride in ethereal solution, and the reaction carried 
out in the usual manner. The product obtained by filtration and 
evaporation of the solvent was an oil which solidified on cooling and 
crystallised from chloroform in needles, m. p. 107°. A mixture of 
this with a specimen of «-mono-p-nitrobenzoyl glycerol (m. p. 107°) 
prepared by Fischer’s method (Ber., 1920, 53, 1596) also melted at 
107°. In the preparation of zsopropylidene glycerol as an inter- 
mediate product in the second method, the resulting liquid boiled at 
~78—79°/10 mm. 

_ isoPropylidene Glycerol 3 : 5-Dinitrobenzoate (IV).—A mixture of 
11:6 g. of 3: 5-dinitrobenzoyl chloride and 8-2 g. of dry quinoline 
was dissolved in 15-6 c.c. of chloroform, 6-7 g. of isopropylidene 
glycerol were slowly added with cooling, and the whole was kept 
for 2 days. The product was shaken successively with water, 
dilute sulphuric acid, sodium bicarbonate solution, and water, then 
dried over ignited sodium sulphate, and the solvent removed. The 
residual oil solidified on cooling, and crystallised from ligroin (b. p. 
40—60°) —benzene in colourless needles (yield 80%), m. p. 85°, 
soluble in benzene, ether, or chloroform, and nearly insoluble in 
ligroin (Found: N, 8-6. C,,H,,0,N, requires N, 8-6%). 

Glycerol «-Mono-3 : 5-dinitrobenzoate (III).—(a) A mixture of 
equivalent quantities of monosodium glyceroxide and 3: 5-dinitro- 
benzoyl chloride in ether was kept for 2 days and then heated under 
reflux. The suspended matter, which had little or no alkaline 
reaction, was filtered off, and the solvent evaporated. ‘The residual 
oil, which solidified, crystallised from chloroform in colourless 
needles, m. p. 118°, soluble in alcohol, ether, or benzene; it also 
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crystallised easily from water (Found: N, 9-75. Cj9H,03N, 
requires N, 9:79%). | 

(b) A mixture of 5 g. of isopropylidene glycerol 3 : 5-dinitro- 
benzoate and 100 c.c. of N/2-hydrochloric acid was stirred and 
heated at 70—80° for 1 hour. The clear liquid was decanted, and 
deposited glycerol «-dinitrobenzoate on cooling. ‘This, after being 
dried in a vacuum over sulphuric acid and crystallised from chloro- 
form (yield 70°%), melted at 118°, alone or mixed with a specimen 
prepared by method (a). 


The authors wish to express their indebtedness to the Chemical 
Society for a grant to one of them (A. F.) which has partly defrayed 
expenses incurred in this work. 
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CCCLXXX.—The Formation and Growth of Silver 
Nuclei in the Decomposition of Silver Oxalate. 


By James YouncER Macponatp and Cyrm Norman 
HINSHELWOOD. 


Tus paper contains first a description of a sensitive method for 
making direct measurements of the instantaneous rate of reaction 
in a chemical change where gas is evolved, and secondly an account 
of its application in the investigation of certain interesting phenomena 
relating to the thermal decomposition of silver oxalate. 

The decomposition of solid substances frequently offers the 
appearance of being autocatalytic, the rate of change increasing as 
the reaction progresses. This is in many instances due simply to an 
increase in the surface of the solid during the course of the trans- 
formation (Phil. Mag., 1920, 40, 569), but it can also be due to the 
circumstance that the reaction is facilitated by the presence. of 
nuclei of one of the products. ‘To whichever cause the acceleration 
is due, the relation between the velocity of change and the amount 
of reaction which has already taken place is a very complicated one. 
The determination of this relation from measurements of the total 
change, x, which has taken place at any time, ¢, depends upon the 
drawing of tangents to curves of x and ¢, a procedure involving 
a large proportional error. The following method was therefore 
adopted for obtaining direct readings of the actual velocity at 
different times during the reaction. 

The solid is allowed to decompose in a small bulb kept at constant 
temperature in a vapour bath. The bulb is connected with a 
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McLeod gauge and the gaseous products of the reaction are removed 
by a continuously running Gaede pump. The experiments must be 
made at temperatures where the rate of evolution of gas is not too 
great, so that the pump is able to maintain a fairly high vacuum in 
the apparatus. At intervals measurements of the rate of reaction 
are made by turning off the tap leading to the pump and raising the 
mercury in the McLeod gauge for a pressure reading. At the 
moment when the mercury cuts off the bulb of the gauge from 
communication with the decomposition vessel a stop-watch is started. 
The pressure reading is completed and the mercury lowered, com- 
munication with the decomposition vessel being once more estab- 
lished. At the end of a suitable time a second reading of the 
McLeod gauge is made, the watch being stopped at the moment 
when the mercury once more cuts off the gauge from the rest of the 
apparatus. In the actual experiments pressure increases of the 
order of 0-1 or 0-01 mm. were measured in periods of time varying 
from 45 seconds to 15 minutes in reactions lasting several hours or 
days. ‘The readings, therefore, can be regarded as instantaneous. 
By the use of gauges of various degrees of sensitiveness in different 
experiments it is possible either to follow the reaction over its whole 
course or to make a more detailed study of the initial stages. 

No investigation has previously been made of the mechanism of 
the decomposition of silver oxalate. It is usually assumed that 
the change takes place in accordance with the simple equation 
C,0,Ag, = 2Ag + 2CO,. This was confirmed by an analysis of 
the residue, which was more than 99-8% silver, and of the gas, 
which was pure carbon dioxide containing no trace of carbon 
monoxide. If the reaction involved the intermediate formation of 
carbonate or oxide, carbon monoxide would necessarily appear in 
the gaseous products. 

Various specimens of silver oxalate behaved very differently, 
falling roughly into two classes. One class decomposed with the 
most marked acceleration, the maximum velocity being about 200 
_ times greater than the initial velocity. The other class showed very 
~ much less acceleration, and the velocity, instead of passing through 
a sharp maximum, remained steady over a large part of the whole 
course. Specimens of this second class were on the whole about 
_ ten times as stable as those of the first class. The difference was 
traced to one factor in the method of preparation. All the speci- 
mens were prepared by precipitation of silver nitrate with sodium 
oxalate. Those precipitated under such conditions that the sodium 
oxalate was in excess throughout belonged to the unstable accelerat- 
ing type, whilst those precipitated with silver nitrate always in 
excess belonged to the stable, feebly accelerating type. 
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The method of preparation was carefully standardised. The 
precipitant which was not to be in excess was run slowly as a fine 
continuous stream in the course of about 4 hour into a solution of 
the other salt, which was vigorously agitated by a mechanical 
stirrer. All the solutions were very dilute—an obvious precaution 
in view of Richards’ well-known investigation of the occlusion 
difficulties of Stas—and the precipitation was carried out in black- 
ened vessels at the ordinary temperature. The silver oxalate was 
repeatedly washed by decantation, and dried in a vacuum desiccator 
kept in a dark cupboard. As far as we are able to judge, all factors 
were exactly the same in the preparation of the two types of silver 
oxalate except that one or other precipitant was in excess. 

The autocatalytic acceleration is not due to carbon dioxide, since 
it takes place in a vacuum. It is not due simply to increase in 
surface, as with potassium permanganate and some other solids 
(loc. cit.), since it cannot be eliminated by preliminary grinding. 
It must be due, therefore, to nuclei of solid silver formed in the 
decomposition. Since the initial velocity is very small compared 
with that finally attained, the whole course of the reaction is evidently 
governed by the formation and growth of these nuclei. The 
decomposition of solids is essentially a surface phenomenon. More- 
over, the devitrification of glass, which depends upon the formation 
of crystal nuclei, is known to start from the surface, since the wash- 
ing of the surface with dilute hydrofluoric acid removes the tendency 
to further devitrification on heating. It is very probable that in a 
similar way the silver nuclei are formed at the surface of the oxalate 
crystals. The formation of nuclei and their subsequent growth 
are independent phenomena both of which are extremely sensitive 
to the presence of foreign substances (compare Zsigmondy, “ Kolloid- 
chemie,” 1922, p. 144). When silver oxalate is precipitated with 
excess of silver nitrate and sodium oxalate, respectively, there will 
probably be different ions adsorbed. The different behaviour of 
the oxalate prepared by these two methods is to be attributed to 
the effect of the adsorbed ions on the chance of formation of silver 
nuclei in the solid and on their subsequent growth. 

As the silver oxalate was always very thoroughly washed during 
preparation, only the definitely adsorbed ions need be taken into 
account. 

The decomposition bulb was protected from light by a covering 
of tinfoil. 

About fifty experiments were carried out with twelve specimens 
of oxalate. Some of the results are in the following tables and 
curves; ¢ is the time in minutes, and v the velocity of reaction in 
arbitrary units. 
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Temperature 131-8°. 


(a) Silver oxalate precipitated (0) Silver oxalate precipitated 
with excess of sodium oxalate. with excess of silver nitrate. 
t. v. t. v. t. Vv. t. v. 
5 5:3 39:5 756 3°5 7 240 48 
12 60 43 628 10 13 270 50 
18 147-5 49 434 33 32 305 48 
21 216 53 340 43 28 335 31 
25 384 60 192 47 33 360 24 
28-5 725 75 154 60 31 420 18 
30°5 958 96 46 105 50 540 13 
32:5 850 140 28-5 150 43 600, 6:3 
35:5 888 263 13-3 180 43 
This specimen was precipitated The rise and fall in velocity is 
with a very large excess of oxalate, quite real, and presumably connected 
and is one of the most unstable. with the fact that the oxalate grains 


are not quite uniform. 


Using a more sensitive gauge it is possible to see in more detail 
the initial variations in rate. The following results were obtained 
with a rather more stable specimen of oxalate. Up to 100 minutes, 
the decomposition amounts to about 1% only. Temperature 
131-6°. 7 


te Vv. te v. t. v. be Vv. 

5 3°4 32°5 45:8 77:5 224 135 477 
12-5 3°9 37°5 62-8 86:5 255 149 516 
17-5 5:8 47°5 107°2 97-5 310 165 549 
22-5 15-6 58-5 152 110°5 374 198-5 580 
27°5 26°8 67-5 183 121 407 204°5 618 


In this experiment, the maximum rate of nearly 3000 was reached 
‘in about 6 hours. 

_ It is worth while to give in full the results of one more experiment, 
“made at 110° with a specimen of the accelerating type. Attention 
“may be directed to the long period of steady velocity following the 
sharp fall from the maximum. 


ar Vv. Fil Vv. t: Vv. 
5 1-09 759 182 2,405 83-2 
15 1-29 832 214-5 2,575 83-5 
25 1-28 881 224-5 2:313 78° 
40 1-79 936 251 3.127 72-9 
60 2-70 1,126 298 3,858 B14 
85 4-72 1,197 276 4.303 45-9 
135 12-0 1.331 228 5,180 ° 337 
170 18-6 1,400 189-5 6,012 25-7 
245 35-7 1,607 115 6,708 19-3 
313 50:0 1.737 98-0 8.873 16-7 
438 69:4 2,293 78-0 9.617 14:1 
533 90:8 2310 82-9 13,920 8-7 
19,700 56 


_ The relation between the velocity and the amount decomposed 
is not by any means simple. G. N. Lewis, investigating the some- 


r 
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what similar decomposition of silver oxide (Z. physikal. Chem., 


1905, 52, 310), thought that the results could be expressed by the 
simple equation for homogeneous autocatalysis dx/dit = ka(a — 2), 
It is difficult to see how the complex process of nucleus formation 


and growth can be so represented. ‘The applicability of the i 
equation to the silver oxalate decomposition can be tested in two _ 


ways. (a) dx/dt is plotted against ¢ and, by square counting, a 


curve of a and ¢ is constructed. It is then readily seen by plotting | 
log [dx/dt/(a — x)} against log a whether the rate per unit amount 


? 


Hie. 1: 


Influence of the method of precipitation on the decomposition of silver oxalate. — 


1000 


800 


600 


400 | 


Actual velocity in arbitrary units. 


200 


Time in minutes. 


Curves I and II: silver oxalate precipitated in presence of excess of 
sodium oxalate. Curves III and IV: excess of silver nitrate. 


of oxalate is a linear function of x. It is not. The rate depends 
upon a power of a which not only varies but is always less than 
unity. (b) For the very early stages of the reaction, as measured 
with a more sensitive gauge, the equation reduces to dx/dt = kz, 
but to account for the fact that the reaction starts at all this has in 
any case to be written dx/di =k (x + 29), where x is a small 
constant quantity which determines the actual initial rate. From 
this it follows that log dx/di = kt + constant. This gives a con- 


venient means of plotting the results without resorting to the 


laborious process of square counting. The following table contains 
a set of typical results, the figures referring to the initial stages of 
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one of the experiments already quoted (second table). dx/di = v. 


When ¢ = 5, log » = 0-53. ‘4 
log v — 0:53 log v — 0-53 
t— 5. logv — 0-53... t—5 ° ¢t—5. logv — 0:53. t—65.° 
12-5 0-23 0:0184 53:5 1-652 0-0309 
17-5 0-663 0-:0379 62-5 1-713 0:0274 
22-5 0-898 0:0399 72°5 1-820 0-:0251 
27°5 1-131 0-0412 81:5 1-877 0-:0230 
_ 32°5 1-268 0-0390 92:5 1-961 0-0212 
- 42°5 1-500 0-0353 105-5 2:043 0-0194 


influence of Adsorbed Gases on the Silver Nuclei—Some experi- 
ments were also made in which the silver oxalate was allowed to 
decompose in a small bulb connected with a gas burette, the rate of 
reaction being measured simply by the total evolution of carbon 
dioxide. The results were most unexpected. Sometimes there was 
no trace of acceleration, even with specimens prepared by precipit- 
ation with excess of sodium oxalate. At other times the acceleration 
made its appearance after varying intervals of time in an uncon- 
trollable manner. This was all traced to the influence of the air 
Initially present in the bulb. Further investigation showed that 
oxygen has a pronounced poisoning influence on the reaction. This 
is evidently due to its being adsorbed on the nuclei of silver as soon 
as they are formed on the surface. Their growth is thus hindered 
or stopped. - Experiments carried out in an atmosphere of carbon 
dioxide followed almost exactly the same course as those carried 
out in a vacuum and the influence of nitrogen appears to be but 
slight. Fig. 2 shows clearly the pronounced poisoning influence of 
air. ‘The explanation is now obvious of the puzzling results obtained 
when silver oxalate is allowed to decompose in a bulb initially 
filled with air which is gradually replaced by carbon dioxide; there 
is a sudden acceleration of the reaction when the air is all displaced 
from the surface of the crystals. In order to study the reaction 
under conditions where the poisoning effect of air was constant, 
experiments were made in a stream of air, the rate of reaction 
being measured periodically by cutting off the stream and allowing 
the pressure to rise. The stream was sufficiently slow for there to 
be no appreciable cooling effect, as the air passed through a consider- 
able length of heated tubing before actually coming into contact 
with the silver oxalate. In a continuous stream of air, or even in 
the presence of still air the reaction is spread out over a time about 
ten times as long as in a vacuum or in presence of carbon dioxide. 
The poisoning effect is relatively more marked with the unstable 
accelerating specimens precipitated with excess of sodium oxalate 
than with those precipitated in presence of an excess of silver 
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nitrate, since in the latter the acceleration is already to some extent 


inhibited. 
The changes in colour which accompany the decomposition are 
interesting, the white oxalate passing through pale to deep brown 


and then becoming black. When the reaction is nearly complete — 
some sort of recrystallisation of the silver seems to occur and the © 
whole mass becomes almost white. Addition of the final product — 
does not cause an increase in the rate of reaction. Evidently 
coarser particles of silver are not effective in catalysing the change h 
in the same way as the minute nuclei formed in the space lattice of — 


MiGs 2. 


Influence of air on the decomposition of silver oxalate. 
100 


80 


60 


40 


Per cent. decomposed. 


20 


Time in minutes. 


the oxalate crystals themselves. Experiments were made on the | 
influence of previous grinding. This produced some increase in the 
rate of reaction, but did not eliminate the autocatalysis as with 


potassium permanganate and some other solids. 


The influence of temperature was investigated with a few of the 
specimens. It is normal, and more or less uniform throughout all | 


stages of the decomposition. Over the range 100° to 150° the rate 
increases approximately 2-7 times for 10°. 


Summary. 


The thermal decomposition of silver oxalate takes place in accord- 


ance with the simple equation (CO-OAg), = 2Ag ++ 2COQg. 
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Its rate is governed entirely by the formation and growth of 
nuclei of silver in the space lattice of the oxalate crystals. 

These processes are sensitive to the presence of adsorbed ions, 
since silver oxalate precipitated in presence of excess of sodium 
oxalate behaves quite differently from that precipitated in presence 
of excess of silver nitrate. This is in some respects analogous to the 
influence of adsorbed ions on the photo-sensitivity of silver bromide 
described by Fajans and Frankenburger (Z. Elektrochem., 1922, 28, 
499). 

In a vacuum and in an atmosphere of carbon dioxide the rate of 
reaction is the same, but the presence of oxygen has a very pro- 
nounced poisoning effect on the silver nuclei. This is an example of 
catalytic poisoning of a new kind. The influence of adsorbed ions 
and of oxygen seems to show that the nuclei must be first formed at 
the surface of the oxalate crystals, rather than at any point in the 
interior. 

PuysicaL CHEMISTRY LABORATORY, 


BaLuiion CoLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, July 4th, 1925.] 


CCCLXX XI.—The Influence of Different Nuclei on the 
Absorption Spectra of Substances. 


By Joun Epwarp Purvis. 


In previous papers (J., 1914, 105, 590, 1372) the author described 
the absorption spectra of substances containing several benzene 
nuclei, and it was shown that the phenomena were very different 
in substances containing two, three, and four benzene residues 
even when the nuclei with which they were combined had no specific 
absorption. 

The aim of this communication is to describe the absorption 
spectra in the ultra-violet region (1) of substances in which each 
nucleus shows specific absorption when uncombined, and (2) of 
substances in which only one of the nuclei shows specific absorption. 

Alcoholic solutions of the following substances were examined : 
Salicylic acid, phenyl salicylate, o-acetoxybenzoic acid, benzyl 
salicylate, thymol salicylate, camphor, camphor salicylate, theo- 
bromine, theobromine salicylate, theobromine o-acetoxybenzoate, 
Caffeine, caffeine salicylate, caffeine benzoate, caffeine citrate, 
cafieine hydrochloride, phenazone, phenazone salicylate, quinine, 
quinine salicylate, and quinine o-acetoxybenzoate. Most of the 
Substances were examined in the first instance in J//200-solution, 
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but theobromine and caffeine and their salicylates were soluble 
only in about 1/2,000-strength. A condensed cadmium spark was 
the source of radiant energy. f 
Salicylic acid. Hartley’s observation (J., 1888, 53, 641) that 
this substance has two bands in the ultra-violet region has been 
confirmed. 
Fie. 1. 


Oscillation frequencies. 
30 32 34 36 38 - 40 42 44 


Logarithms of relative thicknesses. 
Relative thicknesses v1 mm. 


M/20000 


Upper curves. Lower curves. 
I Phenyl salicylate. I Theobromine. 
IL 0-Acetoxybenzoic acid. Il Theobromine salicylate. 
III Camphor salicylate. - TIL Theobromine 0-acetoxybenzoate. 


Phenyl salicylate. This has two bands like those of the acid. 
On comparing photographs of the two substances it was clear that 
there was a shift towards the red end and the less refrangible band 
of the salt was not so strong as that of the acid; and also the 
more refrangible band was better marked. Fig. 1, I (upper series) 
gives the curve for the salt. 7 

o-Acetoxybenzoic acid. The replacement of the hydrogen in the 
hydroxyl group by acetyl has produced a striking change in the 
absorption (Fig. 1, II, upper series). ‘The less refrangible band at 
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1/3650 (A2740) is much weaker and is shifted towards the more 
refrangible regions. When the spectrum is compared with that of 
salicylic acid or phenyl salicylate, the more refrangible band is 
represented by an extension of the rays from 1/24150 (22408) to 
1/24350 (22298). The general appearance of the absorption is not 
unlike that of benzoic acid and this is usually assigned to the 
benzene nucleus. 

Thymol salicylate. Benzyl salicylate. The bands of these two 
substances were similar to those of salicylic acid and phenyl salicyl- 
ate, and differed chiefly in position, corresponding to differences in 
their respective molecular weights. The three benzene bands of 
the benzyl nucleus do not appear as they do in such substances as 
dibenzyl carbamate and benzyl chloride (Purvis, J., 1914, 105, 
1372; 1915, 107, 496). The curves have not been reproduced. 

Camphor salicylate. The curve (Fig. 1, ITI, upper series) shows 
that the two bands of the acid have not been very much affected. 
The differences are that the less refrangible band is not so strong 
as that of salicylic acid or of phenyl salicylate, and the more 
tefrangible band is weaker. Camphor has a weak band at 1/23480 
(22870) as described by Baly, Marsden, and Stewart (J., 1906, 89, 
979) and confirmed by Hartley (J., 1908, 93, 961) and by the author 
(J., 1915, 107, 643). 

Theobromine ; theobromine salicylate ; theobromine o-acetoxybenz- 
oaie. Caffeine; caffeine salicylate. Hartley (J., 1905, 87, 1796) 
describes the absorption spectra of theobromine and caffeine. 
His photographs show a definite band in theobromine but not in 
caffeine. In the text he states that ‘“‘ there is a sudden lengthening 
of the spectrum and its enfeeblement between 1/3675 (22720) and 
1/43794 (22635), as if an absorption band was indicated hereabouts 
of a very feeble or ill-defined character.’’ The author has repeated 
the observations and finds that caffeine has a definite band like 
that of theobromine, but shifted a little more towards the red end. 
The curves of theobromine and its salts (Fig. 1, I, lower series) 
show that the rays passing through theobromine salicylate rapidly 

tep out between 1/3030 (A3298) and 1/23350 (22980), and there 
is a band at 1/23650 (A2740). It is obvious from this that the acid 
nucleus exerts some influence on the absorption. The curve of 
theobromine o-acetoxybenzoate shows considerable differences. 
It is not unlike that of theobromine itself but narrower, and the 
ultimate effect is comparable with that of salicylic acid and 
o-acetoxybenzoic acid described above. 

Solutions of caffeine and caffeine salicylate show similar pheno- 
mena to theobromine and theobromine salicylate. 
| Caffeine benzoate : caffeine citrate: caffeine hydrochloride. Solu- 
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tions of these salts give results like those of the base itself, except 
in regard to the positions of the bands, which vary according to the 
molecular weights: The author (J., 1915, 107, 966) showed that 
benzoic acid has a weak band at 1/3600 (42770), and also that 
there was a rapid step-out of the rays from about 2320 into the- 


Bre. 2. 


Oscillation frequencies. 
30 32 34 36 38 40 42 44 


Relative thicknesses in mm. - 


Logarithms of relative thicknesses. 


Upper curves. Lower curves. 
I Phenazone. I (continuous) Quinine. 
Il Phenazone salicylate. II (dash) Quinine salicylate. 4 


III (dash and dot) Quinine o-acetoxrybenzoate. 


Schumann region. Hartley and Hedley earlier (J., 1909, 91, 314) 
had indicated the presence of the weak band only. It is clear, 
therefore, that the acid nucleus has not affected the general fo ma 
of the caffeine absorption. Neither citric acid nor hydrochlorie 
acid gives specific absorption in these ultra-violet regions. The 
curves have not been reproduced. _ 

Phenazone ; phenazone salicylate. The curve shows (Hig. 2, upper 
curves) that phenazone has two wide bands at 1/3600 (4277 )) 
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and 1/24150 (2409). The salt shows a rapid extension of the rays 
between 1/8050 (43270) and 1 /23260 (48066), and two weak bands 
at 1/3400 (22940) and 1/24100 (42438). As in theobromine and 
caffeine, the rapid extension of the rays may mean the remnant of 
the less refrangible band of salicylic acid. 

Quinine, quinine salicylate, quinine o-acetoxybenzoate. Hartley 
(Phil. Trans., 1885, 176, 471) first described two bands in solutions 
of quinine at about 1/23100 (23225) and 1 /23600 (42770). Dobbie, 
Lauder, and Fox (J., 1911, 99, 1254: 1912, 101, 77) described a 
third weak band at 1/13740 (42670). The author has repeated these 
experiments and finds only a very weak indication of this third 
band. The curves (Fig. 2, lower curves) show that the original 
quinine bands have suffered some changes in strength and position 
in the salicylate. Both the bands of the salicylate are weaker than 
those of the base. In the case of the o-acetoxybenzoate there is a 
return to phenomena not unlike those of the base itself, and there 
is a shift back nearer to the latter. These changes are comparable 
(although the differences are not so great) with those of salicylic 
acid and o-acetoxybenzoic acid and of theobromine and its salts 
described above. The rapid extension of the rays from 1/4100 
is noticeable in all three substances. 

Resulis—The chief results of these observations are: (1) the 
bands of phenyl, benzyl, thymol, and camphor salicylates are com- 
parable with those of salicylic acid: the differences from the latter, 
and irom one another, being chiefly in position and strength; (2) 
the basic nucleus is the chief agent in the specific absorption of the 
benzoate, citrate and hydrochloride of caffeine; (3) in the salicyl- 
ates of theobromine, caffeine, phenazone and quinine, the acid 
nucleus modifies that of the basic nucleus to a larger extent, but least 
in the quinine compound : (4) in o-acetoxybenzoic acid, and in the 
9-acetoxybenzoates oi theobromine and quinine the replacement 
of the hydrogen of the hydroxyl group by the acetyl group exerts 
4 very great influence on the final absorption. 

It is clear, therefore, that the specific and the general absorption 
of these substances depend upon three factors; (a) the nature of 
ihe base, (6) the nature of the acid, and (c) the presence of hydrogen 
n the hydroxyl group. Now benzoic acid has a very weak band at 
L/A3600 (42777) and phenol a very strong one at 1/3670 (22720). 
he carboxyl group in the one and the hydroxyl group in the other 
lestroy the well-known bands of benzene: and the hydroxyl group 
‘eplaces these by a much stronger one than is produced by the 
arboxyl group. It appears from these experiments that the 
eplacement of the hydrogen atom of the hydroxyl group by another 
adical, not itself possessing any specific absorption, decreases the 
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absorption capacity of the other parts of the molecule: or, to 
put it another way, the vibration of this hydrogen atom is a very 


powerful factor in the absorption. 


Pusitic HeattH CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, September 14th, 1925.] 


CCCLXXXIL—The Possible Enhanced Activity of 


Newly-formed Molecules. 


By Frank Ropert Goss and CHRISTOPHER KELK INGOLD. 


In the course of investigations carried out during the past few 


years, the authors have frequently been unable to confirm an 
apparently obvious reaction mechanism by preparing the supposed 
intermediate products and subjecting them to the conditions of 
the original experiment; the substances either remained unaltered 
or behaved differently from expectation. Similar experiences have 
been recorded by others, and the phenomenon appears sufficiently 
widespread to give some support for the suggestion that intermedi- 
ates may be produced in a reactive condition in which they are 
capable of changes which cannot occur after the energy associated 
with the formation of the compound has been dissipated. This 
hypothesis of “ nascent molecules ” is, of course, not new; but it 
is one which should be accepted only after conclusive evidence 
has been furnished, and whilst it is not claimed that the observations 
recorded in this paper constitute sufficient grounds for embracing 
so far-reaching a hypothesis, they appear to possess some sig- 
nificance from this point of view. 

Two mechanisms suggest themselves for the formation of the 
cyclobutane ester (IV) (Markovnikov and Krestovnikov, Annalen, 
1880, 208, 334) from «-chloropropionic ester (I) and sodium eth- 
oxide : the elimination of hydrogen chloride is either inter-molecular, 
in which case y-chloro-«-methylgluteric ester (II) is the inter- 
mediate product, or intramolecular, ethyl acrylate (III) being first 
formed : 

CH,CHCI-X 
CH,-CHCI-X } is X*CH°CH; (II.) XY CH,CH-X 
X:°CHCLCHs, (1.)J\ CH,:CH-X a X:CH--CH,  (IV.)) 
X:-CH:CH,  (II1.)/ . 
(X=CO.Et) 


The chloro-ester (II) has been prepared and subjected to the 
action of sodium ethoxide under the same conditions. It gave no 
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' detectable quantity of the cyclobutane ester, but, on the other 
hand, yielded the cyclopropane ester (V), together with the lactonic 
ester (VI), the unsaturated ester (VII) and the ethoxy-ester (VIII). 


-CH‘CO,Et CH(CO,Et)-0 
ay Jee es 2 H.C 2 VL) 
2 ~C(CH)*CO,Et : <GH(cH)—Co 
CO,Et-CHMe-CH:CH-CO,Et  CO,Et-CHMe-CH,-CH(OEt)-CO, Et 
(VII.) (VIIL.) 


_ Acrylic ester (III) was treated in a similar manner. Again no 
cyclobutane ester could be detected, but only its unsaturated 
isomeride, «-methyleneglutaric ester ({X), which was the chief 
product apart from 8-ethoxypropionic ester (X). 


(X.) CO,Et-CH,-CH,-C(:CH,)-CO,Et EtO-CH,-CH,-CO,Et (X.) 


Although these experiments provide no direct evidence of the 
intervention either of (II) or of (III) in the series of changes leading 
to the cyclobutane ester (IV), it may not be inappropriate to suggest 
that if the later change depends on the energy of formation of the 
intermediate, probably it is acrylic ester that acts in this way ; 
for not only are four-membered rings produced on the whole more 
easily by additive synthesis than by the closure of a chain, but 
also the double linking in acrylic ester is more likely to derive 
temporary activity from its own formation than are the chlorine 
or methyl-hydrogen atoms of (II) from a reaction in which they 
are not directly concerned. In this connexion, the suggestion may 
tentatively be advanced that the double bond in acrylic ester is 
possibly semi-polar when first produced (which it would be if 
hydrogen and chlorine were removed from chloropropionic ester, 
not as atoms, but as ions), although it is undoubtedly non-polar 
in the ordinary substance (Sugden, Reed, and Wilkins, this vol., 
p. 1525). 

It has been observed (J., 1922, 121, 1552) that a-campholenic acid 
(XI) when warmed with an alkaline suspension of silver oxide 
becomes partly converted into camphor (XIII), and the suggestion 

as advanced that reduction to dihydrocampholenic acid (XII) 
first occurred. This reaction has again been investigated and 
both cis- and trans-dihydrocampholenic acids have been subjected 
to similar experimental conditions; both, however, remained 
unaltered. 


OsH,,°CH,"CO,H —> O,H,,-CH,-CO,H —> CHu< tn 
(XI) (XII) (XIII) 


Other cases have been observed in connexion with the opening 
wf the cyclopropanol ring. It has been shown that methoxy- 
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cyclopropanes on treatment with demethylating agents yield first 
cyclopropanols, which may undergo further conversion into open- 
chain ketones, the extent of the latter reaction being limited by 
its reversibility and the consequent equilibrium, which varies from 
case to case : 
C-OMe C-OH CO- 
Cx & siete) | | OL és —> Os | 

In the case of the methoxy-ring acid (XIV), the corresponding 
keto-acid is, of course, acetosuccinic acid (XV), which, if acid is 
used as demethylating agent, passes into levulic acid with loss of 
carbon dioxide. It is more remarkable, however, that when 
concentrated alkali is employed, levulic acid is still the sole product, 
although acetosuccinic esters yield mainly succinic and acetic acids, 
and only a small proportion of levulic acid, under these conditions. 
On the other hand, if alkali of the same strength is used to open 
the ring in the cyclopropene acid (XVI)—a reaction which, in view 
of the known tendency of glutaconic acids to add on water in the 
presence of alkalis, giving @-hydroxy-acids (e.g., XVII), can scarcely 
be supposed to proceed otherwise than through acetosuccinic acid— 
only succinic and acetic acids are produced. | 


¥ C(OMe):CH CO-CH 

xTy. CH 8 He het be 

( OB Me He: SGH-CO,H CO,H. CHS Ga, -CO,H ( 

(XVI. wcH< f° CHs H: O(OH)-CHs = ¢xvit. 
) CO,H-C Hise at CO, CH< -CO,H (XVIL) 


Whilst the mechanism formulated below has been established as 
the most probable one for the formation of Balbiano’s acid (X XI) 
from camphoric acid (XVIII) by oxidation, Pandya and Thorpe 
(J., 1923, 123, 2858) synthesised the intermediate hydroxy-ring 
acid (XX) but could not convert it into Balbiano’s acid. Although 
working with other ends in view, they were struck by this and 
suggested that the real intermediary was the opposite stereo- 
isomeride to that which they had synthesised; it can, however, 
readily be seen from models that the intervening hydroxy-acid 
should possess precisely the configuration of the acid which Pandya 
and Thorpe synthesised and found unreactive. Other similar 
instances involving the failure of a ring to open have been recorded 
from time to time and some of these are now under investigation. 


CH,-CMe-CO,H HO-CMe-CO,H 
(XVIIL) | (Me, ae CMe, (XIX.) —> 
CH,-CH:CO,H. HO-CH:CO,H 


CMe:CO,H CHMe:CO,H a 
(XX.) CM 2 ™M. 2 XXL) 
°0H)-CO,H —> CMe,< i" ( 
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EXPERIMENTAL. 


Action of Sodium Ethoxide on Ethyl «-Chloropropionate.—Ethyl 
«-chloropropionate, prepared from pure, dry lactic acid (Briihl, 
Ber., 1876, 9, 35), was treated with sodium ethoxide as described 
by Markovnikov and Krestovnikov (loc. cit.) and by Haworth and 
Perkin (J., 1898, 73, 336). To 20 g. of the ester at 80°, dry sodium 
ethoxide (10 g.) was added in small portions; the temperature was 


finally kept at 100° for 3 minutes, and after cooling the product was 


poured into dilute acid and isolated by extraction with ether. As 
stated by Markovnikov and Krestovnikov, it consisted mainly of 
ethyl «-ethoxypropionate, b. p. 50°/4 mm. This was converted 
into its amide, which melted at 63° after crystallisation from petrol 
(b. p. 40—60°) and was identified with that described by Wurtz 
(Ann. chim., 1860, 59, 174) (Found: ©, 50-9; H, 10-0. Cale., 
C, 51:2; H, 95%). The remainder (about 10%) of the product, 
b. p. 120°/4 mm., consisted of the cyclobutane-1 : 3-dicarboxylic 
ester, which was converted by hydrolysis into the corresponding 
acid, m. p. 170°, as described by Markovnikov and Krestovnikov. 

Action of Sodium Ethoxide on Ethyl a«-Chloro-y-methylglutarate.— 


_ Kthyl «-chloro-y-methylglutarate (this vol., p. 393) was prepared 
_ by treating the lactone of ethyl «-hydroxy-y-methylglutarate with 


phosphorus pentachloride and pouring into alcohol. The decom- 
position with sodium ethoxide (12 g. and 40 g. of the ester) was 


_ carried out as described above, and the product was completely 


hydrolysed. The acids were digested for some days with an aqueous 
Suspension of precipitated calcium carbonate, and the filtered 


_ solution was concentrated and allowed to crystallise; the calcium 


salt of the trans-cyclopropane acid (m. p. 168°) then separated. The 
filtrate from the calcium salts was worked up for organic acids, 


_ which were converted through their silver salts into benzyl esters. 


The portion of these boiling below 240°/15 mm. yielded the original 


lactone on hydrolysis. By distillation at 1 mm. the less volatile 


; 


—_— 


esters were separated into a small preliminary fraction from which 
on hydrolysis «-methylglutaconic acid together with a liquid 
acid (probably the ethoxy-acid described below) was obtained, and 


_ 2 fraction (32 g.), b. p. 230—260°, which on hydrolysis gave a liquid 
_ consisting, as analysis indicated, mainly of the ethoxy-acid. This 


_ was purified by careful distillation of the ethyl ester, b. p. 126— 


129°/12—14 mm. (Found: C, 58-1; H, 9-0. ©,,H,,O,; requires 


OC, 58-5; H, 8-9%); the liquid acid was recovered by hydrolysis 


(Found: C, 50-2; H, 7:5. C,H,,0; requires C, 50:5; H, 7;3%). 
Action of Sodium Ethoxide on Ethyl Acrylate—Ethyl acrylate 


' was prepared from ethyl «$-dibromopropionate by Réhm’s method 
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(Ber., 1901, 34, 573). The reaction was carried out exactly as 
described in the case of ethyl «-chloropropionate, except that for _ 
20 g. of ester 15 g. of sodium ethoxide were employed. The products 
were isolated in an identical manner and again consisted to the 
extent of nine-tenths of a liquid distilling at 50°/4 mm. and one- 
tenth of a liquid distilling at 120°/4 mm. The former was shown 
to be ethyl B-ethoxypropionate (compare Purdie and Marshall, 
J., 1891, 59, 475) by conversion into the corresponding amide 
described by Kilpi (Z. physikal. Chem., 1912, 80, 184), which was 
crystallised from water; m. p. 50° (Found: C, 50-6; Hi TOK 
Calc. for C;,H,,0,N, C, 51-2; H, 9-54). The high-boiling fraction 
consisted of ethyl «-methyleneglutarate and yielded on hydrolysis 
the corresponding acid, m. p. 130° (Réhm, Ber., 1901, 34, 427). 

a-Campholenic Acid and «-Campholenamide.—dl-Campholeno- 
nitrile, b. p. 100°/5 mm., was prepared by the method of Tiemann 
(Ber., 1895, 28, 2167) from d-camphoroxime, and obtained in 
75% yield. It was converted into a mixture of the acid and amide 
by boiling 3 g. with a solution of 5 g. of potassium hydroxide in 
25 c.c. of ethyl alcohol. Addition of water precipitated the amide, 
m. p. 122°, and more was obtained by extracting the filtrate. The 
acid extracted after acidification of the mother-liquor distilled 
at 137°/1 mm. 

a-Campholanic Acid.—The cis-acid was prepared by the reduc- 
tion of «campholenic acid with hydrogen and platinum black 
(Lipp, Ber., 1922, 55, 1883). It was distilled at 140°/1 mm. 

The trans-acid was obtained by reducing «-campholenamide in 
the same way (loc. cit.) and hydrolysing the «-campholanamide first 
formed by boiling for 50 hours with 3 g. of potassium hydroxide in 
15 c.c. of alcohol. The acid was distilled at 141°/1 mm. 

Action of Silver Oxide on «-Campholenic Acid and a-Campholanic 
Acid.—a«-Campholenic acid and cis- and trans-«-campholanic acids 
were added in separate experiments to a suspension of 2-5 g. of 
silver oxide in a solution of 0-5 g. of calcium oxide in 25 c.c. of 
water. In the experiment with «-campholenic acid, the silver 
oxide was rapidly reduced and the amount of camphor deposited 
in the condenser reached a maximum after 4 hours’ heating. The 
saturated acids, however, gave no trace of camphor under similar 
conditions even after several days, and the silver oxide remained 
apparently unaltered. 

Action of Hydrochloric Acid on 3-M ethoxy-3-methylcyclopropane- 
1: 2-dicarboxylic Acid—The acid, prepared as described by Goss, 
Ingold, and Thorpe (J., 1923, 123, 3358 ; this vol., p. 468), was 
boiled for 2 hours with ten times its weight of 20% hydrochloric 
acid. From the product a quantitative yield of levulic acid was 
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obtained, which was identified by direct comparison and through 
its semicarbazone and phenylhydrazone, the m. p.’s of which were 


not depressed by admixture with genuine specimens of the respec- 


tive substances. The lactone of 3-hydroxy-3-methylcyclopropane- 
1 ; 2-dicarboxylic acid was unaffected by this treatment. 

Action of Potassium Hydroxide on 3-M ethoxy-3-methylcyclo- 
propane-1 : 2-dicarboxylic Acid—The acid was boiled for 30 minutes 


_ with 64%, aqueous potassium hydroxide. From the cooled solution 


ee 


ether extracted levulic acid, which was identified as described above, 
The lactone of 3-hydroxy-3-methylcyclopropane-1 : 2-dicarboxylic 
acid was unaffected by the same treatment. 

Action of Hydrobromic Acid on the Methoxy-acid : Formation of 
3-Methyl-A?-cyclopropene-1 : 2-dicarboxylic Acid.—The methoxy-acid 
was boiled for 1 hour with 20 parts by weight of concentrated 
hydrobromic acid, and the resulting solution was diluted and 
extracted with ether, methyleyclopropenedicarboxylic acid being 
obtained. 

Action of Potassium Hydroxide on 3-M ethyl-A?-cyclopropene- 
1 : 2-dicarboxylic Acid.—(1) The ring-acid was boiled for 2 minutes 
with 55% aqueous potassium hydroxide, and the solution was 
cooled, strongly acidified, and extracted with ether. Unchanged 
material was recovered. 

(2) The experiment was repeated, the time being increased to 
30 minutes. The product consisted of a mixture of the cyclo- 
propene acid and succinic acid, which were separated by fractional 
crystallisation and identified by direct comparison. 

(3) The ring-acid was boiled for 2 minutes with 64°/ potassium 
hydroxide. On working up for acids, a mixture of the cyclopropene 


acid and succinic acid was obtained. 


(4) I'he above experiment was repeated, the time being increased 
to 30 minutes. The solid product consisted solely of succinic acid. 
Acetic acid also was produced, but this was detected by qualitative 
tests only and was not purified. 


We desire to thank the Chemical Society for a grant which has 
defrayed part of the expense of this investigation. 


_ THE UNIversitry, LEEDs. [Received, May 21st, 1925.] 


5B2 


2782 READ AND COOK: 


CCCLX X XIIU1.—Researches in the Menthone Series. 
Part f. 


By Joun Ruap and Arison Mary Rrrourm Cook, 


Tur information hitherto available respecting d/-menthone is’ 
derived mainly from the work of Pickard and Littlebury on the 
catalytic reduction of thymol (J., 1912, 101, 109) and a note by 
Wallach on the catalytic reduction of synthetic dl-A'-p-menthen- 
3-one (Annalen, 1913, 397, 217). It is questionable whether a 
pure specimen of dl-isomenthone had been prepared and recog- 
nised as sueh prior to the work of Hughesdon, Read, and Smith 
on the reduction of piperitone (J., 1928, 123, 2916). The inactive 
menthone’’? prepared by Wallach gave the semicarbazone (m. p. 
212°) characteristic of dl-isomenthone, whilst the derived oxime 
(m. p. 79—80°) corresponded with di-menthone. These and other 
apparent inconsistencies in the literature of the subject have now 
been satisfactorily explained, and it has been found possible to 
convert di-piperitone at will into derivatives of either series. 
Alkaline reduction of di-piperitone (1, below) yields a mixture of 
liquid and solid menthols, in which it has not proved possible to 
detect dl-menthol or dl-neomenthol; a preliminary examination of 
the menthols concerned indicates that they are derived from 
dl-isomenthone rather than from dl-menthone. By means of the 
operations summarised below, this material was transformed suc- 
cessively to dl-isomenthone (3), dl-menthol (4), and d/-menthone (5). 
In a further series of operations (6, 7, and 8) a more direct passage 
from dl-piperitone to dl-isomenthone and d/-menthone was secured : 


(1) dl-Piperitone 


| | | | 
(Sodium and alcohol) (Hydrogen and palladium) 


(2) i isaMoushole 
hte acid) | 

(3) dl-isoMenthone (6) Pag esis 
(Sodium ‘an alcohol) (Sodium and alcohol) 

(4) dl-Menthol [+ dl-isoMenthols] (7) dl-Menthol [+ dl-7soMenthols] 
Pelee acid) (Chromic acid) 

(5) dl-Menthone (8) dl-Menthone 


The relationships may be explained on the basis of the establish- 
ment of definite dynamic equilibria between isomenthone and 
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menthone in the presence of alkali and under other influences. 
The main product of the alkaline reduction of dl-isomenthone is 
dl-menthol, which may be separated to a large extent in the crystal- 
line form from the associated liquid material. The latter is probably 
composed largely of dl-menthol, accompanied by a liquid mixture 
of dl-isomenthols. From the above considerations it is clear that 
by repeated oxidation and reduction this liquid by-product may be 
_used as a source of further quantities of crystalline dl-menthol. 
When di-menthol is oxidised by chromic acid in the final operation 
it yields practically pure d/-menthone, which shows little tendency 
to isomerise into dl-isomenthone in the presence of this reagent. 
By treating the resulting dl-menthone with alcoholic alkali, how- 
ever, it may be transformed into the equilibrium mixture of 
di-menthone and dl-isomenthone. Through the careful avoidance 
of disturbances due to the use of alkaline reagents it has been 
possible to prepare a number of pure derivatives of dl-menthone 
and dl-isomenthone, the melting points of which are indicated 
in the following summary : 


Derivative. dl-isoMenthone. di-Menthone. Wallach’s value. 
RTE Te Re 99—100° 81—82° 79—80° 
Benzoyloxime |. 1.....: tc20ha2% 55-5 72—73 69—70 
BeVOXIMNS Rs. ate eden eile cies 94—95 114—115 87—88 
Semicarbazone (a) ............ 225 185—186 219 
« sb cadhailtap er gates iwi: 161 ue 


The melting points of the semicarbazones of dl-isomenthone were 
observed by Hughesdon, Smith, and Read (loc. cit.). The values 
quoted in the last column suggest that the “inactive menthone”’ © 
described by Wallach (loc. cit.) consisted of dl-isomenthone, from 
which the oxime was prepared in an alkaline medium. dl-iso- 
Menthoneoxime is remarkable by reason of its capacity for forming 
well-developed crystals, so that for the first time it becomes 
possible to submit a menthoneoxime to a complete goniometric 
examination. dl-Menthone and dl-isomenthone may most readily 
be discriminated by preparing the oximes or semicarbazones in 
weakly acid solutions. 

Up to the present, attempts to reduce piperitone to menthol or 
menthone in an acid medium have been unsuccessful, the ketone 
being practically unaltered by such reagents as tin and concen- 
trated hydrochloric acid or zinc dust and glacial acetic acid. Dis- 
tinct evidence was obtained of the formation of an appreciable 
amount of dil-«-phellandrene during the alkaline reduction of 
dl-piperitone, the relationship being of particular interest in view 
of the occurrence together of the levo-modifications of these two 
substances in various eucalyptus oils. 
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EXPERIMENTAL. 


Products obtained through an Initial Alkaline Reduction of 
dl-Piperitone.—l. The piperitone used throughout this work was 
extracted from the essential oil of Hucalyptus dives, using sodium 
bisulphite (J. Soc. Chem. Ind., 1923, 42, 3397). | 

2. In order to avoid all possibility of the formation of optically 
active products, the piperitone (40 g.) was racemised by means of ~ 
alcoholic sodium ethoxide, prior to reduction with sodium and 
alcohol (J., 1923, 123, 2270, 2918). Altogether, 880 g. of dl-piperi- 
tone yielded 820 g. of crude menthol, which was submitted to two 
systematic distillations under diminished pressure. The first 
fraction (b. p. to 87°/10 mm.) had an odour similar to that of 
«-phellandrene: its physical characteristics (J., 1923, 123, 1660), 
together with the ready formation of a nitrosite melting at 106— 
107° and resembling that of dl-a-phellandrene, indicated that the 
fraction consisted essentially of this terpene. A further series of 
reductions carried out with piperitone which had been carefully 
freed from phellandrene by two successive fractional distillations 
under diminished pressure gave a crude product (223 g.) containing 
9-1°% of a similar fraction with the following physical characteristics : 
b. p. to 87°/10 mm., aj —1-58° (1-dem. tube), nis 1-4798. It 
therefore appears conclusive that dl-«-phellandrene is formed to an 
appreciable extent in the alkaline reduction of dl-piperitone. ‘The 
total yield of menthols was 42-4%. 

3. Upon oxidation with chromic acid (Annalen, 1889, 250, 325), 
a total quantity of 410 g. of the liquid product (b. p. 95—97° /10 mm.) 
yielded 332 g. of a liquid possessing the characteristic odour of 
menthone. When distilled twice under diminished pressure, 37% 
of the product distilled up to 82°/8 mm. («jj —0-18°, nj 1-4553), 
and 40% at 82—85°/8 mm. (aj) —0-34°, nj 1-4571). The latter — 
fraction was used in preparing the derivatives described below, and 
appeared to consist essentially of dl-isomenthone. 

4. Upon reduction with sodium and alcohol in the usual manner, 
a specimen of the dl-isomenthone just described (24-7 g.) yielded a 
product (24:0 g.) which distilled almost completely at 100—105°/15 
mm. Three distinct fractions, each boiling over a range of one 
degree between 102° and 105°/15 mm. and having nis — 1-4640, 
deposited crystalline material on cooling, the liquid becoming 
permeated in each instance with fine radiating needles reaching a 
length of 2 cm. When separated and dried on porous plate, the 
three specimens melted at 32—34° and yielded the characteristic 
dl-menthyl hydrogen phthalate. 

5. The menthone obtained by oxidising the crystalline d/-menthol 
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from the preceding operation resembled the product described 
under (8) below, and thus consisted essentially of dl-menthone. 

Products obtained through an Initial Catalytic Reduction of 
dl-Piperitone—6. Carefully purified dl-piperitone (50 g.) was 
hydrogenated at the ordinary temperature, under a pressure of 
0-25 atmosphere, in presence of colloidal palladium (J., 1923, 123, 
2921). ‘The mixed yields from four operations, when systematically 
_ distilled under diminished pressure, gave a main fraction, b. p. 

90—93°/18 mm., nj 1:4580; this was optically inactive and 
appeared to be practically identical with product (3), thus con- 
sisting of dl-isomenthone. 

7. Upon reducing 18 g. of the preceding product with sodium 
and alcohol, a yield of 15-5 g. of crude menthol was obtained. This 
failed to crystallise, but when fractionally distilled the portion 
passing over at 107—112°/23 mm. (9°3 g.) furnished 2:3 g. of crystals, 
which possessed the pronounced odour of ordinary menthol and 
melted at 32—34°. Not only these crystals but also a liquid 
fraction of somewhat lower boiling point (105—107°/23 mm.; 
ni) 1-4686) yielded the characteristic dl-menthyl hydrogen phthalate 
(Pickard and Littlebury, loc. cit.). 

8. dl-Menthol (m. p. 32—34°; 54 g.) was oxidised with chromic 
acid in the usual manner, except that the temperature was raised 
to 70° in order to decompose the black, crystalline chromium 
compound. The crude product (45-1 g.), when distilled, passed 
over almost completely at 85—89°/12 mm., and had nj” 1-4541. 
The preparation of the derivatives described below showed it to 
consist essentially of dl-menthone, so that it was identical with 
product (5) and differed from products (3) and (6). dl-Menthone 
possesses a characteristic peppermint odour, which is if anything 
even more pronounced than that of /-menthone. dl-isoMenthone, 
on the other hand, has a decidedly fainter odour of the same general 
character. 

Derivatives of dl-isoMenthone.—dl-isoMenthoneoxime was pre- 
pared from dl-isomenthone (b. p. 82—85°/8 mm.) obtained in 
preparation (3) above, by treatment in the usual way with hydroxy]- 
amine acetate (J., 1922, 121, 586): 92-4 g. of the ketone yielded 
100-4 g. of crude oxime, which crystallised partly when kept for a 
short time in a vacuum desiccator. The crystalline material 
(35 g.), dried on porous plate, melted indefinitely between 85° 
and 90°, but attained a constant m. p., 99—100°, after three 
recrystallisations from warm light petroleum. The substance is 
readily soluble in organic solvents, but when pure it crystallises 
from light petroleum with great ease in magnificent, transparent 
‘prisms, distinguished by their high lustre, The crystals were 
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kindly measured by Mr. T. V. Barker, M.A., of the Departure of 
Mineralogy, University of Oxford, who reports that they are 
anorthic with forms a, m, b, M, c, Q, and rarely O, developed in 
the proportions indicated by Fig. 1. The elements a:b:¢ = 


9-049: 1:1-281; « = 112° 12’, 8 = 116° 17’, y = 86° 57’, were 
computed from the following results of measurement of four crystals : 

a(100). m(110). (010). (110). c(001). Q(011). O(111). 
ro Wea cam gis Uv Cerna ti ORO: 0° 0’ *67° 48’ *134° 18’ 134° 18’ 


op... 0 0 56 51(14) *82 6 *110 17 *62 48 75 28(3) 62 18(20) 


Optically the extinction is nearly straight with the vertical edge, 
and an optic axis lies just within the field (Found: C, 71-1; H, 
11:1. Cj, 9H,,ON requires C, 71-0; L286) 

The mother-liquors from the recrystallisation of the oxime 
deposited an oily product when con- 
centrated by evaporation; when kept 
for some time, this material furnished 
a further quantity of the crystalline 
oxime described above, but no other 
crystalline oxime could be isolated. 
The lower fraction of dl-isomenthone 
(b. p. to 82°/8 mm,) from preparation 
(3) behaved similarly when oximated. 

dl-isoMenthone prepared by the 
catalytic reduction of dl-piperitone (6) 
gave a similar product, which, however, 
furnished a considerably higher pro- 
portion of the crystalline oxime. 

Hilise We eniionesatine Fractions melting indefinitely between 

60° and 75° were obtained from the 

mother-liquors, but no indication was forthcoming of the aac 
in these of d/-menthoneoxime. 

Benzoyl-dl-isomenthoneoxime was prepared, by benzoylation in 
pyridine solution, as a viscid oil which was induced to crystallise 
with great difficulty. The crude product, after drying on porous 
plate, melted at 52—54°, After three successive recrystallisations 
from light petroleum, in which the derivative is very soluble, the 
melting point became constant at 55-5°, the pure substance separat- 
ing in massive, transparent prisms suitable for goniometric ex- 
amination. ‘The product obtained by benzoylating the oily mother- 
iquor from the crystalline oxime could not be induced to crystallise 
(Found: C, 74:7; H, 8-9. C,,H,,0,N requires C, 74-7; H, 8:89) 

dl-isoMenthoneisooxime, prepared by dissolving crystalline dl-iso- 
menthoneoxime in cold concentrated sulphuric acid (Wallach, 
Annalen, 1894, 278, 304), crystallised from hot water containing 


Fia. 1. 


oa 
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a little alcohol in fine, glistening needles, m. p. 94—95°. The 
product of the reaction appeared to be homogeneous (Found : 
C, 70-2; H, 11-1. Cy H,,ON requires C, 71:0; H, | EAT 
Derivatives of dl-Menthone.—dl-Menthone from preparations (5) 
and (8) above, when oximated in the manner described for piperitone 
(J., 1922, 121, 586), yielded di-menthoneoxime (m. p. 81—82°) 
associated with a considerable amount of oily material. Unlike 
the stereoisomeric dl-isomenthoneoxime, this derivative could not 


_ be obtained in crystals sufficiently well developed for goniometric 


examination. 

Attempts to benzoylate the crystalline oxime by the Schotten- 
Baumann method gave unsatisfactory results, but by the use of 
pyridine an oily product was obtained, which after extraction with 
ether and keeping in a vacuum desiccator crystallised spontaneously. 
The substance crystallised from light petroleum in small, trans- 
parent plates or glistening prisms, m. p. 72—73°. Benzoyl-dl- 
menthoneoxime is very soluble in all the usual organic solvents; 
it does not form such well-developed crystals as benzoyl-di-iso- 
menthoneoxime (Found: C, 74:7; H, 8-6. C,,H,,0,N requires 
C, 74-7; H, 88%). The oily material from the mother-liquor 
of the crystalline d/-menthoneoxime yielded a viscid liquid when 
benzoylated in pyridine solution. 

dl- Menthoneisooxime, prepared from crystallised dl-menthone- 
oxime in the manner indicated above, crystallised from hot water 
containing a little alcohol in fine, soft needles, m. p. 114—115°, 
and was readily obtained pure (Found: ©, 69:9; H, 10-9. 
Ci9H,,ON requires C, 71:0; H, 11-2%). | 

Upon allowing di-menthone (10-5 g.) to react with semicarbazide 
in the manner described in a previous paper (J., 1923, 123, 2920), 
a crystalline product (10-2 g.) was readily isolated. By continued 
fractional crystallisation from hot methyl alcohol a small fraction 
of dl-menthone-«-semicarbazone was eventually obtained: this 
forms characteristic and well-defined, glistening prisms, m. p. 185— 
186° (Found: C, 62-1; H, 10:2. C,,H,,ON, requires C, 62-5; H, 
10:0%). The bulk of the product, however, consisted of small, 
glistening needles of dl-menthone-@-semicarbazone, m. p. 161—162°; 
this derivative is more soluble than the isomeric compound (Found : 
C, 62-7; H, 103%). No semicarbazone characteristic of dl-iso- 
menthone could be isolated from this product; an intermediate 
product melting at about 177°, when mixed with dl-isomenthone- 
8-semicarbazone (m. p. 177—178°; J., 1923, 123, 2922), softened 
at 158° and melted indefinitely between 169° and 176°. It may be 
remarked that dl-isomenthone-«-semicarbazone (m. p. 225°) is by 


far the least soluble of the semicarbazones of the optically inactive 
5 B* 


Bis 
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menthones; its absence from the above reaction-product thus 
affords a criterion of the freedom of the specimen of dl-menthone 
from dl-isomenthone. 


We express our thanks to the Department of Scientific and 
Industrial Research for a maintenance grant to one of the authors 
(A.M.R.C.). The investigation is being continued. 


UNITED COLLEGE, 
Universiry or St. ANDREWS. [Received, July 6th, 1925.] 


CCCLXXXIV.—The Ionic Activity Product of Water 
in Glycerol-Water Mixtures. 


By James COLVIN. 


MEASUREMENTS have shown that a very marked increase occurs in 
the activity of hydrogen ion derived from hydrogen chloride in 
aqueous solution in the presence of a solvent-displacing agent, 
generally a non-electrolyte such as sucrose or glycerol (Moran and 
Lewis, J., 1922,121, 1613). Itis of interest, therefore, to determine 
the activities of hydrogen and hydroxy] ions in a solution containing 
a substance such as glycerol, with a view to obtain the value of the 
ionic activity product of water, i.e., the product of the hydrogen- 
and the hydroxyl-ion activities. Should the product remain 
constant, independent of the concentration of glycerol, it would 
permit of the determination of hydroxyl-ion activities by the 
hydrogen electrode, which is in many cases more convenient to 
use than a direct hydroxyl-ion electrode, such as the Donnan- 
Allmand electrode. 

Measurements of the activities of hydrogen and hydroxyl ions 
were therefore carried out in solutions of N/100-sodium hydroxide, 
containing various amounts of glycerol. 


EXPERIMENTAL. 


The sodium hydroxide solution was prepared from metallic 
sodium and water free from carbon dioxide. The glycerol had been 
previously employed for conductivity measurements. For the 
measurements of the H.M.F. of the cells, a Cambridge—Paul 
potentiometer, reading to 0-1 millivolt, was used in conjunction 
with a mirror galvanometer. To avoid stray currents, the potentio- 
meter and galvanometer were mounted on glass, insulated from 
earthed iron sheets by paraffin wax. The cells were maintained 
in a thermostat at a temperature of 25° + 0:05". 
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The Activity of Hydrogen Ion in Aqueous Solutions of Sodium 
Hydroxide and Glycerol.—The cell employed was of the following 

_ type: 
_ Pt | N/100-NaOH 


H, Glycerol | Sat. KCl | N-Calomel | ae 


The electrode consisted of platinum foil, coated with platinum 
black, and was placed for 10 minutes in boiling water before use, 

_ following the procedure of Allmand (J. 1009, 95," 2151)" Phe 
hydrogen gas was prepared by the electrolysis of a solution of 
caustic soda and was washed by passing through a wash-bottle 
containing the solution under investigation. The gas thus being 
saturated with water vapour at the same pressure as the vapour 
pressure of the solution in the cell, no concentration changes could 
occur in the solution due to evaporation. 

As some doubts have been expressed as to the trustworthiness 
and reproducibility of the hydrogen electrode in alkaline solution, 
it was thought advisable to carry out some preliminary measure- 
ments on the cell, 


— £2 | /10-NaoH | Sat. KCI | N-Calomel | + 


_ The following results were obtained : 


BEE osies can sethitens 1 2 3 4 5 6 
£.M.F. (volts) 1-0412 1-0415 1-0411 1-0412 1-:0415 1-:0411 


The mean value of the #.M.F., 1-0413 volts, is in satisfactory 
agreement with the value, 1-0416 volts, obtained by Harned (J. 
Amer. Chem. Soc., 1916, 37, 2460). 

As the reproducibility of the hydrogen electrode was thus satis- 
factorily demonstrated, measurements were made, using NV /100- 
sodium hydroxide in presence of various amounts of glycerol. As 
the quantity of glycerol in the solution increased, a longer time 

_ was required for the electrode to attain equilibrium; in all cases, 
however, the values could be reproduced. The activities of the 
_ hydrogen ion were calculated by means of the formula mg. = 
0-282 + 0-059 log,oau-. The absolute potential of the calomel elec- 
trode was taken to be 0-56 volt at 18°. The temperature coefficient 
of the electrode is 0-00068 volt per degree, hence the value at 25° 
1s 0-5648 volt (compare Chroustchov and Sitnikov, Compt. rend., 
1889, 108, 941). 
The results obtained are in Table I. 
The glycerol produces a very marked increase in the activity of 


_ hydrogen ion in the solution of alkali. 
a 5 B* 2 


7 


. 
le 
'} 


2790 COLVIN : THE IONIC ACTIVITY PRODUCT 


TABLE I. 
G. of glycerol E.M.F. in 
per 100 c.c. volt.“ — Wr. Gao ROU 
0-0 0:9870 04222 1-16 
12°6 0:9661 04013 2-62 
20:0 0:9580 0:3932 3°60 
25-2 0:9530 03882 4:40 
40:0 0:9406 0:3758 7-06 


The Activity of Hydroxyl Ion in Aqueous Solutions of Sodium 
Hydroxide and Glycerol.—The electrode employed was that described 
by Donnan and Allmand (J., 1911, 99, 845) and consists essentially 
of a layer of mercuric oxide superimposed on a layer of mercury, 
the electrode vessel then being filled with the solution under 
investigation. The electrode reaction is given by the equation 


HgO -- H,O + 2E = Hg + 20H’, 


so that the equation for the electrode potential becomes 


KP lo Aug X Cow 

oF ea 

where H', is the electrode potential in solutions where all the 
activities are equal to unity. Since the activities of the mercury 
and solid mercuric oxide are constant, they may be included in the 
first term on the right-hand side. For dilute solutions, the activity 
of the water remains sensibly constant. Hence the equation for 
the electrode potential in dilute solutions may be written 


Ton = Ey — 0-059 log.o Aon: 


The value of the term Hy) was determined experimentally by the 
following method. The #.M.F. of the cell 


_ Hg, Hg0 | N'/10-KOH | Sat. KCl | N-Calomel 


-|- 


was found to be 0:1178 volt at 25°. This gives the value 0-4470 
volt as the electrode potential in V//10-potassium hydroxide. The 
activity of hydroxyl ion in the solution can be obtained from the data 
of Knobel (J. Amer. Chem. Soc., 1923, 45, 70) for the mean activity 
of potassium hydroxide in aqueous solution. On the assumption 
that the potassium ion has the same activity in solutions of potass- 
ium hydroxide and of potassium chloride of the same concentration, 
by employing the data of Noyes and MacInnes (J. Amer. Chem. Soc., 
1920, 42, 239) for the activity of potassium ion in potassium chloride 
solutions, the value 0-0825 is obtained for the activity of hydr- 
oxyl ion in N/10-potassium hydroxide. By putting this value in 
the expression for the electrode potential, the value 0-3823 volt is 
obtained for £5. 
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When glycerol is present, however, it is no longer justifiable to 
equate the activity of the water to unity. The expression for the 
electrode potential becomes 


Tow = Eo ot. (0-059 /2) logo y.0 — 0:059 logyo Qon’s 


in which £» has the value found above. 
Measurements with the Donnan—Allmand Electrode—The mercury 


_ used in the cells was distilled in a vacuum. The mercuric oxide 


was prepared by heating the nitrate until no more brown fumes 
were evolved. The nitrate itself was prepared by acting on re- 
distilled mercury with nitric acid (d 1-2) and recrystallising from 
nitric acid. The product thus obtained gave very reproducible 
results. 

At first a large electrode vessel was used, but was soon discarded 
in favour of a smaller type, as equilibrium was then more readily 
attained. The cells set up were of the type 


— Hg, H,0 a letysetel t Sat. KCL | NV-Calomel | + 

In ali cases, readings of the H.M.F. were taken at intervals of 
24 hours from the time of setting up the cell. In general, with 
N /100-sodium hydroxide alone present, equilibrium was attained 
within 48 hours. With glycerol present, the #.M.F. declined 
with time, hence a series of readings taken at intervals of 24 hours 
for the first 3 days were averaged to give the #.M.F. of the cell. 
As five cells for each concentration of glycerol were set up and the 
readings averaged, considerable confidence is placed in the results, 


which are in Table II. The activity of the water in glycerol-water 


mixtures may be obtained from the vapour pressure data of Perman 


b 


and Price (Trans. Faraday Soc., 1912, 8, 74) at 70°. The activity 
of the water, which may be taken as the ratio of the vapour 
pressure of the solution to the vapour pressure of the solvent, is 
regarded as independent of the temperature (Lewis and Randall, 
“ Thermodynamics,” p. 349). 


TaBLe IT. 
G. of glycerol ‘ 
per 100 e.c. E.M.F. TOW’: Aie0- Gow X 10°. 
0 0-0604 0:-5044. 1-00 0-883 
12-6 0:0394 0-5254 0:98 0-373 
20-0 0-0314 0-5334 0-96 0-270 
25-2 0-0266 0-5382 0-94. 0-221 
40-0 0:0147 _ 05501 0-89 0-135 


The glycerol produces a marked decrease in the activity of the 
hydroxy] ion. 


29792 COLVIN: THE IONIC ACTIVITY PRODUCT OF WATER, ETC. 


The Ionic Activity Product of Water—Sufficient data have now 
been obtained to calculate the ionic activity product and also the 
dissociation constant of water in presence of glycerol. The results 
are in Table III. 


TABLE ITI. 
G. of glycerol aq" X dow X 10% 

per 100 c.c. Ga" X 1012, dow X 10°, Gaeo. Gat X Gon X 1014, A320 
0 1-16 0-883 1:00 1-02 1-02 

12:6 2-62 0-373 0:98 0-98 1-00 

20-0 3:60 0-270 0:96 0:97 1-01 

25-2 4-40 0-221 0:94. 0:97 1:03 

40:0 7-06 0-135 0-89 0:95 1-07 


The value of the dissociation constant of water, 7.¢., @x-X Gow/ 
Gu,9, remains practically constant over the whole range up to 40% 
of glycerol, the deviations from constancy being very small in com- 
parison with the changes in the activities of the individual ions. 
At the same time, since the changes in the activity of the water 
effected by the presence of the glycerol are relatively small, the 
ionic activity product of the water maintains a reasonably constant 
value. 


Summary. 


1. Electrometric measurements of the activities of hydrogen ion 
in aqueous solutions of sodium hydroxide in presence of glycerol 
have been made at 25°. 

2. The Donnan—Allmand electrode has been used to determine 
the activity of hydroxyl ion in solutions of sodium hydroxide 
containing glycerol. 

3. The dissociation constant of water remains constant for the 
solutions containing up to 40% of glycerol; the ionic activity 
product does not exhibit appreciable change over the same 
range. 


The author wishes to acknowledge his indebtedness to the 
Department of Scientific and Industrial Research for a grant 
which enabled him to carry out this investigation. 


Muspratr LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 
UNIVERSITY OF LIVERPOOL. [Received, September 28th, 1925.] 
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CCCLXXXV.—A Comparison of Methods of Measuring 
the Polarity* of Surfaces. 


By Nem K. Apam, Ropert §. Morrety, and Ronatp G. W. 
NoRRISH. 


“ Potariry ”’ has been recently measured by Norrish (J., 1923, 
123, 3006), the measure being the catalytic activity of the surface 


for the combination of ethylene and bromine. Another measure 


of polarity is the attraction of a surface for water, or the work, W, 
required to separate the surface from water in contact with it; 
W is related to the angle of contact, 0, of water with the solid 
surface by the relation 

W = T(1 + cos 9), 
T being the surface energy of water (Adam and Jessop, this vol., 
p. 1863). Yet another indication of polarity is the objectionable 
property which some oil varnishes possess of condensing water on 
the varnished surface in a moist atmosphere and ‘ blooming.’ 
Varnished surfaces which bloom easily may be considered more 
polar than non-blooming surfaces. This paper is an attempt to 
elucidate the nature of the “ polarity” by comparing the results 
of the different methods of measurement. 

Glass, stearic acid, paraffin wax, two non-blooming varnishes, 
A and B, and one blooming varnish, C, were compared. The 
non-blooming varnish film was composed of a hard copal resin 
incorporated in linoxyn containing lead and manganese catalysts. 
The blooming varnish film contained a rosin ester in tung oil “ oxyn,”’ 


with a manganese catalyst. Both for angle of contact and for 


_ standing of its nature and causes is much needed. The term 


catalysis measurements, the varnish was coated on glass and 
allowed to dry in a current of air (5 litres per hour) at 40—55° 
until constant in weight. The volatile thinners of the varnishes 
were expelled and the drying oils oxidised as completely as possible. 

In the tables, & is the initial velocity coefficient, k’ gives the 
catalytic effect in terms of & expressed as percentage of the value 
for glass, 8 and W (ergs per sq. cm.) are defined above, and W’ is 
the attraction for water as percentage of the attraction of water 


* The terms “ polar’ and “ non-polar ’’ have become general in the sense 
that “‘ polar”’ is applied to substances (and to groups therein) which tend 
to dissolve in water, and ‘“‘ non-polar ”’ to those which dissolve in hydrocarbon 
solvents. This broad distinction of groups into two classes is a most useful 
working hypothesis for many investigations, and a more definite under- 
*‘ polarity ”’ is 
here used in this sense, leaving entirely open the question whether there exists 
any resemblance to physical objects of unsymmetrical field of force, such as 
bar-magnets.—N. K. A. 
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for itself. The angle of contact method will not detect attractions 
for water greater than that of water for itself, attractions equal to 
and greater than this giving zero angle. Glass has an attraction 
for water at least as great as that of one water surface for another. 


Catalytic action measured on dry ethylene and bromine. 


Surface. k. k’. 8. WwW. W’, 
PUSS coer vei hice dienes 0-051 100 0° ~=not less than 100 
146 
VOLTS AN ir uate, taus 0-048 94 95 66:6 “45:5 
Warnieh Oi viscsiss ous 0-112 220 60 109-5 75 
Paraffin wax ......... 0-003 6 105 54. 37 
Stearic acid ......... 0-086 168 100 60:5 4] 


Catalytic action measured on moist ethylene and chlorine. 


et TR a a aa Bi 9-7x 1074 100 0 146 100 
Viarnrslis By sicbl ce shi 4:0 ji 41 95 66-6 45-5 
VS ITUIBE su vee ds voles ll un 113 65 104. 71 
Paraffin wax ......... 0:01 ,, 0-1 105 54 at 


The angle of contact measurements were made as described by 
Adam and Jessop, and are accurate to about 5°. The velocity 
coefficients for the ethylene—bromine reaction were determined as 
described by Norrish, fairly good constancy being obtained for the 
first five minutes of reaction. Ethylene and chlorine in the moist 
condition were employed for the second series, as it has been found 
possible thus to obtain more reproducible results than with dry 
ethylene and bromine; but owing to the higher pressure used there 
was appreciable attack of the varnish surfaces by the chlorine, — 
which impaired the constancy of the velocity ‘ constants.’ Details 
of the ethylene-chlorine method will be published shortly. The 
values, calculated as bimolecular coefficients, are given for the first 
two minutes of reaction, and afford a comparison of catalytic 
activity adequate for the present purpose. ‘The figures for reaction 
rates are, of course, not comparable between the two series. 

The angle of contact measurements were taken on the varnishes 
within a minute or two of immersion in the water. If allowed 
to soak, these surfaces gave an angle lower by 10° or, in some 
cases, 20°, the effect of soaking being more marked the greater the 
angle of contact. 

Evidently the attractions for water parallel the veiling properties 
of the varnishes. It appears that if the attraction is more than 
about 70% of that of water for itself, the varnish veils; if less than 
45 to 50%, it does not veil. We attempted also to grade varnishes 
in respect of their veiling properties by angle of contact measure- 
ments, but owing to the effect of soaking in water, these could not 
be made sufficiently accurately to distinguish varnishes with a 
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slight tendency to veil from non-veiling varnishes. The varnishes 
which were found to be more polar by the angle of contact method 


were also more polar by the catalytic measure. 

There is, however, considerable disagreement between the 
polarities of the surfaces of different kinds as measured by the 
catalytic method and by angle of contact. Glass has less catalytic 
power than either stearic acid or the veiling varnishes, but very 


much greater attraction for water; and stearic acid, which has 


only a very slightly greater attraction for water than paraffin wax, 
has enormously greater catalytic activity. It would, of course, 
be possible to ascribe the difference to the “ polarity ’’ which causes 
attraction for water being of a different kind from that which 
conters catalytic activity; but such an ad hoc assumption would 
be particularly unreasonable, as it is not improbable that water 
itself is concerned in the catalysis. Adam and Jessop concluded 
that the evidence of angle of contact measurements on long-chain 
compounds pointed to the polar groups in stearic acid being buried 
in the interior. Hence it appears that in the catalytic measure- 
ments the reacting gases penetrated the surfaces to a short distance. 


The nature of the oxidised varnish surfaces is unknown: we con- 


sider it possible that ethylenic linkings are present. In this way 
it would be possible for the stearic acid and varnish surfaces to 
present more catalytically active groups than a glass surface, 
which must be presumed practically impermeable to the gases. 
By penetrating the solid to a depth of only the length of a few 


- molecules, it would be possible for the gases to reach more polar 
_ groups than are to be found on an equal area of glass. I this is 
_ the correct explanation, it involves the assumption that the depth 


Ee er 


of the ‘ surface ’ is much greater for the catalysis than for the angle 
of contact measurements. Varnishes differ in their absorption of, 
and permeability to, water, and no doubt to gases also; but we have 


not data enough to attempt a prediction of catalytic activity for 


different varnished surfaces, taking this factor into account. ‘This 
factor of permeability requires further investigation; in Adam and 
Jessop’s paper some evidence was given that there is more depth 
involved in the case of crystal flakes of the long-chain amine 


hydrochlorides than with the other long-chain aliphatic substances 


used. Nevertheless we feel that, qualitatively, it supplies an 


_ adequate reason for the difference in behaviour of different ‘ surfaces ’ 


. 


| 


; 
4 
1 
179 
: 


to reagents. 
Paraffin wax is not a catalyst, because no matter how far the 
gases may diffuse into the interior, no polar groups are encountered. 


[ Received, October 9th, 1925.] 
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CCCLXXXVI.—An LElectrometric and a Phase Rule 
Study of some Basic Salts of Copper. 


By Hugsert THomas STANLEY BRITTon. 


Tus paper deals with experiments made to ascertain which of 
the many basic sulphates and chlorides of copper are definite 
compounds. Basic sulphates have been reported ranging in com- 
position from 2Cu0,SO, to 15CuO,SO,, with varying water contents. 
Pickering (J., 1910, 9'7, 1851) regarded the latter as a complex 
salt of orthosulphuric acid and bivalent and ‘what he supposed to 
be quadrivalent copper atoms, and Noyes (J. Amer. Chem. Soc., 
1916, 38, 1947) suggested that 3Cu0,SO,,2H,O might be the 
dihydrated cupric salt of the same acid. The basic chlorides which 
have been described contain from 1 to 4:5 atoms of copper for 
each atom of chlorine. Naturally occurring basic sulphates and 
chlorides are langite, 4Cu0,SO,,4H,O; brochantite, containing 
from 3 to 4 mols. of CuO for 1 mol. of SO,, together with vary- 
ing amounts of water, and atacamite, 4Cu0,2HCl,83H,O0—the 
number of molecules of water varying from 2 to 5. 

Bell and Taber (J. Physical Chem., 1908, 12, 171) and Young 
and Stearn (J. Amer. Chem. Soc., 1916, 38, 1947), who studied the 
basic sulphates of copper from the point of view of the phase rule, 
obtained very conflicting results and were unable to prove the 
existence of a definite basic sulphate ; doubtless because they used 
substances which approached equilibrium very slowly. 

It has long been known that an amorphous, blue precipitate, 
agreeing very closely in composition with 4Cu0,SO0,,4H,0, is 
produced by treating copper sulphate solution with an insufficiency 
of alkali (Kane, Ann. Chim. Phys., 1839, 72, 270; Smith, Phil. 
Mag., 1845, 23, 501; Field, ibid., 1862, 24, 124). Williamson 
(J. Physical Chem., 1923, 2'7, 790) analysed the precipitates obtained 
by treating molar solutions of copper sulphate with different 
quantities of alkali. Pickering showed (Chem. News, 1883, 47, 
181) that between 1-4 and 1-5 equivalents of potassium hydroxide 
completely precipitated the copper and that the amount pre- 
cipitated at any stage of the reaction was directly proportional to 
the amount of alkali added. He also found a temporary alkalinity — 
to phenolphthalein when 1-5 equivalents of alkali had been added. 
Similar observations were made by the author, using the oxygen 
electrode (this vol., p. 2152). 

Apart from the little recorded by Kenrick and Lash Miller 
(Trans. Roy. Soc., Canada, 1901, 7, iii, 35), no systematic work 
has been done on basic cupric chloride. The precipitate formed 
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when N/5-copper chloride solution was treated at 85° with 
N /5-potassium hydroxide until all the copper had been precipitated 
had the formula CuCl,,3Cu0,2H,0. 


EXPERIMENTAL. 


In order to study the mode of precipitation of copper sulphate 
by sodium hydroxide, electrometric titrations with a copper \ 
electrode were carried out. A copper wire electrode, fused into a 
glass tube, was completely immersed in 100 c.c. of M/100-copper 
sulphate solution, which was connected through a saturated solu- — 
tion of potassium chloride to a normal calomel electrode. The 
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E.M.F.’s between the copper and the calomel electrodes were 
measured by means of a potentiometer and a capillary electro- 
meter. The electrode was about 2 mm. in diameter and was covered 
with finely divided copper, deposited electrolytically from N/10- 
copper sulphate solution. That electrodes so prepared worked 
satisfactorily in copper sulphate solution will be seen from the 
following measurements, At 20°, the H#.M.F. of the cell 
Cu | 0-01M-CuSO, | saturated KCl| N-calomel was — 0-006 volt. 
Therefore H, Cu | 0-:01M-CuSO, = + 0-283 — 0-006 = 0-277 volt. 
0-01M-Copper sulphate being taken as 54°7% dissociated (A, = 114, 
and Apo, = 62-4), 0-277 = EPou, + 0-029 log 000547. Whence 
EPow, = 0-343, which is in agreement with the recent value of 
Jellinek and Gordon (Z. physikal. Chem., 1924, 112, 214). 

Three typical titration curves are given in Fig. 1. The cupric- 
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ion concentration scale was calculated from the formula #,,,. = 
— 0-060 — 0-029 log [Cu]. The dotted line gives the theoretical 
change in copper-ion concentration calculated on the assumption 
that 4CuO,SO, alone is precipitated. Curves 1 and 2, plotted 
from results obtained with an electrode having a thin coating of 
copper (deposited during 5 minutes’ electrolysis), and curve 3 
(electrode heavily coated during 1 hour’s electrolysis) show that 


the electrodes became untrustworthy as soon as a precipitate © 


appeared. Deduced from the curves, the values for the concen- 
trations during precipitation are much too small and those for 
the concentrations when precipitation was complete and the solu- 
tions had become alkaline are obviously too large. High #.M.F.’s 
were obtained immediately precipitation was complete, but these 
fell in the course of 5 minutes to more or less steady values. The 
effect of the heavy deposit (curve 3) was to render the electrode 
even more irregular, as may be seen from the second portion of the 
curve. 

The curves show that sudden changes in copper-ion concentration 
occurred when 1-73 (curve 1), 1-5 (curve 2), and 1:63 equivalents 
(curve 3) of sodium hydroxide had been added. In titration 2, 
the alkali was added very slowly, and the mixture was stirred 
until any green, gelatinous precipitate which might have formed 
had become pale blue and apparently amorphous. In the other 
two titrations the alkali was added more rapidly and, although 
the reactants were thoroughly mixed, stirring was not maintained 
until the precipitate appeared to have become homogeneous. 
These experiments show once again that the nature of the pre- 
cipitate obtained depends on the manner in which the alkali is 
added. Rapid addition necessitated the use of a larger quantity 
for complete precipitation and consequently the gelatinous pre- 


cipitate obtained was more basic than the blue, amorphous * — 


precipitate produced on careful addition of the alkali. This is 


the reason why Harned (J. Amer. Chem. Soc., 1917, 39, 252) — 


required in his similar titration of copper sulphate solution six- 
sevenths of the theoretical quantity of the alkali. 

The Anomalous Behaviour of Copper Electrodes in Presence of 
Copper Hydroxide-—The foregoing observations become of im- 


| | 


H 


portance in view of the recent measurements of Jellinek and © 


Gordon (loc. cit.) of the solubility product of cupric hydroxide. 


* Here and elsewhere in this paper, the term ‘‘ amorphous precipitate ”’ is 
used to denote the non-gelatinous, apparently amorphous precipitates obtained © 
when alkali hydroxide is added slowly to dilute solutions of cupric salts. They — 
are sharply distinguished from the gelatinous precipitates produced by rapid — 
mixing. 
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They precipitated their copper hydroxide from copper sulphate 
solution with an insufficiency of sodium hydroxide—exactly the 
condition for obtaining basic copper sulphate! The washed pre- 
cipitate was suspended in alkali solution, and the copper-ion con- 
centration was measured by means of a copper electrode. Their 
values for [Cu""][OH’}? at 20° varied from 0-7 « 10°78 to 3:0 « 10748, 
the mean being 1-7 x 10, but they could not confirm this by 
measurements with copper oxide. It is interesting to compare 
these values with those obtained from the curves (Fig. 1), assuming 
for the moment that the observed #.M.F.’s gave a true measure 
of the copper-ion concentration and that the basic precipitates 
had been completely decomposed by the excess of alkali. The 
hydroxyl-ion concentration when 40 c.c. of 0-0932N-sodium hydr- 
oxide had been added, the ionisation of the alkali being assumed 
to be complete, was 101%, and the cupric-ion concentration was 
10°°55 (curve 1; E.M.F. = 0-217 volt), 10-8 (curve 2; H.M.F. = 
0-190 volt), and 10°75 (curve 3; H.M.F. = 0-160 volt). Therefore 
[Cu ][OH’? is 4 x 10744 (curve 1), 3-6 x 10° (curve 2), and 
39 x 10% (curve 3). Although these values are meaningless, 
they are of the same order as those of Jellinek and Gordon. The 
precipitation of basic copper sulphate does not begin until py 5:6 
has been attained, and from the method described by the author 
(loc. cit.), the presence of the sulphate in the precipitate being 
assumed not to affect greatly the precipitation px, it follows that 
the solubility product of cupric hydroxide is probably of the order 
10-20.* 

Jellinek and Gordon do not refer to the work of Immerwahr 
(Z. anorg. Chem., 1900, 24, 269) on the potentials of copper elec- 
trodes in baryta solutions containing colloidal copper hydroxide 
or ignited copper oxide. The #.M.F.’s were so irregular that she 
did not calculate the solubility product of cupric hydroxide. Calcu- 
lation shows that the solubility product varies from 3 x 10% to 
8 x 107° for the colloidal hydroxide and to 8 x 10°°8 for the ignited 
oxide. Allmand (J., 1909, 95, 2151) traced the erratic behaviour 
of the copper electrode to the reaction Cu” + Cu == 2Cu’ taking 
place at the electrode, cuprous hydroxide being formed, and 
arrived by an indirect method at the value 10 for the solubility 
product of cupric hydroxide, which is of the same order as that 
calculated from the precipitation py, viz., 10°. Jellinek and Gor- 
don, who stated that to their knowledge no value for the solubility 


* For the titration given in this vol., p. 2151, the limiting [Cu’] was equiv- 
alent to 0-6 c.c. of N/10-sodium hydroxide in 120 c.c. Therefore [Cu’*] = 
oj t20M /10 = 10°", « [OH] = 10-4+56 = 10-84, “Whence [Cu ][OH i= 
a? 
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product of cupric hydroxide is recorded in the literature, had 
evidently not seen Allmand’s paper. 


This reducing action of the copper electrode accounts for its — 
irreversible behaviour in the titrations, and the exceptionally low — 


voltages obtained in No. 3 show that the reduction process was 
being considerably influenced by the nature of the layer deposited 


on the electrode. 
The System CuO-SO,-H,O at 25°.—The substances used in the 


investigation were selected for their capacity to enter rapidly into — 


equilibrium, namely, the amorphous basic sulphate, free sulphuric 
acid, and copper sulphate solution. The stock basic sulphate was 
kept as reactive as possible by suspending it in water. For certain 
equilibria, wet hydrated copper oxide had to be used. 

The amorphous basic sulphate was prepared by adding V/10- 
sodium hydroxide (about 1-2 mols. for each mol. of copper sulphate) 
drop by drop and with continuous shaking to 10 litres of M/20- 
copper sulphate, every care being taken to prevent the formation 


of any gelatinous precipitate. The precipitate was washed by — 


decantation with 20 to 30 litres of water, pressed on a Buchner 
funnel, and immediately immersed in water (Found in air-dried 
samples: CuO, 67-2, 67:6; SO 3, 17-1, 17-2. 4Cu0,SO,,4H,0 
requires CuO, 67:7; SO3, 17:0%). On keeping the precipitate, 


which was quite insoluble in water, in different quantities of © 
sulphuric acid over-night, in every case 1-33 mols. of copper sulphate — 


passed into solution for each molecule of sulphuric acid employed, 
thereby showing that the ratio of copper to sulphate in the residual 
solid remained unaltered, viz., 4:1. 

Quantities of the basic sulphate were placed in liquid phases 


(100 to 200 ¢.c.) composed of sulphuric acid and copper sulphate © 
in various proportions, the quantities of acid being such that the — 
rests should be small (about 2 g.). The mixtures were placed in a © 
thermostat at 25° and shaken daily. Equilibrium was attained — 
in less than a week, but 2 or 3 months were allowed to elapse before — 
the final check analyses were made. The results shown in the most — 
basic part of the isotherm necessitated the use of hydrated copper — 
oxide. This was prepared by precipitation from a dilute copper 


sulphate solution at about 50° with a small excess of sodium hydr- 
oxide. It was somewhat dehydrated and brownish-black, but it © 


{i 


had to be deposited at a moderately high temperature so that it — 
should not be so gelatinous that it cowld not be washed free from i 


alkali and sodium sulphate. This hydrated oxide was also used ~ 
with sulphuric acid to confirm some determinations of the equilibria 


ny 


of mixtures prepared from the basic sulphate. The analyses of — F 


the various liquid phases and rests are in Table I. 


a 
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TABLE JI. 
Rests 
Liquid phases. (or 
en, Mol. SO,/ 
vo wu0..' % 8O,. % CuO. %SO;. mol. CuO. Solid phases. 
0 0 84:45 6°17 0-073 CuO (hydrated) and 
4Cu0,S0,,4H,0. 
0 0 80-85 8:79 0-108 a 4 
0 8) 77-56 11-77 0-151 oy ‘Ss 
0 0 73°75 13-82 0-186 3 Ae 
0 0 69-50 16-90 0:242 - a 
0 0 67-78 17-30 0-255  4Cu0,S0,,4H,0. 
0-02 0-02 67-90 17-60 i 
0-09 0:09 26-36 6:77 7, 
0-12 0-12 9-24 2-43 cf 
0-58 0-58 7:89 2-46 és 
3°17 3°19 31-23 9-85 RS 
5:54 5:56 15:96 7°75 a 
7-17 7-18 24-10 10:27 0-314 4 
9-28 9-33 Eutectic 4Cu0,80,,4H,O and 


CuS0,,5H,0. 


The first six sets of data show that the addition of sulphuric 
acid to the hydrated copper oxide failed to cause any solution 
until the solid phase had assimilated sufficient sulphuric acid to 
convert it into the basic sulphate containing 4CuO to 180. 
Neither copper nor sulphate could be found in the colourless liquid 
phases. The analyses given are those of the air-dried solid phases. 
These changed in colour as their sulphate content increased, passing 
from the brownish-black of the hydrated oxide through increasingly 
brighter shades of brown to greenish-brown and finally to the 
greenish-blue colour of the 4:1 salt. The basic sulphate did 
not change in colour on boiling, but decomposed on addition of 
varying quantities of alkali, yielding more basic products having 
similar colours. The other liquid phases were copper sulphate. 

The results given in Table I are plotted in Fig. 2; the section 
BC has been constructed from the data of Bell and Taber (loc. cit.). 
The solid phase which was in equilibrium with the liquid phases 
represented by AB was 4Cu0,S0,,4H,0, for the tie-lines joining 
the points corresponding to each liquid phase and the point corre- 
sponding to its respective rest all pass through the point D, which 
indicates that the solid phase contained 67-7% CuO, 17-0% SOs, 
and 15-3°% H,O (Schreinemakers). Had the solid phases in equili- 
brium with water as liquid phase been mixtures of two definite 
Solid phases, it would have been expected that the points repre- 
Senting their compositions would lie on the straight line joining 
the two points corresponding to the compositions of the two solid 
phases. If in the present system the rests comprised mixtures of 
the basic salt 4Cu0,S0,,4H,O and a definitely hydrated copper 
oxide, this line would have been one joining the point D to the 
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point, corresponding to the particular hydrated oxide, on the 
H,O-CuO axis. Actually the points lie on one of two straight lines, 
DE and DF, where E represents CuO,0-28H,0 and F, CuO,0:05H,0. 
It appears from the phase rule that as the liquid phases which 
were in equilibrium with these highly basic rests were of fixed 
composition as far as could be ascertained, the rests were composed 
of two solid phases. Bearing in mind the gradual change in the 
colour of the rests, it seems probable that the two solid phases 
were the 4:1 sulphate and copper oxide, hydrated to varying” 
extents. The degree of hydration of the copper oxide, although 
by no means fixed, was of the same order as that found in the 
ordinary precipitated black copper oxide, 7.e., corresponding 
approximately to CuO,0-25H,O. There appeared, however, a 
tendency for the hydration to become considerably less as the 
proportion of the 4:1 salt became predominant, shown by those 
points which fall on DF. 

It follows from this work that at 25° there is only one basic 
sulphate of copper, viz., 4CuO,SO;,4H,O. Sabatier (Compt. rend., 
1897, 125, 101) prepared it from copper oxide and copper sulphate 
solutions (not exceeding 1M). He stated that the salt was con- 
verted by saturated copper sulphate solution into a green salt, 
5Cu0,2S0,,5H,0, treatment of which with water regenerated the 
4:1 salt. This green salt was probably the ordinary 4:1 salt 
with copper sulphate adhering. In support of this view is the 
fact that the rest belonging to the liquid phase which contained 
7:17% CuO (Table I) had, after filtration on a Bichner funnel, a 
composition corresponding approximately to the formula 3CuO,SO3, 
although, as its tie-line shows, the actual solid phase was the 4: 1 
salt. : 
Precipitation of Basic Cupric Chloride—When WN/10-sodium 
hydroxide or ammonia was added slowly with shaking to M /100- 
cupric chloride solutions, pale blue, amorphous precipitates were 
obtained, and the mother-liquors became alkaline to phenolphthalein, 
precipitation being complete, after the addition of 1-5 equivalents 
of alkali. If the additions were made quickly, precipitates did not 
separate until about 1 equivalent of alkali had been added, but the | 
solutions became more and more colloidal and alkalinity occurred 
after the addition of 1-53 equivalents. When, however, more 
concentrated solutions were rapidly mixed, dark blue, gelatinous : 
precipitates were obtained which, if the amount of alkali added | 
did not exceed 1:5 equivalents, could be transformed by vigorous 
shaking with the mother-liquor into paler blue, amorphous forms. 
Provided that not more than 1-5 equivalents of alkali had been 
added during their formation, the amorphous precipitates did not 
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_blacken on boiling; if a precipitate happened to be gelatinous, it 


ee 


darkened temporarily, but became pale blue and amorphous on 
continued boiling. 

The System CuO-HCl-H,0 at 25°.—This system was investigated 
in exactly the same manner as the previous one. The substances 
used were moist hydrated copper oxide, moist basic cupric chloride, 
hydrochloric acid, and cupric chloride solution. On being washed 
by decantation, much of the basic chloride passed into pale blue, 


colloidal solution, and did not settle out after standing for a week. 


The colloidal solution was siphoned off and replaced by water, 
and the process was repeated, during a month, until the remaining 
precipitate was free from impurities. Samples which had been 
either air-dried or dried over fused calcium chloride agreed. closely 
in composition with the formula 4Cu0,2HCI1,3H,O (Found: CuO, 
72-0; HCl, 16-5. Cale., CuO, 71-5; HCl, 16-4%). The salt was 
amorphous and insoluble in water; but after it had been boiled 
with water, the latter gave a faint opalescence with silver nitrate. 

Equilibrium was attained in about a week, but the final analyses 
were not made until 3 months had elapsed. 

The first four sets of data in Table II refer to solid phases which 
had been air-dried. The liquid phases were water. No copper 
chloride dissolved until each molecule of hydrated copper oxide 
had reacted with 0-5 equivalent of hydrochloric acid. Thereafter 


the solid phase was 4CuO,2HC1,3H,0, as shown by the point of 
intersection of the tie-lines in Fig. 3, and the liquid phases con- 


tained cupric chloride only. 


TABLE IT. 
Rests. 
Liquid phases. —s_ SS --o. 
i Mol. HCl/ 
me Oud. .% AC. % CuO. % HCl. mol. CuO. Solid phases. 
0 0 90-28 0-03 0-001 CuO (hydrated) and 
4CuO,2HC1,3H,0. 
0 0 79-30 11-49 0-315 pa. on 
0 0 74:07 14-90 0-438 3 % 
0 O 72-47 16:57 0-499 4Cu0,2HCI1,3H,0. 
0-16 0-15 52-80 12-56 0-517 pe. 
3:90 3°57 55:37 13°49 9 
8°35 7-66 56:45 14-60 >» 
15-22 13-96 56-04 16-35 » 
18-52 17-03 55-72 16-90 a 
21-24 19-49 51-67 18-14. ” 
25-59 23-51 4Cu0,2HC1,3H,O and 
CuCl,,2H,O. 


The rests which had attained equilibrium with water, after being 


| allowed to settle for a month, presertted a striated appearance, 


pale green layers underlying layers of varying shades of dark 
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brown. The layers were roughly separated from one another by 
spraying with a very fine jet of water. The uppermost contained 
the least chloride, about 0-1 equivalent for each molecule of copper 
oxide, and the bottom pale green layers contained the most, about 
0-3 equivalent. It was not possible to isolate the bottom layers 
quite free from the more basic, brown particles; probably the 
amount of chloride actually present in them was greater than 
0-3 equivalent. 

These observations seem to indicate that each of the highly basic 
rests was composed of a mixture of two solid phases as required 
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by the phase rule, and from Fig. 3 there appears to be no doubt 
that these were the definite basic chloride (greenish-blue) and dark 
brown copper oxide of varying hydration. 

The basic chloride 4CuO,2HC1,3H,O and the rests which con- 
tained more than 0-315 equivalent of chloride tended to pass into 
colloidal solution. Attempts were made to get some idea of the 
composition of the colloidal suspensions, and it was found that 
the basic chloride aggregates contained from 0-27 to 0-33 equivalent 
of chloride for each molecule of copper oxide. ; 

The curve in Fig. 3 corresponding to those liquid phases which 
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exist in equilibrium with dihydrated cupric chloride was drawn 
from Foote’s data (J. Amer. Chem. Soc., 1923, 45, 663). 

Basic Cupric Nitrate——Several basic nitrates have been described 

containing from 1-7 to 3 atoms of copper for each molecule of 
nitrate. The pale bluish-green precipitate formed when alkali, 
insufficient for complete reaction, is added to a dilute cupric nitrate 
‘solution has been shown by many workers to correspond to the 
formula 4Cu0,2HNO,,2H,O. The mineral gerhardtite has the 
“same composition; in some specimens, however, the water content 
appears to be 1H,0. 

When N/10-sodium hydroxide was carefully added to cupric 
nitrate solution, precipitation was complete and the solution 
became alkaline to phenolphthalein after the addition of 1-5 
equivalents. The composition of the precipitate agreed with the 
above formula (Found: CuO, 66-8; HNO,, 26-4. Calc., CuO, 
66:3; HNO,, 26-2%). The basic nitrate was insoluble in water, 
but on boiling with water it soon blackened and some passed into 
‘colloidal suspension. The salt was also much more readily decom- 
posed by alkali than was either the sulphate or the chloride, so 
much so that when alkali was added rapidly to a cupric nitrate 
solution alkalinity was not produced until 1-9 equivalents had 
been added. 

Basic Cupric Bromide—The basic bromide produced by the 
oxidation of cuprous bromide and by the prolonged digestion of a 
solution of cupric bromide with copper oxide (Richards, Chem. 
News, 1891, 63, 75; Sabatier, Compt. rend., 1897, 125, 103) has 
the formula 4Cu0,2HBr,2H,O. The substance produced on gradual 
addition of alkali to cupric bromide solution has apparently not 
been examined. N/10-Sodium hydroxide gave a pale blue, amor- 
phous precipitate and the mother-liquor became alkaline to phenol- 
‘phthalein after approximately 1-5 equivalents had been added. 
‘This result suggests that the precipitate contained CuO and HBr in the 
molar ratio of 2:1. The (air-dried) precipitates formed by vary- 
ing amounts of alkali, however, were slightly more basic [Found : 
(@) CuO, 60-55; HBr, 29-4. (6) CuO, 61-0; HBr, 30-3, corresponding 
respectively to 4CuO,1-91H Br,2-93H,O and 4CuO,1-95H Br,2-52H,O}. 
Tt is fairly certain that they were essentially the 4:2 bromide, 
although the data are insufficient to state what was the exact 
‘water content. ‘The basic bromide was insoluble in water and did 
not blacken when boiled with it. In common with the basic 
nitrate and the basic chloride, it had a marked tendency to pass 
into colloidal suspension when treated with water. 
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Discussion. 


It has been shown that of the many basic sulphates and chlorides 
of copper which have been reported, only one definite sulphate — 
and one definite chloride exist at 25°, viz., 4Cu0,H,SO,,3H,O and © 
40u0,2HC13H,0O. Similar nitrate and bromide compounds have — 
been shown to be produced by precipitation with alkali under 
similar conditions, viz., 4Cu0,2HNO,,2H,O and 4Cu0,2H Br,2(? )H,0. | 
They are similar not only in composition, but also in form, colour, 
and insolubility. All these salts are precipitated from solution at_ 
hydrion concentrations of about 10°%. The similarity in their 
composition seems to be due to an intrinsic property of either the 
copper atom or the copper oxide molecule. 

Previous workers have attempted to account for the sulphate 
and the nitrate as complex salts of ortho-acids, but such an explan- 
ation cannot be applied to the basic chloride or the basic bromide. 
The usual way of representing these basic salts as if they were 
double salts, e.g., CuSO,,3Cu(OH).,H,0, is unsatisfactory, for they 
have none of the properties of double salts inasmuch as they are ; 
insoluble. Werner (Ber., 1907, 40, 4444), on the basis of his co-— 
ordination theory, regards them as the normal salts of a hypothetical , 


hexolcupric base, e.g., | Cu HOS cu SO,,H,O. This represent-— 
Pp HO ad ane P 


ation seems to be equally open to objection. Such a constitution | 
would suggest that, contrary to the facts, the salt has to some extent 
the capacity of dissolving, which by comparison with difficultly 
soluble salts of metals, e.g., lead and silver, is in some way con- 
nected with the nature of the acid radical, and would ionise in’ 
solution into “ hexolcupric ’’ and sulphate ions. The comparative 
inertness of these basic compounds to reaction and their similarity 
in properties to copper hydroxide seem to show that they are 
essentially compounds of this base of some unknown kind. Until 
something is known about their constitution it is perhaps better 
to represent them thus, Cu,(OH),SO,,H,O. Were it known that 
the co-ordination number of bivalent copper is 6, the Werner 
theory might be considered to supply a tentative explanation why 
these basic salts contain copper and the acid in the equivalent 
- ratio of 4:1. The ammine compounds of cupric salts have such 
widely varying compositions that no definite co-ordination number 
can be assigned. If the constitution of the cupric complexes in 
ammoniacal solutions be considered, the co-ordination number is. 
probably 4. i 

Chatterjiand Dhar state (Discussion on Colloids, Faraday and Phys. 
Soc., 1920, 124) that the blackening on boiling of copper hydr- 
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oxide can be prevented by the addition of a little normal salt, 
which is adsorbed and thus renders the copper hydroxide stable. 
They do not appear to have considered what may be the effect 
of the formation of basic salts. The retention of the colour on 
boiling is a property of such salts—less marked, it is true, in the 
case of the nitrate (see pp. 2801, 2803, 2805). 

Since the foregoing pages were written, Kriiger has published 
some work on the basic sulphates of copper (J. pr. Chem., 1924, 108, 
278). He obtained a product having the formula 4Cu0,SO0,,4H,0, 
and also basic sulphates whose analyses, although irregular, 
Indicated the formule 4Cu0,SO,,3-5H,0, 4Cu0,S0,,5H,0, and 
38Cu0,S0;,2-5H,O. The water contents of the first two of these 
three substances are probably due to imperfect purification, and the 
last is undoubtedly a mixture of the definite basic salt and copper 
sulphate. 


Summary. 


(1) According to the manner of mixing and the quantity of 
alkali used, either apparently amorphous or gelatinous precipitates 
may be obtained by adding alkalis to solutions of the sulphate, 
chloride, bromide, or nitrate of copper. 

(2) The individualities of the basic salts Cu,(OH),SO,,H,O and 
Cu,(OH),Cl,,H,O have been established. 

(3) The behaviour of the Cu|Cu(OH),,NaOH electrode has been 
shown to be erratic, and the value of Jellinek and Gordon for 
[Cu ][OH’} untrustworthy. 

(4) Observations have been made on the darkening of suspen- 
sions of basic copper salts on boiling. 

(5) The constitutions of the basic salts have been discussed with 
special reference to Werner’s co-ordination theory. 
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CCCLXXXVII.—The Relationship between the Optical 
Rotatory Powers and the Relative Configurations of 
Optically Active Compounds. Part II. The Relatiwe 
Configurations of the Optically Active Mandelic 
Acids and B-Phenyl-lactic Acids. 


By George WILLIAM CLOUGH. 


In Part I* (J., 1918, 113, 526) it was shown that the formation 
of similar derivatives from the configuratively related compounds, 
I-lactic acid, l-glyceric acid, d-malic acid, and d-tartaric acid, was 
usually accompanied by changes of the same character in their 
optical rotatory powers. It was therefore assumed that, as a rule, 
the introduction of the same substituent into similarly constituted, 
optically active compounds possessing the same relative con- 
figurations produced alterations of the same character in their 
optical rotatory powers. The somewhat vague term “similarly 
constituted compounds ’”’ was used in this connexion, since it was 
not (and still is not) possible to state precisely the extent of the 
applicability of the rule. It applies to the members of such homo- 
logous series of optically active compounds as the aliphatic normal 
secondary alcohols and the simple «-hydroxy-acids. Indeed, the 
higher members of a homologous series being derivatives from the 
lower members, the rule would indicate that the optical rotatory 
powers of those optically active members of a series which are 
configuratively related would lie approximately on a curve. But 
not only do regularities occur in the optical rotatory powers of 
members of homologous series, they are evident (with few excep- 
tions) in those of corresponding derivatives from the optically 
active mono- and di-hydroxy-propionic and -succinic acids. 

The application of the principle to d-«-hydroxybutyric acid leit 
no doubt that this compound possessed the same configuration as 
l-lactic acid, but the same confidence could not be felt in the con- 
clusions which were drawn from the optical rotatory powers of 
compounds in which a phenyl or benzyl group was attached to the 
asymmetric carbon atom. In an endeavour to fix definitely the 

* Errata in Part I: Page 532, line 5 from bottom, for “‘ K=Bz, Y=Me ” 
read, X=Bz, Y=Ht.”’ 

Page 532, last line, for ‘‘ —123-6”’ read ‘* —247.” : 

Page 540, line 3, for “‘ +50-6°”’ read *“‘ —50-6°.” 

Since this paper was submitted for publication, the author’s attention has 
been directed to a paper by Freudenberg and Markert entitled ‘* Die Konfigur- 
ation der Mandelsaure ’’ (Ber., 1925, 58, 1753). These authors have employed 


the method indicated in Part I and have confirmed the suggestion made 
_therein concerning the configurations of the optically active mandelic acids. 
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configurations of the optically active forms of mandelic and 6-pheny]- 
lactic acids, the optical rotatory powers of these compounds and 
some of their derivatives are considered in the present communi- 
cation. The measurement by Freudenberg, Brauns, and Siegel 
(Ber., 1923, 56, 199) of the specific rotation of the amide of I-hexa- 
hydromandelic acid (prepared from J-mandelic acid) enabled those 
workers to confirm the suggestion that J-mandelic acid is a “d”’-a- 
hydroxy-acid (Part I, p. 534). (For compounds containing one 
asymmetric carbon atom it appears to the présent author desirable 
to retain the prefixes d- and /- with their conventional significance, 
but to denote their relative configurations by the prefixes “‘d’’- and 
“L”-3 loc. cit., p. 584.) The optical rotatory powers of other 
derivatives feet /-hexahydromandelic acid and from J/-mandelic 
acid definitely indicate that these acids belong to the “d”’- series 
of «-hydroxy-acids. This result is of importance in that it enables 
us to determine the configurations of J-benzoin, the related optically 
_ active glycols and of amygdalin with reference to that of d-tartaric 
acid. The experimental data quoted in tables I—V are also, in 
_ the author’s opinion, sufficient to justify the allocation of d--phenyl- 
lactic acid to the ‘“‘d”’- series of «-hydroxy-acids. If this con- 
‘ clusion is accepted, it is possible to assign configurations to the 
_ glycols derived from this acid and also to Rie four optically active 
phenylglyceric acids (provided the assumption is made that cis- 
addition of hydroxyl occurs on oxidation of the cinnamic acids; 
compare Berner and Riiber, Ber., 1921, 54, 1945). 
_ The molecular rotations of the standard “d”- acids in aqueous 
q Solution are lower * than those of the corresponding sodium (potass- 
ium or ammonium) salts (Table I). The same regularity is observed 
‘in the molecular rotations of /-hexahydromandelic acid, /-mandelic 
acid, d-p- phenyl-lactic acid and their salts. 
_ The molecular rotations of the lower esters of the same acids 
increase as the molecular weights of the esters increase (Table Il). 
The measurements by Wood and his collaborators of the optical 
‘Ttotatory powers and the optical dispersive powers of the optically 
active alkyl lactates and hexahydromandelates at various tem- 
peratures are especially valuable in connexion with the subject of 
this investigation. 
_ The molecular rotations of the amides of the same acids compared 
with those of the methyl esters further illustrate the relation of 


_ * Throughout this paper an “increase” of rotation denotes an increase 
in the numerical value of a dextrorotation or a decrease in the numerical 
value of a levorotation. For the sake of clearness, the tabulated values are 
Given for the “d’’-forms, although in some cases the measurements were 
actually made on the enantiomorphous forms. 
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I-mandelic acid and of d-8-phenyl-lactic acid to the standard 
“qd ”-«-hydroxy-acids (Table III). 


TABLE I. 


The Molecular Rotations ({M]p) of Some Optically Active «-) ydrouy: 
acids in Aqueous Solution. 


Sodium Potassium 


Acid. salt. salt. References. 
l-Lactic acid. — 2° + 13-2° +13:7° Purdie and Walker, 
(c\=*d) J., 1895, 67, 630. 
l-Glyceric acid. —2+3 + 20-6 +23-7 Frankland and Apple- 
oq.  (¢ = 20) yard, J., 1893, 63, 
i, oki 
d-Malic acid. 4% +3:0 + 16:2 +15:5 Stubbs, J., 1911, 99, 
5 Fae (6:40) 2268. 
d-Tartaric acid. aes + 59-9 +64:4 Landolt, Ber., 1873, 6, 
its Ot Mee 1073. 
l-Hexahydro- —21:3 + + Wood and Comley, J., 
mandelic acid. (inaleohol) + 13-6 (ammonium) 1924, 125, 2639. 
l-Mandelic acid. -— 240 —179 — 
(co 22/16) 
d-B-Phenyl-lactic +-38-0 +- 79-5 +75:7. Clough. 
acid. (Gaia 7) 
TABLE II. 


The Molecular Rotations of the Lower Hsters of Some «-Hydroxy-acids. 
Methyl. Ethyl. n-Propyl. n-Butyl. 


l-Lactates.* OE Maia ARR ie 13-4° +17:-4° +19-6° 
l-Glycerates.t [Mp + 65:8 + 12:3 +19-1 +21:4 
d-Malates.t [uy + 11-1 + 19-3 +25:3 + 26-4 
d-Tartrates.t [40° + 3-7 + 15-9 +29-7 +27:0 
l-Hexahydro- PMP via 36's — 24:4 —15:5 —15-4 
mandelates. { 
l-Mandelates. Lae — 276 — 233 — — 209 (wso-)~ 
d-B-Phenyl-lactates.§ Oa ay + 8:5 + 14-7 -— -= 
(at 17°) 


* Wood, Such, and Scarf, J., 1923, 125, 601. + For references, see Frank- 
land and Gebhard, J., 1905, 87, 865. + Wood and Comley, loc. cit. § Clough ; 
McKenzie and Barrow, J., 1911, 99, 1021. 


TaBue III. 
The Molecular Rotations of the Amides of Some «-Hydroxy-acids. 
Methyl ester. Amide.* 
l-Lactic acid. +. 8:6° -- 19-6° (in water) 


l-Glyceric acid + 5:8 + 66-2 (in methyl alcohol) 
d-Malic acid. +. 11-1 + 52:8 (in water) 
d-Tartaric acid. + 37 +164 (in water) 
— 36-8 
6 


l-Hexahydromandelic acid. 36:8 (at 30°) + 65-4 (in aqueous alcohol) 
l-Mandelic acid. —27 — 144 (in water) 
d-B-Phenyl-lactic acid. + 85 -+ 104-2 (in ethyl alcohol) 


* For references, see Freudenberg, Brauns, and Siegel, Ber., 1923, 56, 195. 
+ McKenzie, Martin, and Rule, J., 1914, 105, 1599. 
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From Table IV it is evident that acetylation of the methyl esters 
of the standard ‘“‘d’’-acids (except that of d-tartaric acid) causes 
the molecular rotations to increase. The introduction of one 
acetyl group into methyl d-tartrate raises the molecular rotation, 
but two acetyl groups in the molecule produce a depression in the 
molecular rotation. Acetylation of methyl d-8-phenyl-lactate is 
accompanied by an increase in the molecular rotation, but although 
methyl /-acetylmandelate possesses a higher specific rotation 
(— 146°) than methyl] /-mandelate (— 166°), the molecular rotation 
of the former is lower than that of the latter compound. The 
molecular rotations of the benzoyl derivatives exhibit more irregu- 
larities; thus, the complete benzoylation of methyl I-lactate, of 
methyl /-glycerate, or of methyl d-tartrate produces decreases in 
the molecular rotations, but the introduction of one benzoyl group 
only into ethyl d-tartrate and the benzoylation of methyl d-malate 
are accompanied by increases in the molecular rotations. The 
values in Table IV show that an increase in the molecular (or the 
specific) rotation of methyl d-8-phenyl-lactate is produced on 
benzoylation and that an increase in specific rotation (but a decrease 
in molecular rotation) accompanies benzoylation of methyl J-mandel- 
ate. Whilst the data for the benzoyl derivatives do not confirm 
or refute the conclusions drawn respecting the relative configurations 
of /-mandelic and d-8-phenyl-lactic acids, the optical rotatory power 
of methyl /-phenylmethoxyacetate is in accordance with the view 
that /-mandelic acid is a “ d’’-«-hydroxy-acid. 


TABLE LV. 


The Molecular Rotations of the Acetyl, Benzoyl and Methyl Derivatives 
of Some a-Hydroxy-acids. 


; Acetyl. Benzoyl. Methyl. 
Methyl /-lactate (+ 8-6°). + 76-4° — 35:6°* +1]12-7° 
Methyl l-glycerate (+ 5-8). + 24-6 — 87:5 +103-8 
Methyl d-malate (+ 11-1). + 46:8 + 15-0 + 92-4 
Methyl d-tartrate (+3-7). + 16:6 — 280 +180-0 

(mono-, in water) (di-, at 100°) 
Be S0: 
| (di-, in alcohol) 
Methyl /-mandelate (— 276). — 304 —382 t —173 


(in acetone) § 
Methyl d-8-phenyl-lactate (+ 8-5). + 16:3 + 92:2} — 
* Freudenberg and Rhino, Ber., 1924, 57, 1556. + Freudenberg and 
Brauns, Ber., 1922, 55, 1349. {+ Clough. § McKenzie and Wren, J., 1910, 
97, 484. 


It is worthy of note that the effect of a rise of temperature on the ~ 
optical rotatory powers of the esters of /-hexahydromandelic acid 
(Wood and Comley, loc. cit.) is similar to that on the esters of 
Llactic acid, I-glyceric acid, d-malic acid, d-tartaric acid, and 
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I-mandelic acid. ‘The influence of organic solvents on optical 
rotatory power will be discussed by the author in a later paper. 

The regularities observed in the influence of sodium, barium, and 
other halides on the optical rotatory powers of a-hydroxy-acids 
or their esters in solution have also been employed for determining 
the relative configurations of these optically active compounds. 
The data in Table V fully confirm the results already obtained. 
It should be pointed out that other inorganic compounds added to 
aqueous solutions of the acids in question do not always produce 
similar alterations in the rotatory powers. For example, boric 
acid produces a diminution in the optical rotatory power of 
l-(‘d’’-)lactic acid (Henderson and Prentice, J., 1902, 81, 658), 
but causes an elevation of that of d-tartaric acid (Biot). 


TABLE V. 
The Influence of Sodium Bromide on the Optical Rotatory Powers of 
Some Esters of «-Hydroxy-acids in Methyl-alcoholic Solution. 


In methyl-alcoholic 
In methyl alcohol. sodium bromide (JV). 


Methyl d-malate. + / 8-7° (c = 5) — 80° (c = 5) 
Ethyl d-malate. -+ 11-6 (c = 5) — 2-4 (c = 5) 
Methyl d-tartrate. + 4-6 (c = 5) — 8:4 (c = 5) 
n-Propyl d-tartrate. + 16-0 (c = 5) 2-6 (c = 5) 
Methyl /-mandelate. — 142 (c = 3) —172 (c = 3) 
Ethyl! /-mandelate. —117 (c = 10) —150 (c = 10) 
Methyl] d-B8-phenyl-lactate. — 2-4 (¢ = 2-7) — 16:3 (¢ = 2-7) 
Ethyl d-B-phenyl-lactate. + 0-8 (c = 5) — 12-0 (c = 5) 


That the principle employed in this investigation also leads. to” 
correct deductions in other classes of compounds is shown by 
Karrer’s confirmation of the present author’s view that /-asparagine, 
l-aspartic acid, and J-leucine are configuratively related to d-(“l’’-) 
alanine (Helv. Chim. Acta, 1923, 6, 957; see Part I, p. 539). . More- 
over, a study of the optical rotatory dispersive powers of a number 
of corresponding derivatives from the optically active «-amino- and 
«-hydroxy-propionic acids has revealed regularities from which 
Freudenberg and Rhino have drawn the conclusion that 1-(" d’’-) 
alanine possesses the same configuration as 1-(“‘d’’-)lactic acid 
(Ber., 1924, 57, 1551; see Part I, p. 548). 


EXPERIMENTAL. 

1-Mandelic Acid.—In water (c= 1-59): aif, (J = 2) — 5-03", 
ws, — 5-28°, olf, — 5-98°, ali, — 13-55° ; [xP, — 158°, [aff — 166°, 
[oBe, — 188°, [a]ifi, — 426°. 

In aqueous sodium chloride (4) (¢ = 1-59) : als’ (Jl = 2) — 6-45°; 
lajit —- 208°. ; 

Ethyl \-Mandelate.—d}? 1-128 ; «3%; (1 = 0:5) — 7 3-04°, o28,, — 76°55°, 
ai, — 88-10°; [or], — 129-4°, [a]iteo — 185-7°, [ec}sin — 156-4". 
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In methyl alcohol (c = 10) : ass (b = 2) — 23-48°, old, — 24-38°, 
Ost. — 28:20°, o)%, — 65:0°: [a]smos — 117-4°, [oP — 121-9°, 


[oie — 141-0°, [a], — 325°. 


In methyl-alcoholic sodium bromide (N)(¢ == 10:12) 3 ody (tix 2) 
— 30:30°, asin — 36:55°; [a], — 149-6°, [«P™, — 180-5°. 

Methyl |\-phenylbenzoyloxyacetate, prepared by the action of benzoyl 
chloride on methyl /-mandelate in presence of pyridine, boiled at 


224—295°/18 mm. 


“” 


de 1:217; of (1 = 0-5) — 86-05°; [af — 141-4°. 

Methyl 1-8-phenyl-lactate was prepared by McKenzie.and Martin’s 
method (J., 1913, 103, 117). 

d= 1:129; a (d= 1) — 5-35°; [ape — 4-742, 

Methyl d-«-acetoxy--phenylpropionate, m. p. 80—31°,. bp. 
185°/20 mm., was prepared by the action of acetyl chloride on 
methyl d-@-phenyl-lactate in presence of pyridine. 

ds 1-125; af} (1 = 1) + 8-23°; [a}s + 7-33°, 

Methyl 1-«-benzoyloxy-p-phenylpropionate, b. p. 224—225°/16 mm., 
was prepared by the action of benzoyl chloride on methyl /-8-phenyl- 
lactate in presence of pyridine. 

d= 1-161; ap (1 = 1) — 37-65°; [xB — 32-45°. 

The above esters required the correct amounts of sodium hydroxide 
for complete saponification, which was unaccompanied by change 
of sign of rotation. Some racemisation may have occurred in the 
preparation of methyl /-phenylbenzoyloxyacetate; Freudenberg 
and Markert (loc. cit.) give [a]; — 159-9° for this compound. 


The author desires to express his thanks to the Government Grant 
Committee of the Royal Society for a grant towards the expense of 
this investigation. 
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~CCCLXXXVITI.—The Action of Silica on Electrolytes, 


Pare LT 4 
By ALFRED Francis JosepH and Henry BowENn OAKLEY. 


THE action of silica on two classes of electrolytes—acids * and 
salts—has already been studied (Joseph and Hancock, J., 1923, 
123, 2022). Its effect on bases is now described. It must again be 


* The experiments with acids have been repeated with purified ‘‘ silica 
gel” with the same result. There has been some correspondence in Nature 
(Jan. 3lst, March 28th, and April 4th) on this subject, but the present authors 
have not yet obtained experimental evidence requiring a change of opinion. 
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emphasised that a high degree of purity of the silica is essential for 
work of this kind, as the presence of a small quantity of basic 
impurity has an important effect on its properties. For example, 
a sample of silica gel which retained 6% of water after drying 
at 180° retained only 3:2% if it had been, washed with hydrochloric 
acid (followed by water) before being dried. 
Silicates of the Alkali and the Alkaline-earth M etals.—Many 


studies on these substances at high temperatures have been carried — 


out in recent years, but data as to reactions taking place in presence 
of much water at the ordinary temperature are scanty. The 
following facts bear on what follows: Potassium seems to form 
silicates of greater stability in water and lower solubility than 
sodium: the properties of potash glass bear this out, and also 
the fact (Morey, J. Amer. Chem. Soc., 1914, 36, 230) that the 
compound KHSi,O, may be left for hours with water at 100° 
without undergoing appreciable decomposition. Calcium silicate 
is less soluble in water than the barium salt. The sodium silicates, 
even when containing a high proportion of silica, are all acted on 
by water to a noticeable degree. 


The equilibrium between silicic acid and sodium hydroxide was — 


studied by constructing a titration curve for a “water glass 7: 
solution containing 2 mols. of silica to 1 mol. of sodium oxide. 
The first points on the curve were obtained by the addition of 
hydrochloric acid, and the later ones by the addition of sodium 
hydroxide. In each case the hydroxyl-ion concentration was 
determined by pa measurement, and the amount of sodium silicate 
present was found by subtracting the quantities of hydrochloric 


acid and hydroxyl from the total sodium. The results are in 


Table I. If the sodium oxide neutralised is plotted against pu, 


oh } 7 
ee the curve shows a definite inflexion when the solution contains 
Z mols. of neutralised sodium oxide to ¥ mol. of silica. The pq at 


which the ratio is half this is very nearly 10, and this corresponds 
to the value 107° for the first dissociation constant of silicic acid. 
The combination between the second molecule of sodium oxide 
takes place between px values of 11-6 and 12-6, indicating that the 
second dissociation constant of the acid is about 10°. The curve is 
typical of the combination of a strong base with a weak dibasic acid. 


TABLE I. 
Solution contains 0:0186 mol. of silica per litre. 
Pi eee eh UNM 3-2 9-40 9-90 10:0* 10-72 
Mols. Na,O neutralised... 0-0 0:0017 0-0043 0:0046 * 0-0086 


BI Cay ia isiala alka pila torneo tay egy bee 12-28 12-31 12-53 12-63 
Mols. Na,O neutralised... 0-0112 00180 0:0278 0:0745  0-1570 


The point marked * was obtained by interpolation. 
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The Action of Alkaline Hydroxides on Silica.—When pure silica is 
acted on by an alkaline hydroxide, neutralisation of the base 
commences immediately, and the extent to which the reaction 
proceeds is dependent on the nature and the concentration of the 
base, the quantity of silica (at the surface of which the reaction 
takes place), as well as on the usual factors such as time of contact 
and temperature. The fineness of the silica will of course deter- 
mine the amount of reactive surface, so that different specimens 

will not necessarily give the same quantitative results, although 
different series will be comparable amongst themselves. 

The immediate effect is the production of a silicate at the surface 
of the silica. This is followed by its partial dissolution caused by 
the solvent and hydrolytic action of the water. After a time, 
equilibrium is approached between the silicate in the solid and 
that in the liquid phase. Increase of concentration of either of the 
reagents causes an increase in the amount of silicate in each phase. 

For equal concentrations of different bases, the amount of solid 
silicate formed depends on the solubility relationships of the silicate 
of the base used, being great where the solubility is small (as in the 
case of calcium) and small where the solubility is large (as in the 
case of sodium). 

These statements are illustrated by the results tabulated below. 
The amount of silica taken is given as g. per 100 c.c.: in all other 
cases, concentrations are expressed as g.-equiv. per litre. 

The silica was purified, and the pg measurements were made, as 
previously described. The reactions were carried out in wax- 
coated glass flasks. The amount of hydroxyl-ion remaining in 
solution was calculated from the pg measurements by means of 
the values of Michaelis for 1/log K,, at the temperatures at which 
the experiments were made: these varied between 33° and 38°. 
From the hydroxyl-ion concentration, the concentration of free 
base was calculated from its known degree of dissociation at the 
working concentration. 

Titration with standard hydrochloric acid gave the concentration 
in solution of the free base plus soluble silicate, and this, subtracted 
from the amount of base taken, gave the amount of the base retained 
in the solid phase. Neither thermostats nor shakers were used in 
this work. 

TABLE II. 


Effect of time on the progress of the reaction. 


Silica 0:5%. Base 0-0365N. 


IED us vies vn bin. ns o> sake Cand nve pa 20 hours 48 hours 70 hours 12 days 
% NaOH neutralised ...... 53 63 86 94. 
% Ca(OH), neutralised ... 68 79 98 99 
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Age roe 
Tasie III. v ma 
Comparison of the amounts of solid silicate formed from/different 
bases after 1 day. Initial concentration of base 0°4051. 


Base Fraction of Solid silicate Silicate Solid as 
Base. neut. base neutr. per litre. in soln. % of total. 
NaOH 0-027 0:66 0:0014 0-026 5-2 
KOH 0:029 0:71 0-:0019 0:027 6-5 
Ba(OH), 0-021 0:54 0:0063 0-014 30 
Ca(OH). 0-034 0:84 0-034 0-000 100 


The results follow the solubility relationships of the silicates of 
these four bases. 

The barium experiment was made at a different time, and the 
initial concentration of the base was 0-0392. 


TABLE IV. 


Effect of the concentration of the base on the amounts of silicate 
formed in the solid and liquid phases after 2 days. 


Initial Final Total Solid Silicate in 
NaOH. NaOH. silicate. silicate. soln. 
0-004 0-00016 0-0038 Small 0-0038 
0-014 0-00058 0-0134 0-00024 0-0132 
0-030 0-00159 0-0285 0-00032 0-0282 
0-060 0:00828 0:0515 0-00112 0:0504 
TABLE V. 


Effect of the amount of silica taken on that of the silicates formed 
in the solid and liquid phases after 8 days. 
NaOH, Ba(OH),, Ca(OH),, 
Base. 0-040. KOH, 0-040. 0-039N. 0:038N. 
% Silica 
args 0:5 1:0 0-5 1-0 2-0 0-5 1:0 0:5 1-0 
oli 
gales 0:0014 0:0027 0-0011 0-00210:0047 0:0063 0:0138 0-0349 0-0351 
ilicate 
a soln. 0:0366 0:0369 0:0379 0:03830-0358 0:0054 0:0092 0:0028 0-0027 
0/, Base 
nou; Ok OT 97 100 100 30 58 99 99 
(Note.—The experiments with sodium hydroxide were carried out with a 
different specimen of silica: this does not affect the relationships which the 
above table is designed to show.) 


From the above two tables it appears that there is (a) a direct 
equilibrium between solid silica, solid silicate and liquid phase 
(hydroxide and silicate in solution) which is the main factor in the 
case of sodium and potassium; and (b) an ordinary solubility 
relationship between solid and soluble silicates which is the main 
factor where, as in the case of calcium and barium, no easily soluble 
silicates exist. It follows from (a) that any reduction in the 
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amount of free silica should be accompanied by a reduction in the 
amount of solid silicate, and this is shown by the following figures 
for the time effect of a stronger solution of sodium hydroxide on 
silica: the gradual passage into solution of the silica is accom- 
panied by a fall in the amount of solid silicate. | 


TABLE VI. 


_ Simultaneous disappearance into solution of silica and solid silicate. 
1% Silica = 0-167 mol. per litre. NaOH, 0-0101N. 


Time. Pu Total silicate. Solid silicate per litre. 
5 hours 11-94 0-:0768 0-0057 
1 day 11-41 0-0937 0-0046 
2 days 11-15 0-0972 0-0040 
a 11-00 0-0981 0-0039 
ss 10-93 0-0986 0-0037 


Effect of Neutral Salts on the Reaction.—The reactions between 
neutral salts and silica have been dealt with in the previous paper : 
acidity is always developed and some of the base goes into the solid 
phase. The addition of a salt to a mixture of silica and alkali 
should favour the formation of insoluble silicate by depressing the 
solvent and hydrolytic action of the water, and this is found to 
be the case. Table VII gives the results of parallel experiments 
carried out with and without the addition of the chloride of the 
base concerned. 


TaBiE VII. 
1% Silica and 0-04N-base. Time of standing, 1 day. Conc. of 
salt soln. = JN. 
Fraction of added base found in solid phase. 
Base. Without salt. With salt. 
NaOH 0-030 0-078 
KOH 0-035 0-149 
Ca(OH), 0-70 0-85 
Ba(OH), 0-161 0-210 


Experiments carried out with sodium chloride and different 
amounts of silica showed that, as before, the amount of silica 
determined that of the solid silicate formed (which is, of course, 
very small in the absence of free base). Titration methods could 
not be applied, but the hydrogen ions liberated were equivalent 
to the solid silicate, and this is seen to be roughly proportional 
to the silica taken. 

Tasie VIII 
Silica taken. pu of mixture. H-ion cone, 


1% 4-01 0-00010 
2% 3-74 0-00018 
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Summary. 


(a) The action of an alkaline hydroxide on silica results in the 
formation of a solid silicate, part of which passes into solution. 
The amount of solid silicate formed is very small with sodium 
and potassium, about 50% in the case of barium, and nearly 100% 
with calcium. These results are in accordance with the solubilities 
of the silicates of these bases. 

(6) In the case of sodium and potassium, the small amount of © 
solid silicate produced is roughly proportional to the weight of 
silica taken, although the amount of silicate in solution is only 
slightly affected. These relationships show that the solid phases 
(silica and silicate) are directly concerned in the equilibrium. 

(c) The addition of a neutral salt increases considerably the 
amount of solid silicate produced. 


WELLCOME TROPICAL RESEARCH LABORATORIES, 
KHARTOUM. [Received, July 1st, 1925.] 


CCCLXXXIX.—Isomeric Change in Aromatic Com- 
pounds. PartI. The Conversion of Diacylanilides 
into Acylamino-ketones. 


By ArtTHUR WILLIAM CHAPMAN. 


In the course of an investigation on imino-aryl ethers it was found 
that when a current of dry hydrogen chloride was passed through 
fused dibenzanilide at 250—270° benzoyl chloride and benzanilide 
were produced : 

PhN(COPh), + HCl = PhNH-COPh + PhCOCI. 
Diacetanilide decomposed in a similar manner, yielding at 150— 
170° acetyl chloride and acetanilide. 

Diacylanilides, when heated in presence of either hydrogen 
chloride or zinc chloride, are converted into the corresponding 
acylamino-ketones by what has been regarded as an intramolecular 
change (Chattaway and Lewis, J., 1904, 85, 386, 589, 1663; Angel, 
J., 1912, 104, 515; Derick and Bornmann, J. Amer. Chem. Soc., 
1913, 35, 1269). Migration does not occur in the absence of a 
catalyst of this kind, and the necessary conditions are exactly those 
under which hydrogen chloride decomposes the diacylanilides. It 
seems, then, more reasonable to suppose that, with hydrogen 
chloride as catalyst, the change takes place by decomposition of the 
diacylanilide into acyl chloride and anilide and recondensation to 
yield the ketone and hydrogen chloride : 


C,H,NAc, + HCl->O,H,-NHAc + AcCl—>C,H,Ac‘NHAc + HCI. 
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Zinc chloride, especially if it has been allowed to become damp, 
usually contains a little free hydrogen chloride, and this would 
account for its catalytic activity. Diacetanilide remained almost 
unchanged when heated at 140—160° in presence of dry zinc chloride 
alone, but was readily converted into p-acetylaminoacetophenone 
when hydrogen chloride was passed into the mixture. The hydrogen 
chloride therefore appeared to be the essential factor, although the 
zine chloride no doubt assisted by acting as a condensing agent in 


_ the second stage of the conversion. 


The conversion of diacylanilides into acylamino-ketones furnishes 
yet another example of the numerous isomeric changes in the 
aromatic series which have been shown to proceed by fission of the 
mobile group followed by recondensation, such as the Hofmann— 
Martius change (Beckmann and Correns, Ber., 1922, 55, 852), the 
Fischer—Hepp change (O. Fischer, Annalen, 1895, 286, 145), the 
conversion of phenolic esters into hydroxy-ketones (Skraup and 
Poller, Ber., 1924, 57, 2033), and the isomeric change of imino-aryl 
ether hydrochlorides (J., 1922, 121, 1676; 1923, 123, 1150). 

It is proposed to extend the present study to other similar 
isomeric changes which have not yet been investigated from this 
point of view. 


KXPERIMENTAL. 

Decomposition of Dibenzanilide and of Diacetanilide by Hydrogen 
Chloride—Dry hydrogen chloride was passed through the fused 
diacylanilide, the temperature of which was gradually raised until 
distillation began and was then maintained constant until no more 
liquid came over. 

Diacetanilide (20 g.) yielded a colourless distillate (6-7 g.), b. p. 
51—53°, which reacted with p-toluidine to give aceto-p-toluidide 
(m. p. 147°). The residue (11-5 g.), b. p. 286—290°, crystallised 
from benzene or water in shining leaves (m. p. 114°, alone or mixed 
with acetanilide). 

p-Aminoacetophenone, p-acetylaminoacetophenone and acetanilide 
did not yield any acetyl chloride on treatment with hydrogen chloride 
even at 200—250°. 

Dibenzanilide (10 g.) yielded benzoyl chloride (2:1 g.; b. p. 
193—200°; converted by phenol and sodium hydroxide into 
phenyl benzoate, m. p. 68—69°) and benzanilide (4:8 g.; m. p. after 
recrystallisation 159—160°, not depressed by admixture with an 
authentic specimen). 

Conversion of Diacetanilide into p-Acetylaminoacetophenone.—A 
mixture of diacetanilide (20 g.) and powdered dry zinc chloride 
(3 g.) was heated at 140—160° while hydrogen chloride mea ed into 
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it for 44 hours. Since p-acetylaminoacetophenone is difficult to 
isolate as such, the product was hydrolysed by boiling with con- 
centrated hydrochloric acid (150 c.c.) and the solution was made 
alkaline with solid sodium hydroxide, steam-distilled to remove 
aniline, cooled, and filtered. Boiling light petroleum extracted 
from the precipitate about 2 g. of p-aminoacetophenone (m. p. 
106—107°, not depressed by admixture with an authentic sample). 

In a similar experiment without hydrogen chloride, no p-amino- 
acetophenone was isolated from the light petroleum extract, but the 
alkaline aqueous liquor gave a deep red dye on diazotisation and. 
coupling with 6-naphthol. In two control experiments in which 
diacetanilide was heated alone, no p-aminoacetophenone could be 
detected even by the diazo-reaction. 

p-Aminoacetophenone was also obtained by passing acetyl 
chloride vapour through fused acetanilide and zine chloride, but was 
accompanied by much diphenylethenylamidine (m. p. 132—133°), 
formed by the condensation of 2 mols. of acetanilide with elimination 
of acetic acid. 


Tur UNIVERSITY, SHEFFIELD. [Received, October 14th, 1925.] 


COCXC.—The Partial Pressures of Water Vapour and 
of Sulphuric Acid Vapour over Concentrated 
Solutions of Sulphuric Acid at High Temperatures. 


By Joun Smeato THomas and WILLIAM FRANCIS BARKER. 


Tuts investigation was undertaken with the object of extending the 
measurements of Thomas and Ramsay (J., 1923, 123, 3256). These 
authors determined the partial pressures of the sulphuric acid only. 
It seemed desirable also to obtain data regarding the partial pressures 
of the water vapour in equilibrium with concentrated solutions of 
the acid over the same range of temperature. 

At an early stage in the work it became evident that the 
results obtained in the previous investigation were uniformly 
low. Further examination revealed two sources of error: (a) 
adsorption of sulphuric acid vapour on the glass wool employed to 
remove ‘‘ mist,’’ and (5) the possibility that the liquid was not in 
thermal equilibrium with the heating bath. Of these, the former 
is the more serious; it had been foreseen, but the precautions taken 
against it now appear to have been inadequate. As regards the second 
possibility, in the previous work the actual temperature of the acid 
was not measured ; it was assumed to have attained the temperature 
of the bath, considerable time having been allowed for this purpose. 
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In this investigation, the apparatus was modified to eliminate 
these errors as far as possible, and measurements of the partial 
_ pressures of the water vapour and of the sulphuric acid were made 
at a series of temperatures ranging from 180° to 300°. The dynamical 
method (loc. cit.) was again employed, the partial pressures being 
calculated from the experimental data by the method of Foote and 
Scholes (J. Amer. Chem. Soc., 1911, 33, 1309), but whereas in the 
_ previous work the volume of the water vapour removed by the 
current of air was either neglected, as in the case of the more con- 
centrated solutions examined, or calculated * from Burt’s measure- 
ments of the total vapour pressure (J., 1904, 90, 1339), the sulphuric 
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acid partial pressures of these more dilute solutions being assumed 
to be negligible, in the present work it was obtained from the actual 
weight of water removed by the air. The partial pressure is then 
given by the formula 
Shee 760 v/(v4 SKS V2), 
in which v represents the volume of the water vapour or the sulphuric 
acid vapour as the case may be, v, the volume of air (reduced to 
N.T.P.), and v, the combined volumes of the water vapour and the 
sulphuric acid vapour removed during the experiment. In calculat- 
ing these volumes the value 22-3 litres was taken for the gram-mole- 
cular volume. 
EXPERIMENTAL. 


The modifications in the apparatus can best be understood by 
reference to Fig. 1. 


| * In the previous communication reference to this correction for the 
volume of the water vapour was inadvertently omitted. 
| 5 o* 2 
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A current of air from the aspirator A was dried and freed from 
carbon dioxide by passing it through the vessels B and C, containing 
concentrated sulphuric acid and soda-lime, respectively. ‘The 
aspirator was fitted with the manometer D in order that the air 
supply might be kept at constant pressure—a pressure equivalent 
to 900 mm. Hg was found to be convenient. This greatly facilitated 
the experimental manipulation of the apparatus. From C, the dried 
and purified air passed through the saturators E and F, which con- 
tained the acid solution under investigation. 

These saturators, each having a working capacity of approxi- 
mately 250 c.c., were constructed and arranged in the thermostat 


in the manner indicated in the diagram. They were half filled — 


with short pieces of glass tube of narrow bore and worked very 
efficiently ; the tiny air bubbles produced by the constricted vertical 
air inlet tube followed a circuitous path and remained in contact 
with the acid for a considerable time. From the bottoms of the 
saturators vertical tubes passed through the bottom of the thermo- 
stat and to these taps were sealed, by means of which acid was 
introduced and specimens could be withdrawn for analysis. To the 
upper portion of the final saturator a wide glass tube was sealed ; 
a thermometer, fitted into this by means of the ground joint, G., 
dipped below the surface of the acid, the actual temperature of which 
could thus be observed. Although no regulator was used, this 
temperature remained very constant; variations in the voltage of 
the electrical supply occasionally gave rise to slight changes. During 
an experiment the temperature was observed at 2-minute intervals. 
These readings were plotted and from the graph the mean temper- 
ature was obtained. 


The thermostat consisted of a double-walled box, the outer wall 


being of galvanised iron and the inner wall, which was separated 
from the outer by an air space of about 4 inch, of asbestos slate. 
Through each side of the box two insulated terminals passed, leading 
to the heating units—spirals of nichrome wire—any of which could 
be used or cut out at will, according to the temperature required. 
The final temperature regulation was effected by means of an 
adjustable external resistance. 

The air, saturated with acid vapour, passed from the final saturator 
through the absorbing vessels, J, into the measuring device, K. ‘Two 
of these vessels were employed, but only one is shown in the diagram. 
Each had a capacity of about 300 c.c.; the volume between the 
fixed marks had been carefully determined and the lower limb was 


graduated. During the experiment water was run out at such a | 


rate as to keep the air under atmospheric pressure. 


Each experiment involved two determinations: (a) the total 
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weight of vapour (sulphuric acid and water) removed by a given 
volume of air, and (5) the weight of the removed sulphuric acid 
vapour alone. For the determination of the total weight of vapour 
a series of absorption tubes was used. These contained solid sodium 
hydroxide followed by granular calcium chloride and were carefully 
weighed before and after each experiment with all the usual pre- 
cautions. For the estimation of the sulphuric acid vapour the 
conductivity method described (loc. cit.) was employed, except in 
the case of the 99-23% solution; no water vapour could be detected 
in the vapour from this and the increase in weight of the absorption 
tubes was assumed to be entirely due to sulphuric acid. 

Connexion between the absorbing vessels and the final satiirator 
was made by means of the carefully ground joint, H, which was 
situated inside the thermostat, thus obviating the premature con- 
densation of vapour. The inner portion of this joint projected into 
a small bulb, not shown in the diagram, the object of which was to 
prevent the creeping of acid along the surface of the glass into the 
absorbing vessels. 

Preliminary experiments having disclosed that the use of glass 
wool for the prevention of the mechanical transference of acid in the 
form of “mist ” leads to serious errors, this end was attained by 
using an extremely slow current of air; in the final experiments the 
rate of flow never exceeded 150 c.c. per hour. On examining the 
brightly illuminated space above the surface of the acid, no trace 
of mist could be seen. 

The strength of the various acid solutions examined was deter- 
mined gravimetrically. Analysis of four samples from each saturator 
at the close of the series of determinations revealed no change in 
concentration. 


The Variation of the Partial Pressures with the Temperature. 


Five series of measurements were made on sulphuric acid solutions 
of concentrations between 89-25 and 99-239, H,SO,, in each case 
at a number of different temperatures ranging from 180° to 295°; 
on account of the lower boiling points of the more dilute solutions 
measurements could not be made at the higher temperature. The 
results are in Table I, in which the pressures are expressed in mm. 
of mercury. 

In calculating the values in columns 2, 3, and 4 the assumption 
has been made that the sulphuric acid vapour is not dissociated, 
whilst the values in the next three columns are:based on the 
assumption that complete dissociation of the acid vapour occurs. 
The values for the dissociated acid cannot be obtained from the 
corresponding figures for undissociated acid by means of the expres- 
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TaBLe I. 
Series A. 89-25% H,SO,. 


Assuming complete dissociation. 
aay 


t. PH2S0«° PH20- rr. P80: ' H20- PP, 
183-0° 0:5 - 78:8 79-3 0-5 79-2 79-7 
197-5 1-3 116-9 118-2 1-3 118-0 119-3 
216-5 2-1 233-1 235-2 2-1 234-6 236-7 
230-0 3°6 306°3 309-9 3°6 308-4 312-0 
241-5 5:3 414-8 420-1 5:3 417-2 422-5 

Series B. 91-26% H,SO, 
191-0 0-6 50-7 51:3 0-6 51-3 51-9 
205-0 1-9 84-7 86-6 1°9 86-1 88-0 
222-0 4-5 158-5 163-0 4:5 162-1 166-6 
242°-5 6-4 271-6 278-0 6-4 275-7 282-1 
252-5 11:3 385:3 396-6 i Bt 390-7 401:8 
258-0 13-6 448-7 462-3 13-4 454-2 467-6 
262-5 16-3 411-1 427-4 15-9 419-0 434-9 
Series C. 95-06% H,SO,. 
180-0 2-1 10-1 12-2 2-1 12-2 14-3 
200-0 4:8 21:2 26-0 4:8 25:8 30-6 
215-5 8-5 46-5 55:0 8-4 54-4 AL 
232-0 13-4 91-9 105-3 13-2 103-5 116-7 
244-5 19-9 120-1 140-0 19-4 136-4 155-8 
252-0 20-0 156-5 176-5 19-5 172-0 191-5 
261-0 27-9 180-7 208-6 26-9 201-1 228-0 
270-0 39-9 254:9 294-8 37:8 279-6 317-4 
280-5 52-0 310-0 362-0 48-7 351-9 400-6 
282-0 52-6 350-2 402-8 49-2 376-5 425-7 
Series D. 98-06% H,SO,. 
204-0 5:9 0-0 5:9 5-9 5:9 11-8 
218-5 9-8 1-5 11:3 oe 11-2 20-9 
234-5 14-7 3-2 17:9 14-4 17-6 32:0 
249-0 28-5 2:6 31-1 27:5 30-0 57°5 
261-0 38:8 5-0 43-8 36-9 41-6 78:5 
273-0 61-9 5:3 67-2 57-2 62-5 119-7 
285-0 91-6 11-8 103-4 81-8 92-2 174-0 
295-0 132-3 14-7 147-0 112-7 125-2 237-9 
Series EH. 99-23% H,SO,. 
211-0 33-2 ae 33-2 33-2 33-2 66-4 
225-0 49-9 a 49-9 49-9 49-9 99-8 
227-0 55:4 —_ 55:4 55:4 55:4 110-8 
244-0 84-1 a Sif 84-1 84-1 84:1 168-2 
261-0 163-8 — 163-8 163-8 163-8 327-6 
270-0 229-8 — 229-8 229-8 229-8 459-6 
281-0 272:°3 — 272°3 272-3 272:°3 544-6 
290-0 381-5 — 381-5 381-5 381-5 763-0 


SIONS Px,s0, = P'so, ANd P' sic, = 2u,80, + Pu,o, Where p’ refers 
to acid in which dissociation is assumed. The reason for this lies 
in the method, which is applicable whichever assumption is made, 
but which does not allow of results being translated from one basis 
to the other because of the volume change which must be taken 
into account. The following example, taken from an actual experi- 
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ment on 91-26% H,SO,, makes this point clear. In this example 
the question is simplified because the volume of air used in the 
two runs chanced to be the same. 292-3 C.c. of air at N.7T.P. were 
passed through the acid (262-5°). The increase in weight of the 
absorption tubes was 0:3554 g. and the weight of acid absorbed 
in conductivity water was 0-0630 g. Assuming no dissociation : 
Vol. of 0-0630 g. H,SO, and 0-2924 g. H,O at N.7.P. = 14:3 and 
362-2 c.c., respectively. Total vol. = 668-8 c¢.c. Pzx,s0, = 14:3 X 
- 760/668-8 = 16-3 mm. and px, = 362-2 x 760/668-8 = 411-1 mm. 
Therefore P = 427-4 mm. Assuming the acid to be completely 
dissociated : Weight of SO, in the acid vapour removed = 0-:0630 Xx 
80/98 = 0-0514 g., and weight of water removed = 0-3554 — 
0-:0514 = 0-3040 g. The corresponding volumes at N.7'.P. are 14:3 
and 376-6 c.c., respectively. Total volume = 683-2 ¢.c. p'so, = 
14:3 x 760/683-2 = 15-91 mm. and p’x,o = 376-6 x 760/683-2 = 
419:0 mm. Therefore P’ as, = 484:91 mm. But 2pu,s0, + Pu.0 = 
443-7 mm. The difference between the results obtained by the 
two methods of calculation is not serious for the more dilute acids 
at moderate temperatures. It becomes important at higher tem- 
peratures, especially when the concentration exceeds 95%. 
Although, for the sake of uniformity, all the experimental results 
are carried to the first decimal place, this degree of accuracy is not 
necessarily claimed for each single determination. 

At low temperatures the relation between temperature and 
partial pressure of the water or of the acid vapour was approximately 
linear in both cases. At higher temperatures, however, the partial 
pressures increase, with increasing temperature, more rapidly than 
this simple telationship demands. The variation of the partial 
pressure with change of temperature can be represented with con- 
siderable accuracy by expressions such as that used by Perman for 
solutions of ammonia in water, or better, by Rankine’s equation 
log» p=«—8/7 —ylog7. The constants «, 6, and y, in the latter 
expression were obtained in the usual way from values taken from 
the smoothed curve. 


99:23% H,SO, p a=— 20-0946; B= 1695-86; y=— 9-3427. 
Puso, & = S2878 5 psx, 238977 sry =a 0-5166. 
98-06% H,SO, {pu a= 20-7109; B= 5415-31; y=  3-6353. 
P a= 108170; B= 4618-21; y= _0-2571. 
Passo, @ =—106-5692; B =—4828-25; y =—36-2945. 
95-06% H,SO, Jpmo a= 22-4406; B= 4541-0; y= 42726. 
\P a= 84658; B= 3516-97; y =—_0-1707. 
Piso, a= 48-2388; B= 7026-67; y= 12-4310. 
91-26% H,SO, J pmo a= 65-2394; B= 7364-24; y = 17-8856. 
P a —= 66-8040; B= 1748328; y= 18-3659. 
Pugo, a=  75°56303; B= 8529-90; y= 21-4699. 
89-25% H,SO, | pmo a=— 325120; B= 216-85; y =—13-114. 
P a =— 335235; B= 165-653; y =—13-4453. 
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TABLE II 
99-23% H,SO,. 98:06% H,SO,. 
pT remem TT TT 
PH280s" PH2S04: PuHS0. PHS0. Peo: PuHa0- 
f obs. cale. F., obs. cale. obs. cale. FF; 
180° 10-0 9-5 19-5 1-5 1:3 0-14 0-12 3°2 
185 12-0 12:7 24-0 2-0 1-7 0:18 0-16 4:2 
190 14-2 14:0 28-0 2-6 rahe 0:25 0-21 5-1 
195 ies 16:95 34-2 3°2 2:7 0:30 0:27 5:5 
200 21:0 20:5 41:0 4:0 3°45 0°35 0:35 8-0 
205 24-5 24:6 48:0 4-7 4:3 0-45 0:44 9-7 
210 29-0 29-5 58-2 6-2 5-4 0-57 0-55 12:0 
215 34-2 35:3 68-5 7°5 OF ere 0:69 15-0 
220 41-0 42:1 81-0 8:7 8°3 0:90 0:87 18-2 
225 49-0 50-0 94:5 10-5 10:2 1:10 1:07 22-0 
230 58-0 60-1 110-5 13:0 12:5 1-32 1-30 27-0 
235 67:5 70-6 128-0 15:7 15°3 1-67 1-64 32:7 
240 80-0 83-1 149-7 18°7 18:6 2:00 2-01 39-2 
245 94-0 97:7 173-0 22-5 22-2 2-40 2-45 46:7 
250 111-0 1155 198-2 27-0 27-1 2:95 2:98 ‘56-0 
255 13150) 3845) 227-0 32-2 32-6 3°52 3°61 66-7 
260 153-0 158:0 257-5 38:5 39-2 4-22 4:35 78:7 
265 179:0 1843 291-0 46:2 46:7 5-10 5-20 92-5 
270 209°5 2149 327-5 55-5 55-6 5-15 6-25 109-0 
275 243:0 250°:5 368-0 66-0 66-1 7°42 746 127-5 
280 282:2 286-6 412-0 78:5 78:1 8-85 8-94 150-2 
285 328:0 326:6 459-0 92-7 92:3 10°52 10:50 175-5 
290 380:0 389-1 500-2 109-5 109-1 12-47 12:40 205-0 
295 440°0 448:4 6565-5 130-7 132:7 14:65 -14-60 240-5 
300 505°2 517-2 626-2 150-1 151-7 17-10 17-12 284-0 
305 577:0 596-2 692-0 174:°5 1742 19-95 20:02 336-5 
310 659°'5 684-7 — 203:5 202-8 23-0 23°35 393-5 
315 752-0 — — 235:0 235-5 26-45 27-14 456-0 
320 — 785-1 ae 270:0 272-7 30-25 31:50 515-0 
95-06% H,SO,. 91-26%) ESO, 
ERT ATT FARRER ARB ORT aT AGATE WLC ae 7 ~ 
PH:S0. PHS. PH20- PH20- PH2804: PH2S804 PH20: PH20- 
i obs. cale. obs. cale. pe obs. ecale. obs. ecale. PP. 
180° 3°2 3-1 11:0 11:7 16-4 0:47 O51 33:5 316 #£35-0 
185 3°5 35 12:55 143 418-2 0:62 0-66 41:0 39:0 42-0 
190 4-0 4:0 16:5 17:5 22-0 0-82 0-84 48:5 49-0 50-0 
195 4°5 4:6 20:5 213 27-2 1:05. 1:07 59:0 584 61-2 
200 5-1 692) 25-6 268) 81-7 1:35 1:35 70:0 70-7 78-1 
205 5-9 6:0 31:0 31-1 38-5 1:71 1:70 85:4 85:4 88-0 
210 6:7 6-8 37:0 37:3 46-2 2:14 2-13 102-6 102-6 106-2 
215 7:7 19 44:0 445 55-0 2°65 2-63 122-0 120-4 127-2 
220 9-1] 9-1 53:0 53:0 66-0 3:27 3-24 146-2 144-3 152-0 
225 10:3. 10-4 62-2 62:5 79-1 3:98 3-98 172-0 170-4 179-5 
230 11:9 12:0 74:0 74:1 93-5 4:85 4-84 200:9 199-2 209-5 
235 13:7 13:8 87-0 87:2 110-5 5:87 5:88 233-0 233-0 244-0 
240 15-6 15:9 102-2 102-1 130-0 7-07 7-12 271-0 270-6 283-0 
245 18:1 18-4 119-5 119-4 152-3 8-55 8-55 313-0 312-1 327-0 
250 20:9 21-2 139-0 139-0 176-0 10:25 10-22 360-5 360-1 377-2 
255 24:3 24-4 160-2 161-3 202-5 12:25 12-16 413-0 413-0 433-5 
260 28-1 28-3 185-2 186-5 231-0 14:60 14:45 469-2 470-8 499-5 
265 32:5 32-6 213-5 215-0 263-2 17°30 17-01 532-5 535-5 561-2 
270 37:9 38:0 245-0 247-1 300-0 20:30 20-02 600-0 604:5 636-5 
275 43:6 43-9 281-7 282-3 343-0 24:9 22-42 675-2 684-9 721-0 
280 50:2 50-7 323-0 323-8 393-0 
285 58:0 58-4 369°0 369-4 452-2 > 
290 67:5 67:9 420-0 420-2 522-0 
295 78:5 78:4 478-0 476-3 600-0 
300 §=6©91-5 90:7 539-5 538-6 690-0 
305 106-5 105-7 608-0 607-7 — 
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TABLE IT (continued). 
89-25% H,SO,. 


PrS04 PH230s: PH20- PH20- PHs804 PH2804 PH20' PHs0- 
t obs. ecale. obs. cale. hop t obs. calle. obs. calc. tA 


180° 0:45 0-47 69-9 69:4 70-7 225° 3:07 3-12 263-7 265°5 268-0 
185 0-60 0-60 82:5 ° 788 83:5 230 3:67 3-71 303-0 306-0 307-9 
190 0-75 0-75 96:0 94:7 97:3 235 4:34 442 347-0 348-9 353-2 
195 0-95 0-94 111-7 110-3 113-2 240 5:10 5-22 400-0 403-2 408-0 
200 1:18 1:17 128-1 128-4 131:0,245 6:00 6:13 463-0 462-8 471-2 
205 1:43 1:44 149-5 148-7 160-9 250 7:13 7:16 534-1 530-0 545-0 
210 1:75 1:76 172-0 172-2 174:8 255 8-25 8-35 614-0 605-0 628-5 
215 2-12 2:15 198-5 199-4 201-7 260 9-56 9-66 702-0 691:5 723-5 
220 2-56 2°59 229-5 230-0 235-5 


The values of the partial pressures and also of the total pressures 
taken from the smoothed curve, which may be looked upon as the 
true experimentally determined values, agree closely with the values 
calculated by means of these equations over the whole range. As 
was to be expected, the divergences are greatest at low temperatures. 
The observed and the calculated values of the partial pressures are 
set out in Table II. The values of P are obtained from the observed 
values on the assumption that the acid vapour undergoes complete 
dissociation. 

On extrapolating the total-pressure curves to 760 mm. the boiling 
points of the different solutions are obtained. 

Data concerning the boiling points of concentrated solutions of 
sulphuric acid have been given by Marignac (see “ Sulphuric Acid 
and Sulphur Dioxide,” Wyld, p. 194) and Beckmann (Z. physikal. 


-~ Chem., 1905, 53, 129). The values obtained in this investigation 


are in good agreement with those obtained by graphical interpolation 
from the above-mentioned sources. They are shown in Table III. 


Taste III. 
B. p:eale; 
Cone. B. p. from B. p.cale. B.p.from. Piso,  PH20 assuming H,SO, 
of Vicks from other at b. p. at b. p. vapour 
acid. curve. equation. data. (mm.). (mm.). dissociated. 
99-23% 315-2° 313-8° 310° —- —- 309-75° 
98-06 349 352-8 331—338* 678-7 81-3 332°5 
. 95-06 307°5 307-6 300 115 645 302°5 
- 91-26 278-0 278-1 268:°7 26-5 733°5 277 
89-25 261-5 263-2 257 12:9 747-1 261 


* The value 331-7° given by Landolt and Bornstein (‘‘ Tabellen,” 5th ed., 
p. 1433) on the authority of Beckmann for the boiling point of pure sulphuric 
acid clearly should refer to the constant-boiling mixture containing 98:3% 
H,SO,. 


In columns 5 and 6 of the above table are given the partial 
pressures of the water vapour and of the sulphuric acid vapour 
respectively at the boiling point. 
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Throughout this work it has been assumed that the sulphuric 
acid vapour remains undissociated. Whilst this may be approxi- 
mately true at the lower temperatures, and especially for the more 
dilute solutions, the vapour in equilibrium with which always 
contains a large excess of water molecules, at higher temperatures, 
particularly in the case of the more concentrated solutions, this 
assumption cannot be justified. According to Dittmar (Chem. 
News, 1870, 20, 258) pure sulphuric acid in the state of vapour is 
practically completely dissociated. If this is so, the values obtained 
for the sulphuric acid partial pressure will be lower than the real 
partial pressure of the dissociated acid, and the boiling points 
obtained from these measurements will therefore be too high. The 
figures given in Table III show this to be the case, although it should 
be pointed out that this influence, even supposing it to exert its © 
maximum possible effect, is comparatively slight for solutions the 
concentrations of which lie below 95% H,SO,. For example, 
whereas complete dissociation of the sulphuric acid vapour would 
increase the total vapour pressure of 98-06% acid at 275° from 73:4 
mm. to 127-5 mm., an increase of 737%, in the case of 91-26% 
H,SO, the increase, at the same temperature, amounts to 3% only. 

Unfortunately, the extent to which sulphuric acid vapour is 
dissociated at different temperatures and in the presence of widely 
varying concentrations of water vapour is not known and, conse- 
quently, no systematic correction for this factor can be applied to 
the values obtained in this research. In Table II values are given 
for the total vapour pressures, based on the assumption that the 
sulphuric acid vapour is always completely dissociated. For 
solutions containing less than 95% H,SO,, the increase in the total 
vapour pressure due to this factor is very slight. In the last column 
of Table III are given the values obtained for the boiling points 
when it is assumed that the sulphuric acid vapour is completely 
dissociated. ‘These figures approach very closely indeed to the 
generally accepted values. 


The Variation of the Total Pressure and of the Partial Pressures with 
the Concentration. 


The mode in which the total vapour pressures and the component 
partial pressures over concentrated sulphuric acid solutions vary 
when the compositions of these solutions is changed is illustrated in 
Fig. 2. In this diagram the total pressure, the Yx,s0,- and the 
Pu,o-isothermals have been drawn for temperatures of 260°, 230°, 
and 200°. These isothermals are typical. 

The form of these curves is striking. In the case of both the 
Puso,- and the py,o-isothermals a sudden and very marked change 
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of direction occurs when the solution contains 98-2°% of sulphuric 
acid. The total-pressure isothermals exhibit a pronounced minimum 
at the same composition. This concentration agrees very closely 
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indeed with that of the constant-boiling mixture, which is usually 
considered to contain 98-3% H,SO,. 
At this concentration the composition of the liquid and gaseous 


2830 THOMAS AND BARKER: THE PARTIAL PRESSURES OF 


phases must be the same and, assuming the vapours in equilibrium 
with the liquid to behave as perfect gases, the ratio of the two partial 
pressures should be identical with that of the molecular fractions in 
the liquid. In Table IV these ratios are compared for a series of 
temperatures. 


TABLE LY. 
t. PHeS804- PH20: Pu280./PH20- M(t ae 
180° 1-5 0-14 10-7 10-01 
200 3°7 0:35 10:5 10-01 
220 10-5 0-85 10-23 10-01 
240 19-6 1°85 10:05 10-01 
260 39-7 3°8 10-45 10-01 
280 82-2 8-0 10-27 10-01 
300 159-0 15-5 10-30 10-01 


‘When the nature of the partial-pressure curves and the very large 
variations in pressure which accompany small changes in composition 
in the neighbourhood of this point are taken into account, the 
agreement is to be considered quite satisfactory. 

Since the partial pressures of both water and sulphuric acid vapour 
have now been determined, it is possible to test the applicability to 
concentrated sulphuric acid solutions under the conditions of these 
experiments of the Duhem—Margules equation 

dlog p,/d log M = d log p,/d log (1 — M) 
in which p, and p, represent the partial pressures of sulphuric acid 
and water vapours and M and 1 — M the molecular fractions of these 
substances in the liquid mixture. 


TABLE V. 
Cone. of 
H,SO, Ba eh ae Bee 
A an M. 1. Do. dp, —dpy. dp, p, M 


180° 89 0:5978 0-30 65 0-09 20-0 0-0045 0-0031 
91 0:6257 0-62 43 0-18 11-0 0:0164 0-0086 


93 0-6864 1:02- 26 0-22 9-0 0-0246 0-0179 
95 0-742] 1-55 13 0-27 6-0 0:0458 0:0414 
200 89 0:5978 0-86 128 0-25 37:0 0-0067 0-0051 
91 0-6257 1-50 80 0-40 23:5 0-0170 0-0112 
93 0-6864 2:37- 44:5 0-48 14-5 0-0331 0-0243 
95 0-742] 3°50 20-5 0-60 10-0 0-0610 0:0593 
220 89 0:5978 2:50 240 0:45 57:0 0-0079 0-0069 
91 0:6257 3°65 150-7 0-62 36-0 0:0172 0-0111 
93 0-6864 4-90 89:5 0-85 25-5 0:0383 0:0250 
95 0-:7421 6-85 46-0 1-10 18-5 0:0594 0:0517 
240 89 0:5978 4:86 406 0-80 90-0 0:0089 0-0081 
91 0:6257 6-9 291 1-05 63-0 0-:0167 0-0142 
93 0:6864 9-8 186-5 1-65 40-0 0:0412 0:0240 
95 0-7421 13-3 102-0 2°05 37:0 0:0553 0-0453 
260 89 0:5978 8-9 727 2-0 142-0 0-0141 0-0082 
91 0:6257 | 14-0 502 2-61 100-0 0:0261 0-0167 
93 0:6864 20:1 329 3:39 79:0 0:0429 0-0279 
95 0:7421 27:1 188 3°79 68-5 0:0553 0-0501 
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The integration of this expression involves certain assumptions 
regarding the relationship between the partial pressure of each 
component and the vapour pressure of that component in the pure 
state. If, however, the equation is written in the form 


_ Pi 1—-M 
dp, Py M 
it can be tested by substitution of the values obtained from the 
isothermals. The estimation of dp, and dp, was carried out 
graphically by drawing the approximate tangent to the isothermal 
at the required point. The results obtained are summarised in 
Table V. 

The values obtained for p,/p,.(1 — M)/M are invariably lower 
than those for — dp,/dp,, but in view of the fact that considerable 
dissociation of the sulphuric acid vapour probably occurs, close 
agreement was scarcely to be expected. 


Summary. 


1. The partial pressures of the water vapour in contact with 
- acid—-water mixtures containing from 89% ,to 99-3% of sulphuric 
acid have been determined at temperatures ranging from 180° to 
300° by a method previously described. 

2. The previously determined values of the sulphuric acid partial 
pressures were vitiated by adsorption of acid vapour on the glass 
wool employed to prevent mechanical transference of liquid, and 
‘have been redetermined. 

3. Both the water and the sulphuric acid partial pressures, and 
also the total pressure, can be represented by Rankine’s equation 

logp = « — 6/7 — ylog T, 
_ for which the various constants have been calculated. 

4. The boiling points obtained from the total pressure by extra- 
polation are considerably too high. If, however, it is assumed that 
complete dissociation of the sulphuric acid vapour occurs, values 
are obtained which are in good agreement with the accepted values. 

5. The pu,so,-» Puio-, and P-isothermals have been constructed for 
temperatures of 260°, 230°, and 200°. The P-isothermals exhibit a 
sharp minimum at a composition 98-2% H,SO,. The form of the 
partial pressure curves is in qualitative agreement with the Duhem-— 
Margules equation. The quantitative agreement, however, is not 
close, probably on account of dissociation of the acid vapour. 


THE UNIVERSITY, CAPE TOWN. [ Received, March 16th, 1925.] 
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CCCXCI.—The Partial Formaldehyde Vapour Pressures 
of Aqueous Solutions of Formaldehyde. Part II. 


By Witrrip LepBury and ETHELBERT WILLIAM BLAIR. 


THE investigation of the partial formaldehyde vapour pressures 
of aqueous formaldehyde solutions, described in Part I (this vol., 
p. 26), showed that, following a prolonged initial exposure at 15°, 
equilibrium between the liquid and vapour phases was only gradually — 
attained when the temperature of a solution was subsequently 
changed to 20° or 0°. An explanation of this was based upon the 
assumption that a new equilibrium between complex (polymerised, 
hydrated, etc.) and simple molecules in solution, depending on the 
temperature, was gradually approached as time elapsed. The ~ 
presence in aqueous formaldehyde solution of both the polymerised 
and monomolecular forms is made evident by the work of Auerbach 
and Barschall (Arb. Kais. Ges.-A., 1905, 22, 584; Chem. Centr., 
1905, II, 1081), who carried out molecular-weight determinations 
by the cryoscopic method. These determinations indicated that 
in solutions containing 37—38% (by vol.) of formaldehyde, there 
probably exist polymerides of complexity greater than trimolecular. 
Auerbach and Barschall concluded that the equilibrium between the 
different molecular forms of formaldehyde is reversible, so that the 
condition of aqueous solutions of formaldehyde, a short time after 
preparation, depends only on the concentration and temperature. 
In order to study further the influence of temperature and solution 
concentration on the partial formaldehyde vapour pressures of 
aqueous formaldehyde solutions, determinations have been carried 
out at 35° and 45°, and these new data correlated with those pre- 
viously obtained at 0° and 20°. 

It has been previously pointed out by the authors that methyl 
alcohol, when present in small amounts (compare the proportion of 
methyl alcohol to formaldehyde in commercial formalin), con- 
siderably enhances the partial formaldehyde vapour pressures of 
formaldehyde solutions at 20°. Formaldehyde in methyl-alcoholic 
solution and in a mixture of water and methyl alcohol, containing a 
large proportion of the latter, has since been investigated in this 
connexion, and also the effect of the presence of small amounts of 
the alcohol in formaldehyde solutions at 35° and 45°. 


EXPERIMENTAL. 


Method and Apparatus.—Aqueous solutions of formaldehyde, free 
from methyl alcohol, were prepared either by the method of con- 
tinuous refluxing previously described or by dissolving solid para- 
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formaldehyde, uncontaminated with methy] alcohol, in boiling water. 
The solutions so prepared were kept for 2 or 3 weeks at room 
temperature; it was then assumed that the equilibrium between the 
different molecular species of formaldehyde in solution had attained 
a value dependent only on the concentration and temperature of 
exposure, irrespective of the method of preparation (Auerbach and 
Barschall, loc. cit.; Auerbach and Pliiddemann, zbid., 1914, 47, 116). 
To ascertain the effect of the presence of small amounts of methyl 
alcohol on the partial formaldehyde vapour pressures of the solutions, 
the alcohol, having an acetone content of less than 0-10°%, was added 
to a series of the solutions in such amounts as to provide a constant 
ratio, CH,0/CH,O. For the preparation of formaldehyde in methyl- 
alcoholic solution, a current of dry nitrogen was passed over para- 
formaldehyde in a silica tube at 170°. Formaldehyde vapour, 
carried forward by the gas-stream, was absorbed in methy] alcohol, 
as free as possible from acetone. The solution was filtered from 
any insoluble polyoxymethylenes and kept several weeks before 
use. This solution has an exceptionally irritant action on the 
membranes of the eyes and nose. Unlike aqueous formaldehyde, 
it produces this effect after a minute or so. 

The formaldehyde content (ca. 15%) of this solution was estimated 
both before and after refluxing with dilute sulphuric acid, and the 
difference in the values showed that the equivalent of about 5 g. of 
formaldehyde per 100 c.c. was combined as methylal. When a 
methyl-alcoholic solution of formaldehyde was prepared by heating 
an excess of pure paraformaldehyde with methyl alcohol in a sealed 
tube for 6 hours at 120°, the major portion of the aldehyde in solution 
was combined as methylal. The free formaldehyde content was 
6-63 g. per 100 c.c., whilst the methylal present was equivalent to 
12-0 g. per 100 c.c. Refluxing paraformaldehyde with methyl 
alcohol at the ordinary pressure for 2 days yielded a solution con- 
taining 5:16 g. of free formaldehyde and 1-44 g. of combined 
formaldehyde per 100 c.c. 

As in the corresponding determinations at 20° and 0°, the 
‘“dynamic”’ or “ flow’? method was employed for the series of 
experiments at 35° and 45°. The apparatus used was similar to 
that described in Part I, except that a heating unit of 500 watts was 
substituted for the small carbon-filament lamp. Since accurate 
estimations of small amounts of formaldehyde are possible by the 
use of the iodometric method of Romijn (Analyst, 1897, 22, 221; 
see also Chem.-Ztg., 1901, 25, 74; Ber., 1898, 31, 1979; 1901, 34, 
2817), it was necessary to pass volumes of air of only 2 or 3 litres 
at the most for each vapour pressure determination. During the 
course of a run, involving several successive determinations on the 
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same solution, the alteration of the strength of the formaldehyde 
solution in the ‘‘ carburettors”’ was thus made negligible, even in 
the case of concentrated solutions at 45° (compare Part1). De Waal 
(Pharm. Weekblad, 1907, 44, 1207; J. Pharm. Chim., 1907, 26, 498) 
has shown that in presence of air increase of temperature promotes 
oxidation of formaldehyde in solution, but that this is slight even at 
50°, after an exposure for 400 hours. In the present series of — 
determinations, air was passed at the rate of about 1 litre in 3 hours. 
All estimations of formaldehyde and methyl alcohol were carried 
out as previously described, and a similar procedure of experi- 
mentation was followed. 


Formaldehyde Vapour Pressures of Aqueous Formaldehyde Solutions 
at 35° and 45°. | 


For solutions of formaldehyde not containing methyl alcohol, 
the vapour pressure values at 35°, obtained after the passage of 
several litres of air (for successive determinations), were slightly 
higher than those obtained at the outset. ‘This increase, however, 
was not nearly so marked as at 20°, and the eventual steady maxi- 
mum was more rapidly reached. Solutions containing methyl 
alcohol each gave a series of practically identical values from the 
beginning, and this was also the case with both sets of solutions at 
45°. It is evident that, at the temperatures under consideration, 
the new equilibrium between the various molecular species in 
solution is attained much more rapidly than at 0° or 20°. The 
equilibrium values of the formaldehyde vapour pressures for form- 
aldehyde solutions free from methyl alcohol, at 35°, are in Table I, 
and the corresponding values for solutions containing methyl 
alcohol (CH,O/CH,O = 0-13) in Table II. (In Tables I—V, g = 
grams of formaldehyde in 100 c.c. of formalin solution, m = mg. 
of formaldehyde vapour in | litre of issuing air at ¢°, and p = partial 
pressure of formaldehyde vapour in mm. of Hg.). Curves A and B 
in Fig. 1 represent the relationship between concentration of 
solution and partial pressure at 35° for pure solutions and for 
solutions containing methyl alcohol, respectively. 


(DaBrian le 
Pa aewekesides 1-09 5:15 11-8 18-6 20-8 31:0 39°5 
Boge: (di deosy's 0:27 1-13 2:06 2-87 3:17 4:27 4:58 
PV sae au ay alah aie 0:166 0:695 1-29 1:80 1-94 2°48 2-81 
TABLE LI. 
g (CH,O/CH,O = 0:13) ......... 5-24 13-05 23-7 - 38:3 
TA I Ne eT 1-200 2-52 3-97 5-39 
LAREN E LOD SONG Anes SA RRES BO AMD PEEL HN 0-735 1-56 2°45 3°34 
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The data obtained from solutions at 45° are in Tables III and IV, 
and the curves showing variation of formaldehyde vapour pressure 
with solution concentration are plotted in Fig. 2. 


TABLE III. 


RECS Ook docs Rant ee Or eb e eras dees 10-8 20:4 28°75 39-2 
SEE ot OD SES Ae 3°77 6-17 7-70 9-12 
MPa RES tts Cees ah eek se de leans 2-30 3°79 4-72 5:60 
TABLE LY. 
g (CH,O/CH,O = 0-13) ......... 9-76 19-15 27-0 37:1 
_ SECOND SRGA'S Ste (cee ai 3-88 6-62 8-62 10:9 
Poa wix-a'dd se SEE COSC aE Cook eek ook bic 2°39 4:07 5-3 6-68 
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Partial pressure of formaldehyde vapour in mm. of 
He at 45°. 


Partial pressure of formaldehyde 
vapour in mm. of Hg at 35° 


Variation with Temperature of the Partial Formaldehyde Vapour 
_ Pressures of Aqueous Formaldehyde Solutions. 


From data derived from the curves, drawn to represent the 
variation of partial formaldehyde vapour pressure with solution 
concentration at particular temperatures, viz., 0°, 20°, 35°, and 45°, 
the graphs of Fig. 3 have been plotted to illustrate the manner in 
which the partial pressures change with temperature. The latter 
curves are plotted for solutions containing, respectively, 5, 10, 20, 
30, and 40 g. of formaldehyde in 100 c.c. It is apparent that the 
differences between the partial pressures of the more concentrated 
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solutions at a given temperature are less marked than in the case 
of the weaker solutions. The data from molecular-weight deter- 
minations, the low values of the partial formaldehyde vapour 
pressures at the temperatures under consideration, and the gradually 
diminishing dp/dg of the vapour pressure—concentration curves 
demonstrate the increasing preponderance of polymerides in formalin 
solutions with increasing concentration. The relatively high 


Partial pressure of formaldehyde vapour in mm. of Hg. 


Temperature. 


concentrations of polymerised formaldehyde in ‘the stronger solu- 
tions explains the particular characteristic of the curves referred 
to above. 

When the logarithms of the partial formaldehyde vapour pressures 
(log p) are plotted against the reciprocals of the absolute tem- 
perature (1/7’) for solutions of given strengths, a series of almost 
parallel straight lines is obtained. In Fig. 4, the curves indicate 
the straight-line relationships between log,) p and 1/7’ for solutions 
having formaldehyde contents of 10, 20, 30, and 40 g. per 100 c.c., 


VAPOUR PRESSURES OF AQUEOUS SOLUTIONS, ETC. 2837 


respectively. Thus the formaldehyde partial vapour pressure of 
any aqueous formaldehyde solution up to a 40° concentration 
can be expressed, for the temperatures under consideration, by a 
simplified form of Rankine’s equation (Hdinburgh New Phil. J., 
July, 1849) connecting vapour pressure and temperature : 

logig p = «a — B/T, 

Where «19% = 9°47, a9 = 9°70, agg, = 9°81, ogo, = 9:87, (approx.) 
and § (for all solutions up to 40%) = 2905 (approx.). 

A straight-line relationship is somewhat deviated from when 
logiop for any given solution strength is plotted against 7’. The 
formula log p= «-+ 67’ + yT?+...., which Perman (J., 1903, 
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88, 1168) successfully applied to aqueous solutions of ammonia, 
was found to be inapplicable to aqueous solutions of formaldehyde. 

Methyl-alcoholic Solution of Formaldehyde.—Prior to the determin- 
ation of the partial formaldehyde vapour pressure at 20° of a 
methyl-alcoholic solution (15-9 g. CH,O per 100 c.c.), blank determin- 
ations were carried out on a sample of the methyl alcohol employed, 
since, although this alcohol was the purest obtainable, it was not 
quite free from acetone (less than 0-10%). At 20°, the blank 
values were equivalent to about 0:1 mm. of formaldehyde, estima- 
tions being carried out iodometrically. Further vapour-pressure 
determinations have been carried out at 20° and 0° on formaldehyde 
in methyl alcohol—water solution, the alcohol being present in 
preponderating amount. This latter solution was obtained by 
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diluting with water the original 15% methyl-alcoholic solution in 
order to obtain a liquor containing 10 g. of free formaldehyde per 
100 c.c. Blanks were performed at 20° and 0° on a mixture of 
methyl alcohol and water, in which the proportions of the two 
components were the same as in the formaldehyde solution examined. 
The data obtained are in Table V: solution A contained 15-97 g. 
of free formaldehyde (equivalent of 5-0°% formaldehyde as methylal) — 
in 100 c.c. of methyl-alcoholic solution; solution B contained 10 g. 
of free formaldehyde, 59 g. of methyl alcohol, and 26-7 g. of water — 
in 100 c.c. 


TABLE V. 
Solution. t. Mey p. 
PARE Iet ane, Dec cu Leal en ai ire 20° 3°68 2-27 
LES OL NT NE SS MONON MnO eae 20 1:93 1-16 
PR nae RGEC ACE 2 A eae 0 0-390 0-234 


It will be seen that at 20° the partial formaldehyde vapour 
pressure of an approximately 15% solution of formaldehyde in 
methyl alcohol is almost five times the value of that for an aqueous 
solution of corresponding strength. For a solution containing 
about 60% of methyl alcohol there is an approximately threefold 
increase at both 20° and 0° over an aqueous solution containing a 
corresponding amount of formaldehyde (10 g. per 100 c.c.). In 
all cases, practically constant vapour pressure values were obtained 
from the outset. 

Since methylal vapour, carried forward from the methyl-alcoholic 
solution to the absorption worms, does not affect the iodometric 
estimation of the formaldehyde fixed by the water (Bergstrom, 
J. Amer. Chem. Soc., 1923, 45, 2150), the figure obtained represents 
the partial vapour pressure of uncombined forma in methyl- 
alcoholic solution. 

If it be assumed that the methylal (which is present to the extent 
of the equivalent of 5 g. of formaldehyde per 100 c.c. of 15% methyl- 
alcoholic solution) does not exert a very pronounced influence, in ~ 
its solvent capacity, on the partial vapour pressure of the free 
formaldehyde in solution, then it is found that the application of 
the simple mixture rule to a 15% aqueous solution, in which 
CH,0/CH,O = 0:13, by no means accounts for the enhanced value 
at 20° brought about by the addition of the alcohol to the original 
aqueous formalin, 7.e., from 0-49 to 0-59 mm. Hg. 

It has been pointed out that the removal of methyl alcohol from 
commercial formalin (40% by vol.) increases the tendency of para- 
formaldehyde to separate from solution. Experiments have shown, 
however, that paraformaldehyde is more readily soluble in water 
than in methyl alcohol; thus the precipitation of paraformaldehyde 
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from formalin, which has been freed from methyl alcohol, cannot be 
attributed to the removal of a constituent having a greater solvent 
capacity for formaldehyde. It therefore appears that the presence 
of methyl alcohol in aqueous formaldehyde solutions must bring 
about an alteration of the equilibrium between simple and complex 
molecules in such a way as to enhance considerably the concentra- 
tion of mono-molecular formaldehyde. The consequent decrease 
in the concentration of the polymerides naturally decreases their 
liability to precipitation as paraformaldehyde. Such an effect 
on the above-mentioned equilibrium serves to explain why methyl 
alcohol, present in small amount in an aqueous formaldehyde 
solution, increases the partial formaldehyde vapour pressure to an 
extent beyond that anticipated from the application of the simple 
mixture rule. It is here assumed, as hitherto, that the formaldehyde 
vapour pressure is almost entirely dependent on the concentration 
of the simple molecular form of the aldehyde. 


Summary. 


The partial formaldehyde vapour pressures of aqueous solutions 
of formaldehyde, free from methyl alcohol, have been determined by 
the dynamic method at 35° and 45°... Corresponding determinations, 
carried out on solutions of formaldehyde containing small amounts 
of methyl alcohol (CH,O/CH,O = 0-13), have shown that the 
influence of the alcohol in enhancing the vapour pressures is similar 
to that noted at 20°. The effect of increased temperature in bringing 
about a more rapid adjustment of equilibrium conditions has also 
been shown. 

From the vapour pressure values a relationship connecting 
functions of the vapour pressure and the temperature has been 
derived. 

The partial formaldehyde vapour pressure of a methyl-alcoholic 
solution of formaldehyde has been determined, and the influence 
of methyl alcohol on the formaldehyde vapour pressures of aqueous 
formaldehyde solutions considered. 


The authors desire to express their thanks to the Department 
of Scientific and Industrial Research and to the Admiralty for 
permission to publish these results. 


RoyvaLt Navat CorpiTeE Factory, 
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CCCXCITI.—Transformations of the Sugar Nitrates. 


By Joun Watter Hyp OLDHAM. 


ALTHOUGH the nitrates of the sugar group are, as a rule, definitely 
crystalline and easily adaptable to synthetical operations, little use 
seems to have been made of them since they were studied by Will 
and Lenze (Ber., 1898, 31, 68) and Koenigs and Knorr (Ber., 1901, 
34, 957). 

When 2:3: 5-trimethyl glucosan, dissolved in chloroform, is 
acted on by fuming nitric acid under the conditions described in the 
experimental part, trimethyl glucose dinitrate is obtained. ‘The 
result is striking, particularly as the action of the same reagent on 
1 : 6-diacetyl 2 : 3: 5-trimethyl glucose yielded a syrup which failed 
to crystallise. Trimethyl glucose dinitrate has no action on 
Fehling’s solution, either before or after acid hydrolysis. The 
nitrate group in position 1 can be replaced by methoxyl by boiling 
with methyl alcohol in presence of barium carbonate, the reaction 
yielding trimethyl methylglucoside 6-mononitrate. ‘This mononitrate 
is converted on hydrolysis into the same trimethyl methylglucoside 
as is obtained from trimethyl glucosan, and the nitrate group was 
definitely allocated to the 6 position by the fact that, on treatment 
with sodium iodide, the same trimethyl methylglucoside iodohydrin 
was readily produced as that already obtained from Fischer’s 
acetodibromoglucose (Irvine and Oldham, this vol., p. 2729). This 


Sequence of changes indicates that the nitrate group possesses 
considerable reactivity, yet the compound was recovered unchanged — 
(as was also methylglucoside 6-mononitrate) when heated with © 


alcoholic ammonia, as described by Wallach (Ber., 1881, 14, 422). 


In the parallel case of triacetyl glucosan, the action of fuming — 


nitric acid was more complex and a yellow syrup showing a high 
nitrogen content was invariably produced, together with triacetyl 
glucose | : 6-dinitrate, which was isolated in fair yield. The com- 
pound had likewise no action on Fehling’s solution before or after 
acid hydrolysis, but was readily converted into derivatives of 
different types. On boiling in glacial acetic acid solution with 
sodium acetate, it was converted into tetra-acetyl glucose 6-mono- 
nitrate ; and this on hydrolysis yielded a tetra-acetyl glucose, isomeric 
with that already obtained by Fischer, in that the sixth hydroxyl 
group in place of the first is unsubstituted. Further, although 
triacetyl glucose dinitrate reacted with methyl alcohol only with 
great difficulty, yields of 50—60% of the corresponding triacetyl 
methylglucoside 6-mononitrate were obtained. This compound was 
converted into triacetyl methylglucoside on hydrolysis and into 


@ 


va 
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triacetyl methylglucoside 6-iodohydrin on treatment with sodium 
iodide in acetone in the manner described by Irvine and Oldham 
(loc. cit.). 

Methylglucoside 6-mononitrate obtained by the action of ammonia 
on the corresponding acetyl derivative could not be isolated, as it 
could not be separated from acetamide. By the action of dimethy]- 
amine and removal of the acetodimethylamide, however, the mono- 
nitrate of the parent glucoside was isolated as a syrup which failed 
to crystallise. By means of the silver oxide reaction, this compound 
was converted into the trimethyl methylglucoside 6-mononitrate 
already described, thus establishing the constitution of the complete 
series of new derivatives. Triacetyl methylglucoside 6-iodohydrin, 
on treatment with dimethylamine in the manner already described, 
gave a somewhat poor yield of methylglucoside 6-iodohydrin. Finally, 
incidental evidence was obtained, in the course of large-scale pre- 
parations of triacetyl methylglucoside 6-mononitrate, that degrad- 
ation to the pentose series had taken place to a limited extent. 

Synthetical and constitutional studies based on the method of 
nitrate formation now communicated are in progress. 


EXPERIMENTAL. 


2:3:5-Trimethyl Glucose 1 : 6-Dinitrate.-—A solution of trimethyl 
glucosan (5 g.) in a mixture of 60 c.c. of fuming nitric acid and 40 c.c. 
of chloroform containing a few grams of phosphorus pentoxide 
was kept for 19 hours at the ordinary temperature. The specific 
rotation increased from —64° to + 140-7°, calculated on the change 
in concentration due to the addition of two nitrate groups. The 
mixture was poured slowly with constant stirring into ice, the lower 
layer separated, washed once with ice-cold water, and taken to 
dryness below 60° in a vacuum. The dinitrate crystallised from 
absolute alcohol in colourless needles, m. p. 86° (Found: OMe, 
30:3; N, 9-1. C,H,,0;9N, requires OMe, 29-8; N, 9-0). The 
compound is sparingly soluble in alcohol, insoluble in water or light 
petroleum, and soluble in other solvents. [«]p + 149-3° in chloroform 
(c, 2-3193), + 151-7° in acetone (c, 1-463), + 144:8° in methyl 


_ alcohol (c, 1-508), and + 147-2° in a mixture of 60°% of fuming nitric 


acid and 40% of chloroform by volume (c, 2-915). 
Trimethyl Methylglucoside 6-Monomtrate—LThe dinitrate was 
boiled in 5% solution in methyl alcohol for 4 hour in presence of 


_barium carbonate. The product, isolated in the usual manner 


(yield 90%), was drained on a tile and recrystallised from light 
petroleum; it then melted at 53—54°, np of the superfused sub- 
stance = 1:4565 (Found: C, 42:7; H, 6:7; OMe, 44:1; N, 4-95. 


~Cy9H,,0,N requires C, 42:°7; H, 6-8; OMe, 44:1; N, 50%). The 
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mononitrate is insoluble in water, but soluble in all other solvents. 
[a]p — 5-2° in chloroform (c, 2:0653), — 4:4° in acetone (c, 3:5845), 
and — 1:3° in methyl alcohol (c, 3-3413). 

Conversion of Trimethyl Methylglucoside 6-Mononitrate into 
Trimethyl Methylglucoside——The compound was hydrolysed by 
boiling with iron dust in glacial acetic acid, in not more than 5% 
concentration, until a few drops of the liquid gave no trace of blue 
colour on standing for some time with a strong solution of diphenyl- 
amine in concentrated sulphuric acid. (This reaction is given by all 
these compounds, and constitutes an extremely delicate test for the 
presence of a nitrate group.) The solution was then filtered, the 
residue washed with glacial acetic acid, and the filtrate poured into 
water containing a fair quantity of dissolved sodium acetate, the 
object of which was to suppress the hydrogen chloride set free by the 
chloroform with which the solution was repeatedly extracted. The 
trimethyl methylglucoside thus removed, on recrystallisation from 
light petroleum, showed the correct melting point and mixed melting 
point. The yield was good. 

Conversion into the Corresponding Iodohydrin.—On treating the 
mononitrate with sodium iodide in the manner already described 
(Irvine and Oldham, this vol., p. 2729), a good yield of crystals was 
obtained, m. p. 31—33°, which showed no depression on mixing with 
a sample of the authentic iodohydrin. 

Preparation of Triacetyl Glucose 1 : 6-Dinitraie——The best con- 
ditions as yet found are the following : Triacetyl glucosan (5 g.) was 
dissolved in a mixture of 30% of chloroform with 70% of redistilled 
nitric acid * by volume, solid nitrogen pentoxide (10 g.) added, and 
the whole made up to 100 c.c. with chloroform and kept at the 
ordinary temperature for about 110 hours. The specific rotation 
of the solution was then about + 138°. Sometimes the liquid 
separates into two layers; should these not disappear towards the 
end of the reaction, the system can be made homogeneous by the 
addition of a small measured amount of fuming nitric acid. The 
product was isolated in the manner described for the corresponding 
methylated derivative and washed with cold absolute alcohol (yield 
about 65°). On recrystallisation from hot absolute alcohol, this 
yield was diminished by nearly half and the product melted at 
132—133°. The substance is insoluble in water, light petroleum, or 
cold ethyl alcohol, sparingly soluble in ether or cold methyl alcohol, 


* In this paper, the expression “ fuming nitric acid” refers to the product 
obtained by distilling ordinary concentrated nitric acid over its own volume 
of concentrated sulphuric acid. ‘‘ Redistilled nitric acid ’’ refers to a product, 
d 1-54, obtained by distilling “‘ fuming nitric acid’’ over twice its volume 
of concentrated sulphuric acid. 
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_ and soluble in other solvents. The rotation of the pure compound in 
a mixture of fuming nitric acid and chloroform similar to that used 
in the preparation was [«]p -+ 144-2°forc = 5:0. The substance has 
not been analysed, as it is difficult to obtain a perfectly pure specimen, 
but in view of the derivatives into which it can be transformed there 
can be little doubt that it consists of triacetyl glucose 1 : 6-dinitrate. 

Tetra-acetyl Glucose 6-Mononitrate.—The dinitrate was boiled for 
I—1} hours with a mixture of acetic acid, acetic anhydride, and 
sodium acetate. If the dinitrate was pure, scarcely any colour was 
developed ; but if not, the solution coloured deeply. In the former 
case, the reaction was practically quantitative, as was shown by the 
specific rotation falling from +- 144° to + 23°3°, the corresponding 
value of the pure substance in acetic acid being -+ 23:2°. The 
product was poured into water, when about 80% of it separated 
almost immediately in a crystalline condition ; the remainder, 
however, sometimes took several days to separate. The product 
after recrystallisation from absolute alcohol melted at 142—143°, 
reduced Fehling’s solution strongly on boiling, was insoluble in 
water or light petroleum, sparingly soluble in ether or alcohol, and 
soluble in other solvents (Found: C, 42-55; H, 5:0; N, 3-65. 
C,,H,,0,.N requires 0, 42:7; H, 4:8: N, 36%). [ely + 23-2° in 
glacial acetic acid (c, 2-494) and ++ 27-2° in chloroform (c, 2-038). 

Tetra-acetyl Glucose——The 6-mononitrate was hydrolysed with 
iron dust in glacial acetic acid exactly as described in the case of the 
corresponding methylated compound. T'etra-acetyl glucose crystal- 
lised from ether in colourless needles, m. p. 126:5—127-5°, [a]p 
+ 98° in chloroform (c, 0-816) (Found : C,H,0,, after allowance 
for the alkali used by the reducing sugar, 68-7. Calc., C,H,0,, 
68-9°). The substance is insoluble in cold water or light petroleum, 
Sparingly soluble in ether, soluble in hot water and in organic 
solvents generally. 

The above reaction is rather uncertain, as sometimes the product 
failed to crystallise. 

Triacetyl Methylglucoside 6-M ononitrate.—Triacetyl glucose di- 
nitrate, unlike both acetonitroglucose and the corresponding 
methylated derivative, reacted only with great difficulty with methyl] 
alcohol in presence of barium carbonate, even when a small quantity 
of pyridine was added as recommended by Koenigs and Knorr 
(loc. cit.). On boiling the mixture for 24 hours, the specific rotation 
of the solution became constant at ++ 5-0°. The solution was 
filtered, and the solid well washed with chloroform. The washings 
were used to dissolve the residue left on evaporation of the methyl- 
alcoholic filtrate, in order to purify it from traces of barium nitrate. 
After removal of the chloroform, the red residue, crystallised twice 
_ VOL. OXXVII. 5D 
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from absolute alcohol, melted at 133-5—134:5° (yield 50—60%), 
and was insoluble in water or light petroleum, sparingly soluble in 
ether or cold ethyl or methyl alcohol, and soluble in other solvents 
(Found: C, 42:8; H, 5:35; N, 3-8; OMe, 8:6; CH,°CO,H, 66:0. 
C13H1901,N requires C, 42-7; H, 5:2; N,3-8; OMe, 8:5; CH,-CO,H, 
65:7°%). [a]p — 14:3° in chloroform (c, 5-964) and — 14-1° in acetone 
(c, 2.6913). If the substance is boiled with methyl-alcoholic sodium 
methoxide, the specific rotation falls to — 115°, allowance being 
made for the change in concentration due to loss of acyl groups, 
which corresponds to the formation of about 80% of Fischer's 
anhydro-methylglucoside. 

Triacetyl Methylglucoside—On hydrolysing the nitrate with iron 
dust in glacial acetic acid in the manner already described, triacetyl 
methylglucoside was obtained, in good yield, in colourless crystals, 
melting after recrystallisation from ether at 134—134:5°; [a]p 
in chloroform = — 19-1° for c=1-:514 (Found: OMe, 9-5; 
CH,-CO,H, 54-6. C,,H_90, requires OMe, 9-6; CH *CO,H, 56:2%). 
The compound is insoluble in cold water or light petroleum, but 
soluble in other solvents including hot water. | 

Methylglucoside 6-Mononitrate—Triacetyl methylglucoside | 6- 
mononitrate was treated with a 5° methyl-alcoholic solution of 
dimethylamine, and the acetodimethylamide produced was distilled 
off in a vacuum at 100°; the residual syrup failed to crystallise 
(Found: N, 5-9; HNO,, 25:7. C,H,,0,N requires N, 5-85; HNOs, 
26-3). Aspecimen of the substance was twice methylated by the 
silver oxide reaction ; the product crystallised on nucleation with tri- 
methyl methylglucoside 6-mononitrate obtained as described above. 
After draining on a tile and recrystallisation from light petroleum, 
the compound showed the correct melting point and mixed melting 
point, thus proving the constitution of this series of substances. 

Triacetyl Methylglucoside 6-Iodohydrin.—For the sake of compari- 
son, triacetyl methylglucoside 6-mononitrate was treated with 
sodium iodide in acetone in the manner already described. The 
product, after recrystallisation from aqueous alcohol, consisted of 
colourless needles, m. p. 111—112-5°, which were insoluble in water 
or light petroleum but soluble in other solvents. The yield was 
poor [Found: OMe, 7:4; I, 28-0; CH,°CO,H (I being calculated 
as OH,°CO,H), 56:4. C,,H,,O,1 requires OMe, 7-2; I, 29-5; 
CH,-CO,H, 55:8%). The specific rotation in chloroform was 
+ 0-9° for c = 3-027. 

Methylglucoside 6-Iodohydrin——On treatment with dimethyl- 
amine in the manner already described, the preceding triacetyl 
derivative was converted into the parent glucoside in bad yield. 
The product, which consisted when pure of colourless crystals, but 
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was usually slightly pink, melted at 157—158°, was insoluble in 
ether or light petroleum, very sparingly soluble in chloroform, 
slightly more soluble in acetone, and soluble in other solvents. The 
best recrystallising medium was a mixture of chloroform and ethyl 
acetate (Found: OMe, 10:3; I, 41-7 C,H,,;0;1 requires OMe, 
10-1; I, 41-7%). [«]p in Bi ioumiocness =a "16-1" foric/ea 677, 
Mestonihonahicse. —QOn taking to dryness the mother- lanes from 
the Rey se AOR of triacetyl methylglucoside 6-mononitrate, 
boiling for $ hour with acetic anhydride and sodium acetate, and 
pouring ito water, a precipitate was obtained which, after very 
many recrystallisations from absolute alcohol, melted at 168—169°. 
The compound did not reduce Fehling’s solution, and was at first 
thought to be the «-form of triacetyl methylglucoside 6-mononitrate. 
It contained no methoxyl, however, and the analytical figures are 
in close agreement with those required for a triacetyl pentose 
mononitrate (Found: C, 41-2; H, 4:7; N, 4:2. C,,H,;,Oj9N 
requires C, 41-1; H, 4:7; N, 4:4%). The substance had the same 
solubilities as triacetyl glucose dinitrate, and showed specific 
rotation in chloroform = + 92-0° for c = 1-214. 


The author wishes to express his indebtedness to the Carnegie 
Trust, and also to Principal Sir James C. Irvine for much valuable 
advice and for the kindly interest he has always shown in the work. 
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CCOXCII.—Lead Dihydride and Lead Tetrahydride. 
By Epwarp JosEpH WEEKS. 


Sontip hydrides of arsenic (Chem. News, 1924, 129, 31), antimony 
(this vol., p. 1069), and bismuth (ibid., p. 1799) having been pre- 
pared, the existence of a solid lead hydride was investigated. To 
a solution of alkali plumbite made from lead acetate and caustic 
_ soda or potash, pure aluminium foil was added. The grey deposit 
_ obtained was washed many times with caustic potash solution and 
finally with water until the washings were neutral. It was filtered 
off, and dried in a vacuum desiccator over sulphuric acid for 3—5 
days, both operations being performed in an atmosphere of hydrogen. 
The action follows the equation 2K HPbO, + 2Al = 2K Al0, + Pb,H,. 
The deposit contained lead and hydrogen only, and on heating in a 
vacuum gave off hydrogen and left metallic lead. Details of the 
method of analysis have already been given for bismuth (loc. cit.). 


 0°3253 G. gave 20 c.c. of H, measured at N.7'.P. and sar g. of 
5D 
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Pb. H, 0:5; Pb, 99:1%. 0-1504 G. gave 10 c.c. of Hy at oa As hard Sar 
and 0:1422 g. of Pb. H,0-6; Pb, 99:5%. On combustion, 1-9550 g. 
gave 0-0662 g. of HO. H, 05% (Pb.H, requires Pb, 99:5; H, 
0:5%). 

Lead dihydride heated in a tube in the absence of air gave lead 
and hydrogen only. No trace of PbH, appeared to be formed, as 
no lead deposit could be obtained on heating the issuing gas. The 
dihydride oxidises rapidly in the air and therefore must be kept in an — 
inert gas. Fused potassium nitrate reacted vigorously with it 
(as with As,H,; Sb,H,; Bi,H,), but only slowly oxidised finely 
divided lead. 

To obtain the tetrahydride, first prepared by Paneth, the dihydride 
- was heated in a silica tube in an atmosphere of pure hydrogen, and 
the issuing gas was passed through a heated tube; a deposit of lead 
was then obtained. With hydrogen alone, no deposit was formed 
and hence it is concluded that the reduction of Pb,H, follows the 
equation Pb,H, + 3H, = 2PbH,. 

BATTERSEA GRAMMAR SCHOOL, 

Lonpon, 8.W. ll. [Received, November 2nd, 1925.] 


CCCXCIV.—Complex Formation in Lead Nitrate Solu- 
tions. Part II. The Quaternary System Potassium 
Nitrate-Lead Nitrate-Barium Nuitrate-Water. 


By SaMuEL GuassTonE and Ernest J. Riaas. 


THE primary object of the present work was to investigate the 
quaternary system lead nitrate-barium nitrate—potassium nitrate— 
water at 25° and at 50°, and hence it was required to have a knowledge 
of the three ternary systems KNO,—Pb(NO,),-H,0, KNO;- 
Ba(NO,),-H,O and Pb(NO,),—Ba(NO3),—H,O, at the same temper- 
atures. The first of these three systems has been investigated by 
Glasstone and Saunders (J., 1923, 123, 2134) at 25° and 50°; the 
second has been examined at 9-1°, 21-1° and 35° by Findlay, Morgan, 
and Morris (ébid., 1914, 105, 779) and to a limited extent at 25° by 
Foote (Amer. Chem. J., 1904, 32, 251); the 25°-isothermal for the 
third system was investigated by Fock (Z. Kryst., 1897, 28, 337). 
Before the quaternary system was examined, therefore, Foote’s 
measurements on the ternary system KNO,—Ba(NO,),-H,O at 
25° were extended and the 50°-isotherm was determined completely ; 
Fock’s work at 25° was repeated because this author did not use the 
Schreinemakers residue method for the determination of the com- 
position of the solid phase, and the 50°-isotherm for the system 
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Pb(NO ),-Ba(NO3),-H,O0 was also determined. Finally, the 
quaternary system Pb(NO;),.-Ba(NO,),.-KNO,-H,O was investi- 
gated as completely as possible at 25° and 50°. It was hoped to 
obtain through this investigation further evidence for the existence 
of a double or complex salt of lead nitrate and potassium nitrate, 
the presence of which has already been suspected in solutions con- 
taining these two salts (see Glasstone and Saunders, loc. cit.). Lead 
and barium nitrates have an almost identical crystal structure 
(Vegard, Z. Physik, 1922, 9, 395) and separate from solutions con- 
taining both salts as a continuous series of mixed crystals; further, 
potassium and barium nitrates form a double salt, 2KNO;,Ba(NOg), 
(Foote, loc. cit.), and consequently it was thought possible that when 
this double salt separated from a solution containing lead, barium, 
and potassium nitrates there might be a tendency for a potassium 
nitrate—lead nitrate double salt with a similar structure, which has 
no stable existence at the ordinary temperature, to separate with it 
as a mixed crystal. This idea was based on the well-known existence 
of CuSO,,7H,O in the form of a mixed crystal with FeSO,,7H,O, 
and the recent preparation by Richards and Meldrum (J. Amer. 
Chem. Soc., 1921, 43, 1543) of Na,SO,,4H,O, which does not exist | 
by itself, as a mixed crystal with Na,CrO,,4H,O. The results of the 
present work indicate that lead nitrate can exist in some form which 
is isomorphous with either potassium nitrate or with the potassium— 
barium double nitrate; the most probable form is as the double 
salt 2K NO,,Pb(NO,)., which has no stable existence at the ordinary 
temperature but might separate as a mixed crystal with 


2KNO,,Ba(NOs)o. 
EXPERIMENTAL. 


General Procedure——tIn the case of the second of the ternary 
systems mentioned above, the procedure was the same as that 
followed in the first part of this work (Glasstone and Saunders, loc. 
cit.); for the third ternary system and the quaternary system, 
however, owing to the deposition of mixed crystals, it was essential 
that very little of the solid phase should separate, and consequently 
the mixed solids were made to dissolve in water at a temperature 
just above that at which the isotherm was being determined and the 
solution was stirred in a thermostat until sufficient solid for analysis 
had separated as the result of evaporation. 

Method of Analysis—The amounts of water in the saturated 
solutions and wet solids were determined by drying known weights 
first on the water-bath, then in an air-oven at 110°, and finally at 
- 130°. The dry solid was then dissolved in water, made up to a 
known volume, and an aliquot portion taken for analysis. If the 
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solution contained only potassium and barium nitrates, the barium 
was precipitated directly as sulphate with sulphuric acid, and the 
barium sulphate was washed, dried, and weighed. When the solu- 
tion for analysis contained lead and barium nitrates only, hydrogen 
sulphide was passed into the warmed solution until all the lead was 
precipitated; the precipitate of lead sulphide was filtered off, 
washed with a solution of hydrogen sulphide, and the barium in the ~ 
filtrate estimated as sulphate. The amount of lead was usually 


Hie): 
H,O 


found by difference, but in several cases the sulphide was dissolved 

in hot dilute nitric acid and the lead estimated as sulphate by the 

method described in Treadwell’s ‘ Quantitative Analysis ’’ (1919, 

p- 174). When the solution to be analysed contained all three 

nitrates, both the lead and the barium were determined by the © 
methods described above, and the potassium was obtained by 

difference. The analytical method was tested beforehand on 

mixtures of known weights of the various nitrates and found to be 

quite satisfactory. 
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PART II. 


Resulits—These are all given as percentages. 


KNO,-Ba(NO,)-H,0 at 25°. 


Solution. 
pe 
KNO,. Ba(NQsj)>. 
27°39 0:00 
27-67 2-44 
17°14 4°88 
*14-8 6-6 
9-13 6°57 
3:80 7°72 
0:00 9-28 
Solution. 
KNO,. Ba(NOs)o. 
45-45 2-34 
44°88 4-22 
44-66 5-11 
40:31 5-64 
35°75 6:99 
30-08 10-16 
28-86 10-31 
24-14 10°43 
18-76 10-14 
10°53 10:92 
3:93 12-73 
0-00 14:63 


H,O. 
72-61 
69-89 
717-98 
78:6 

84-30 
88-48 
90-72 


Rest. 

KNO,. Ba(NOs)z. 
78-65 4°84 
39°31 49°67 
1-18 92-26 
1:05 91-18 


— 


H,0. 
16-51 
11-02 
6-56 
aed 
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Solid phase. 


KNO, 
KNO, + D.S. 
D.S 


D.S. + Ba(NO,), 
Ba(NOs)s 


9> 


99 


D.S. refers to the double salt 2K NO;,Ba(NO3)>. 
* Taken from Foote, loc. cit. 


KNO,—Ba(NO3).—H,0 at 50°. 


H,O. 
52-21 
50-90 
50-23 
54-05 
57-26 
59-76 
60-33 
65-43 
71-10 
78-55 
83-34 
85:37 


KNO . 


87-05 
84-20 
74:36 
42-78 
42-38 
41-56 
2-18 
0:02 
2-28 
1-33 
1-07 


Rest. 


Ba(NOs)z. 
0-65 
1-25 
3°87 

50-55 
46-05 
50-93 
92-55 
95-39 
93-48 
95-39 
95-85 


HO. 
12-30 
14-55 
21-77 

6-67 
11-57 
7-51 
5:27 
4-59 
4-24 
3-28 
3-08 


Solid phase. 


The results obtained for this system are represented in Fig. 1. 


Pb(NO,).-Ba(NO,),-H,0 at 25°. 


Pb(NOs)2- 


34-60 
31-13 
22-73 
16-21 
8-96 
6-26 
1-63 


Solution. 


Ba(NOQs)2- 
1-39 
2°65 
4:23 
5:29 
6-66 
7:31 
8-64 


Solution. 


eee 


ee ses 
Pb(NOs)2. Ba(NOs)s 


40-82 
37-78 
29-31 
17-05 
10-34 

5:72 


2°57 
3°83 
6-32 
9-12 
11-05 
12-68 


H,0. 
64-01 
66-22 
73-04 
78-50 
84-38 
86-43 
89-73 


Rest. 

Pb(NOs)2. Ba(NOs)s- H,O. 
81-83 11-26 6-91 
66:90 18-90 14-20 
38:08 56:67 §-25 
15-06 80-02 4-92 
10-15 84:28 5:57 

3-44 89°54 7-02 


Pb(NO,).-Ba(NO ).-H,0 at 50°. 


H,0. 
56-61 
58-39 
64:37 
73°83 
78-61 
81-60 


Rest. 

Pb(NO,)s. Ba(NOz)o- 
77-06 9-54 
63-40 26-10 
40-31 55-14 
8:92 83-87 
6-60 87-70 


Solid phase. 


Pb(NOs)2. 


87-54 
76-56 
39-27 
15-44 
10-42 

3°59 


Ba(NOs3)e. 


12-46 
23°44 
60:73 
84-56 
89-58 
96-41 


Solid phase. 


Pb(NOs)2. 


88-31 
69-02 
41-25 
8-78 
6-67 


Ba(NOs)o, 


11-69 
30-98 
58:75 
91-22 
93°33 
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The results obtained for this system are represented in the usual 
manner in Fig. 2. In the columns headed “‘ solid phase ’’ are given ~ 


Fic. 2. . 


Era, 3. Fig. 4. 


% Pb(NO,), in mixed crystals. 


am a el en a led ov er ad, aa 0 
0 20 40 60 80 20 40 60 80 100 
% Pb(NO,). in Pb(NO,), + Ba(NO,), in solutions. 
Circles represent points from the ternary system; squares, points from 
the quaternary system. 


the compositions of the mixed crystals, which separate from the — 
various solutions, in the dry state; these results were obtained from 
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the analysis of the wet solid by allowing for the amounts of salt 
present in the adherent mother-liquor. Fig. 3 gives the gram- 
percentage of lead nitrate in the mixed crystals against the gram- 
percentage of lead nitrate in the total salt dissolved in the solution 
from which the crystals separate at 25°, whilst Fig. 4 gives the 
corresponding curve at 50°. 


KNO,-Pb(NO,),-Ba(NO,).-H,0 at 25°. 
Solution. Dry solid. 


Paes ita FLL ek LE Ea 

KNOs;. Pb(NO,)2. Ba(NO3)2. H,O. KNO 3. Pb(NOs3):. Ba(NOs;)2. Phases. 
15:26 212 6:05 76:57 43-23 0:10 56-67 D.S.+ M.C. 
17°39 11:44 3:40 67-77 41-98 0-43 57-59 re 
15:99 13°82 4-76 65:43 43-45 0-80 55-75 ps 
16-01 21-25 4:33 58-41 43-51 1:70 54:79 Ss 
15-65 26:59 4:06 53-70 0:88 31:36 67-76 5 
17-87 35°90 2:46 43:77 23-10 14:95 . 61-95 AF 
23-41 37-68 2-11 36:80 23:78 38:10 38-12 pe 
25-75 34:65 1:16 38:44 69-45 4-42 2613 D.S.+ 
25°74 32°63 1:92 39-71 91:23 1-36 7-41 D.S.+ 
26:78 23:26 1:76 48-20 92:31 0-61 7-08 a 
27-23 15:28 2-32 55:17 96-06 0-23 3°71 bs 
27-69 280. .1-87 |; 60:59, 92-13 0-10 fe AE “s 
27-74 495 1:92 65:39 63:28 0:30 36-42 es 
25:22 40-46 0-72 33:60 45-44 51-86 2°70 KNO, + M.C. 
25:00 39-84 1:18 33-98 2:11 28-02 69°87 fl 

25:00 38:00 1:59 35-41 10-61 76:19 13-20 HS 

24:91 37-48 1:80 35:81 94-90 1-31 3°79 a 


M.C, refers to Pb(NO,),—Ba(NO,), mixed crystal. 


KNO,-Pb(NO,),—Ba(NO,).-H,0 at 50°. 
Solution. Dry solid. 


ERATE AS CES Tae a ae eT a 
KNO;. Pb(NOs;)2. Ba(NO,)2. HO. KNO;. Pb(NOs3)2. Ba(NOs)2. Phases. 
27-40 15-89 8-11 48-60 1-04 6-15 92-81 D.S.+ M.C. 
28°28 27:00 5:68 39-04 941 11-94 78-65 ry 
32°61 38:93 2:15 2631 15:02 47-42 37°56 ry 
35:48 33:62 2:01 28-89 91-53 1-02 7:45 D.S.+ KNO, 
36°91 29-22 2:24 31:63 92-65 0-00 7°35 x 
38:06 24:98 2:59 34:37 65-31 1-62 33:07 rf 
39°43 19:96 2°85 37-76 57-61 0:94 41:45 ig 
40:90 1464 3:32 41-14 54-03 0-65 45:32 bs 
41-39 13:01 3-44 42-16 71-12 0-44 28:44 cs 
41-86 10:35 3-69 44-10 97-69 0-19 2-12 - 
33°25 40:88 1:02 2485 53-25 43:15 3:60 KNO, + M.C, 
33°41 40:19 1-51 24:89 34:54 35-58 29-88 By 
32:64 39-82 2:40 25:14 46-76 46-12 7:12 i, 


The two isotherms in this quaternary system have been drawn 
from the above results by the method of Schreinemakers, as this 
was found to give the least confusing diagram, and are represented 
in Fig. 5. The points A, B, and C represent the composition of 
ternary liquids which are in equilibrium with two solid phases— 
potassium nitrate and double salt, double salt and lead nitrate, and 


potassium and lead nitrates, respectively—whilst the points on the 
. 5 D* 
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curves AD, BD, and CD give the composition of quaternary solutions 
in equilibrium with double salt and potassium nitrate, double salt 
and mixed crystal, and potassium nitrate and mixed crystal, re- 
spectively. The point D represents the composition of the quater- 
nary isothermal invariant solution. The composition of the dry 
solid given in the above tables was obtained by calculating, from the 
analysis of the solutions, the amounts of the three nitrates dissolved 
in the water which was present in the wet solid and deducting 


Fic. 5. 
Ba(NO,)s 


KNO,¢ 


Pb(NO,). 


these from the total amounts found by the analysis of the dried 
residue. 

An examination of the results given above for the quaternary 
system shows that when the two solid phases in equilibrium with 
saturated solution should consist. only of potassium nitrate and 
double salt, there is also present a small amount of lead salt; the 
results are so consistent as to rule out the possibility of experimental 
error. ‘The presence of lead has been confirmed by washing the wet 
solids with a little water and grinding the residue at 30—35° with 
a solution, containing roughly 25% of potassium nitrate and 2% — 
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of barium nitrate, which dissolves lead nitrate very readily. The 
solid was then filtered off and ground up with a fresh portion of the 
solution; this process was repeated several times, but even after 
ten treatments the solid residue still contained an appreciable 
quantity of lead salt. These results indicate that lead nitrate in 
some form is separating as a mixed crystal either with potassium 
nitrate or else with the double salt. The most probable explana- 
tion is that the double salt 2KNO3,Pb(NO,),, which has no stable 
existence alone under ordinary conditions, is separating out from 
solution as a mixed crystal with the barium double salt of similar 
formula. Other explanations are, of course, possible, but they 
seem to be less probable. | 

In order to obtain, if possible, further evidence for the existence 
of the double salt of lead and potassium nitrates, the results for the 
systems from which the potassium—barium double nitrate and mixed 
crystals of lead and barium nitrates separate were examined as 
follows. It was assumed as a first approximation that all the 
potassium nitrate in the solid phase was in the form of the double 
salt with barium nitrate, and so the amount of barium nitrate 
present as double salt was calculated; the residual barium nitrate 
was assumed to be present as mixed crystal with lead nitrate. In 
this way, the ratio of lead nitrate to barium nitrate in the mixed 
crystal was determined and compared with the ratio of these two 
salts in the quaternary solution. The results are given below. 

Pb(NOs), 6 0 PB(NOs)2 0 

Pb(NO,), + Ba(NO,), © °° PH(NO,), + Ba(NO,), 7° 
Solution. Mixed crystal. Solution. Mixed crystal. 


25° 


94-69 82-49 94-75 72:35 
86-76 32:00 82-62 15-09 
77-07 12-78 66-20 6-32 
25:95 10-67 


These results have been plotted in Figs. 3 and 4 for 25° and 50° 
respectively for the purpose of comparison with the results for the 
ternary system. It is seen that for a given ratio of lead nitrate to 
barium nitrate in the solution the mixed crystal separating from the 
ternary solution contains relatively more lead than does that 
separating from the quaternary system; if a lead—potassium nitrate 
double salt had been present, then the reverse would have been 
expected. It is possible, however, that the presence of potassium 
nitrate in the solution alters the ratio of lead to barium in the mixed 
crystal, and so no definite conclusions can be drawn from the results. 


Summary. 


(1) The ternary systems KNO,—Ba(NO,),-H,O and Pb(NO,),— 


Ba(NO ;),—H,O have been investigated at 25° and 50°. 
5 D* 2 
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(2) The quaternary system KNO,—Ba(NO,),—-Pb(NO3),-H,O has 
been investigated at 25° and 50°. 

(3) There is shown to be some evidence for the existence of a 
double salt, 2KNO,,Pb(NO3),, in the form of a mixed crystal with 
the double salt 2K NO,,Ba(NO,),. 


UNIVERSITY COLLEGE, EXETER. [Received, November 3rd, 1925.] 


1CCXCV.—The Behaviour of Glucose and Certain Other 
Carbohydrates towards Dyestuffs and towards 
Potassium Ferricyanide in an Alkaline Medium. 


By Epmunp Kyercut and Eva HIBBERT. 


ALTHOUGH we are well informed as to what changes take place 
in the dyestuff when indigo or some other dyestuff is reduced by 
glucose in presence of alkali, no attempts to elucidate the character 
of the oxidation of the glucose have hitherto been recorded. Many 
attempts have, however, been made to ascertain the character of 
the oxidation products formed by the action of Fehling’s solution 
and of cupric hydroxide in presence of caustic alkali as well as of 
other inorganic oxidising agents in an alkaline medium, the results 
of which indicate that the reactions are of a complicated character. 
The most complete researches on this subject are those of Gaud 
(Compt. rend., 1894, 119, 604), who employed Fehling’s solution as 
the oxidising agent and obtained formic, oxalic, tartronic, lactic, and 
glyceric acids, along with some catechol, and the elaborate work of 
Nef (Annalen, 1907, 357, 214) who, using copper sulphate and a 
slight excess of caustic soda, obtained hexonic, trihydroxybutyric, 
glyceric, glycollic, formic, and carbonic acids. By means of red 
mercuric oxide and barium hydroxide, Herzfeld (Annalen, 1888, 
245, 32) obtained gluconic acid as the main product. By using 
sodium hypoiodite as the oxidising agent, Romijn (Z. anal. Chem., 


1897, 36, 19) obtained this acid alone, and Willstitter and Schudel — 


(Ber., 1918, 54, 780) showed that the reaction may serve for the 
estimation of glucose. 

The authors have shown (J. Soc. Dyers Col., 1925, 41, 94) that 
when glucose is boiled with excess of methylene-blue in presence of 
caustic soda, oxidation takes place very rapidly, and to a definite 
degree (three atoms of oxygen to one mol. of glucose). Further 
work in this direction has now been carried out. Methylene-blue 
was not entirely suitable for the purpose on account of its great 
liability to undergo decomposition by the action of the alkali 


ae 
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(Bernthsen, Annalen, 1885, 230, 73), so potassium indigotintetra- 
sulphonate, which reacts in the same way as methylene-blue, is 
much more stable towards alkalis, and can be estimated volu- 
metrically with rapidity and accuracy, was used for most of the 
oxidations given below. The amount of indigotin reduced was 
invariably equivalent to three atoms of oxygen per mol. of glucose, 
four atoms of oxygen per mol. of levulose and, as might have been 
_ expected, 33 atoms of oxygen in the case of invert-sugar. Galactose 
and glucosamine hydrochloride behaved like glucose, each taking 
up three atoms of oxygen. Maltose was apparently hydrolysed, 
since the molecule (C,,H,.0,, -- H,O) reduced an amount of indigo- 
tin equivalent to six atoms of oxygen. 

Thioindigodisulphonic acid (Ber., 1907, 40, 3821) gave with glucose 
and levulose results identical with those obtained with potassium 
indigotintetrasulphonate. 

Potassium ferricyanide can replace indigotin in the titration of 
glucose, levulose, and glucosamine, giving identical results; the 
reaction is very rapid, being complete in 15 seconds. The extent 
of the oxidation was in the first instance determined by titrating 
the ferrocyanide in the cooled solution, acidified with sulphuric 
acid, with permanganate to the appearance of a pink colour. The 
result was corroborated by estimating the excess of ferricyanide by 
means of standard sodium hydrosulphite, with methylene-blue as 
indicator. Ultimately it was, however, preferred to estimate the 
excess ferricyanide by titration with titanous chloride in presence 
of a trace of ferric chloride, the disappearance of the blue colour 
indicating the end-point. There was a close agreement of the 
results in all three cases. 

In view of the constancy of the results obtained with methylene- 
blue, potassium indigotintetrasulphonate, thioindigodisulphonic 
acid, and potassium ferricyanide, and the exact stoicheiometric 
character of the reactions, it was surmised that, in the case of 
glucose and galactose, the oxidation had resulted in the formation 
of hexane tetrahydroxy-dicarboxylic acids corresponding to sac- 
charic and mucic acids, whilst in the case of levulose, the oxidation 
would just suffice to produce a mono- and a di-carboxylic acid in 
equimolecular proportions. In spite of numerous attempts, it has, 
however, not been possible to identify any of the oxidation products. 
The difficulty lies mainly in the removal of the large quantity of 
colouring matter required to effect the oxidation; for instance, 
1 g. of glucose requires more than 16 g. of potassium indigotin- 
tetrasulphonate, which will be present, after oxidation is complete, 
partly as such but mainly in the reduced condition. Also, 
through the action of the alkali, considerable isomerisation of 
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the oxidation products probably takes place, and these do not 
possess the uniformity of the product of oxidation in an acid 
medium. 

If glucose, which is neutral to phenolphthalein, is converted into 
a dicarboxylic acid (or acids) during the reaction, the extent of 
such conversion should be measurable by titration, for the resulting 
acid would require two equivalents of caustic alkali for its neutralis- 
ation. On similar grounds, the acids resulting from the alkaline 
oxidation of levulose should require three equivalents of alkali. 
It was obviously impossible to use dyestuffs as oxidants to test the 
validity of this reasoning. Pure potassium ferro- and ferri-cyanides 
are neutral to phenolphthalein, and the latter was employed as the 
oxidant in the experiments. In carrying out the estimations it 
had to be taken into consideration that potassium ferricyanide, in 
becoming reduced to ferrocyanide, takes up two molecules of 
potassium hydroxide for each atom of oxygen supplied. The 
results confirmed exactly the above reasoning. 

It is known that, in the titration of glucose by means of Fehling’s 
solution, the extent of the oxidation, as measured by the amount 
of copper reduced, is represented by rather less than 23 atoms 
of oxygen per molecule of glucose. On the other hand, it has 
been shown that by employing, in place of Fehling’s solution, the 
solution of copper carbonate in potassium carbonate and bicarb- 
onate advocated by Soldaini (Gazzetta, 1876, 6, 322), the degree 
of oxidation is almost doubled (see also Ost, Ber., 1890, 23, 1035, 
3003).* It was therefore considered possible that the use of an 
alkaline carbonate in the titration of glucose with indigotin might 
also give rise to a higher degree of oxidation. The results obtained, 
however, were in no way modified by substituting for the potass- 
ium hydroxide an amount of potassium carbonate and bicarbonate 
equivalent to that employed in the alkaline copper carbonate 
solution. In carrying out the titration, it is important that the 
substances be added in the sequence given. If the caustic potash 
is added to the boiling glucose solution before the indigotin, 30 
seconds’ boiling is sufficient to lower the result by 50% or more. 
This seems to be due to the conversion of some of the glucose into 
lactic acid (Nencki, J. pr. Chem., 1881, 24, 498). If the boiling is 
continued for 2 minutes, the amount of alkali neutralised corre- 
sponds exactly to the formation of two molecules of lactic acid. 
Leevulose behaves in this respect like glucose. 

Neither lactic, saccharic, mucic, nor gluconic acid reduced 


* No satisfactory explanation of this great difference in the behaviour 
of the two solutions has hitherto been advanced. 
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methylene-blue when boiled with this dyestuff in presence of 
caustic potash. 


When kitone-blue 4, (p) SO,Me-C,H,(SO,(o]) O<ES a! NEC i 
L 


was substituted for methylene-blue or potassium indigotintetra- 
sulphonate as oxidant, both glucose and levulose took up exactly 
two atoms of oxygen per molecule, This would correspond to the 
formation of glycuronic acid from the first and of hydroxygluconic 
acid from the second of these carbohydrates. Superimposing an 
indigotin titration on the kitone-blue titration of glucose resulted 
in a further atom of oxygen being taken up. From its behaviour 
towards methylene-blue and towards indigotintetrasulphonic acid, 
it might have been expected that levulose, after being oxidised 
with kitone-blue, would take up two more atoms of oxygen on 
superimposing a methylene-blue titration. Only one further atom 
of oxygen was taken up. 

Rosinduline 2B, when employed as the oxidising agent, supplied 
only one atomic proportion of oxygen to glucose. By super- 
imposing a methylene-blue titration, no further oxidation took 
place; and, although the oxidation product was not identified, 
this circumstance strengthens the opinion that the oxidation had 
resulted in the quantitative formation of gluconic acid. 


EXPERIMENTAL. 


In principle, all the titrations are carried out in the same way. 
A known weight of the carbohydrate is heated with a known volume 
of a standard solution of the oxidising dyestuff, which must be 
present in considerable excess, in a current of nitrogen. When the 
mixture boils, caustic potash is added, and the boiling continued 
for the time specified. The mixture is now at once acidified, and 
the excess of dyestuff titrated with titanous chloride in a current 
of carbon dioxide. The quantity of carbohydrate most suitable 
for a titration is 0-01—0-05 g., and the quantity of caustic potash 
required is about 0:5 g., or 5 c.c. of a 10% solution. 

The following special points should be noted in carrying out the 
titrations. 

Methylene-blue. A suitable strength of this dyestuff (working 
with a titanous chloride solution of which | c.c. = 0-002 g. Fe or 
thereabouts) is 10 g. of the medicinal product per litre. The time 
of boiling in presence of alkali should in no case exceed 5 seconds; 
beyond this limit, the methylene-blue loses strength through 
decomposition and the results become untrustworthy. 

Potassium indigotintetrasulphonate. A suitable strength is 40 g. 
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of the crystallised dyestuff per litre. The procedure consists in 
adding to an aqueous solution of a definite weight of glucose excess 
of the standard indigotin solution. The mixture is boiled in a 
current of nitrogen, caustic soda is added, and the boiling continued 
for 4 minute. The mixture is then acidified with dilute sulphuric 
acid, excess of tartrate of soda added, and the hot solution titrated 
with titanous chloride until the blue colour disappears. 


Ferricyande. A suitable strength for a standard solution is 


50 g. per litre. The quantity of caustic potash added should be 


more than sufficient to allow for the formation of ferrocyanide and | 


for the neutralisation of the organic acids formed. The time of 
boiling is 15 seconds. The mixture is rapidly cooled in running 
water before being acidified with dilute sulphuric acid. The excess 
ferricyanide is then titrated with standard titanous chloride, as 
described. It is not necessary to employ either nitrogen or carbon 
dioxide. 

Kitone-blue. A suitable strength is 10 g. per litre. Boiling for 
30 seconds suffices to complete the oxidation, after which the 
solution is acidified with tartaric acid in slight excess before the 
excess of dyestuff is titrated with titanous chloride. 

Rosinduline 2B. Strength and procedure as for kitene-blue. 
Rosinduline G also may be used for the purpose. Crystal-scarlet 
was not found suitable as an alkaline oxidising agent, the end- 
point not being sharp. Like the rosindulines, this dyestuff supplies 
one atom of oxygen to glucose. 

Titration of Glycuronic Acid.—A solution of pure euxanthic acid 
(0-201 g.) in sulphuric acid (d 1-735) was diluted, boiled and filtered, 
and the separated euxanthone was washed so that the filtrate 
contained the whole of the glycuronic acid. The solution thus 
obtained reduced indigotin equivalent to 26-4 c.c. of TiCl, (1 e.c. 
TiCl, = 0-002001 g. Fe), indicating that almost exactly one atom 
of oxygen had been used. Expressed as percentage of glycuronic 
acid in euxanthic acid, the result gives 45-5% as against 45-9 
calculated for C,)H,,0,) + H,O. Almost the same result was 
obtained in the osazone process: 0-035 g. of the same specimen of 
euxanthic acid was hydrolysed with sfilphuric acid as before, and 
the resulting glycuronic acid converted into the osazone; this 
required 14-4 c.c. of TiCl, (1 c.c. = 0:001924 g. Fe) (Found : 45: pele 
calculated on the dial tie acid employed). 

Action of Sodium Hydroxide on Glucose and Levulose.—An 
aqueous solution of 0:5045 g. of glucose was boiled with 25 c.c. 
of N-sodium hydroxide for 2 minutes, and the excess of alkali 
then titrated with N-sulphuric acid and phenolphthalein. The 
amount of caustic soda neutralised was 5:6 c.c., which is equal 
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to 444% on the weight of the glucose (calc. for N-NaOH, 
44-5%). 

0'5115 Gram of lwvulose, similarly treated, required 5-7 c.c. of 
N-sodium hydroxide, which represents 44:4°% on the weight of the 
levulose.. In another experiment the boiling with caustic soda 
was continued for 5 minutes; this did not affect the result. 

Acidimetric Titration of the Oxidation Products of Glucose and 
Levulose.-—Glucose (0-5 g.) was oxidised with 7-5 g. of potassium 
ferricyanide and 50 c.c. of N-potassium hydroxide. Titration with 
N-sulphuric acid and phenolphthalein then showed that 1-24 g. 
of potassium hydroxide had been neutralised in the reaction. The 
amount required according to the equation is 1-245 g. 

On similar treatment of 0-5 g. of levulose, 1-45 g. of potassium 
hydroxide were neutralised (calc., 1:40 g.). 

Indigotin Titration superimposed on Kitone-blue Titration.— 
0-02084 Gram of glucose required kitone-blue equivalent to 13-6 c.c. 
of TiCl, (1 c.c. = 0-001916 g. Fe), which (for 2 atoms of oxygen 
supplied) corresponds to 0-02094 g. of glucose or 100-4%. In the 
superimposed indigotin titration, an amount of indigotin equivalent 
to 6:9 c.c. of TiCl, was required, corresponding (for one additional 
atom of oxygen) to 0-02123 g. of glucose or 101-:3%. 


Titre of 
Sugar  TiCl, (1 c.c. Sugar OTE 
taken =—xX10* TiCl, found sugar 
Sugar. Oxidant. (g.). g. Fe). (c.c.). (2). taken. 
Glucose ......... M 0-03956 27:42 26:7 0-:03922 99:15 
Shad Foe ab es I 0-0400 18-38 40-5 0-03988 99-7 
hen Hiner Perey Th 0:03733 19-23 36:2 0:037286 99:8 
POURING... F 0-02029 19-23 19-7  0-020382 ' 99-8 
Cer ME mebeagn R 0-0400 19-98 12-4 0-03984 99-6 
Sha ALP Seley Sere K-b “0-0200 19-98 12-5 0-020075 100-4 
Levulose ...... M 0:04006 20-81 48-1 0:04023 100-4 
i oO Ltn I 0-02023 19-15 26-2 0-:02016 99-7 
oN SUN EUS a ae Th 0:0400 19-23 51:55 0-038976 99-4 
ane) Ng eg F 0:0390 19-23 50-5 ~ +0-03898" °99*9 
gs doa OP K-b 00200 19-98 26-2 0:03033 100-3 
Sucrose (inv.).... M 0-0291 15-72 42-5 0-02914 100-1 
is I 0-0227 20-01 25:9 0-02261 99-6 
bi Seat ve 0:0227 20-01 26:0 0-02269 . 99-9 
Galactose ...... M. 0-0388 17-24 42:0 0:03879 99:8 
Ear) Ti Se I 0-03304 18-45 33:4 0:03300 99:8 
Arabinose ...... I 0:0400 20-66 42-4 0-03911 97-8 
Glucosamine 
hydrochloride I 0:05232 19-23 42:3 0:05219 99:7 
Glucosamine 
hydrochloride F 0:02505 17-49 22-2. 0:02493 99-5 
Glycuronic acid 
in euxanthic 
“oh Gee pe I 0-2010 20-01 26-4 0-09150 465-5 


M, methylene-blue; I, potassium indigotintetrasulphonate; Th, thio- 
indigodisulphonic acid; F, potassium ferricyanide; R, rosinduline; K-b 
kitone-blue. 
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Various amounts of glucose with potassium indigotintetrasulph- 
onate as oxidising agent. 


Glucose taken C.c. of TiCl, Glucose found % of glucose 
(g.). used, (g.). taken. 
0:052675 50-1 0:052505 99-7 
0:04214 40-2 0:042129 99-9 
0:02107 20-0 0:02096 99-5 
0:010535 10-1 0-010585 100-4 
0:0052675 5:0 0-005 24 99-5 


1 C.c. TiC], = 0:001956 g. Fe. 


Various amounts of glucose with potassium ferricyanide as oxidising 


agent. 
0-0800 65-3 0-0798 99:8 
0-0500 41-0 0-0500 100-05 
0-0400 32-6 0-0399 09:7 
0-0198 16-2 0-0198 100-0 > 
0-0099 8-1 0-0099 100-0 


1 C.c. TiC], = 0-002272 g. Fe, 


Summary. 
1. It is shown that, in an alkaline medium, glucose, levulose, 
and certain other carbohydrates are oxidised to a definite degree 


oO 
2 


ii 
; 


by methylene-blue and by potassium indigotintetrasulphonate. — 


Glucose, glucosamine, and galactose take up, under the conditions, 


exactly three, and levulose four, atomic proportions of oxygen. | 


Potassium ferricyanide can replace the dyestuffs in these estim- 
ations. 


2. When boiled for two minutes with excess of caustic soda in — 


an atmosphere of nitrogen, both glucose and levulose neutralise 
an amount of alkali corresponding exactly to the formation of 
two molecules of lactic acid. 

3. When glucose is boiled with excess of potassium ferricyanide 


and caustic potash, the amount of alkali neutralised (over and — 


above that required to form potassium ferrocyanide) represents 
exactly three equivalents of caustic potash. In the case of leevulose, 


the amount of caustic potash neutralised is approximately four — 


equivalents. 


4. Glycuronic acid can be estimated quantitatively by titration — 
with potassium indigotintetrasulphonate. ‘The volumetric osazone © 


titration method may also be employed for the purpose. 
5. In presence of caustic alkali, glucose is also oxidised quanti- 
tatively by kitone-blue and by rosinduline. In the former case, 


two, and in the latter, one atomic proportion of oxygen is supplied — 


by these dyestuffs. 


MvuNIcIPAL COLLEGE oF TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [Received, July 23rd, 1925.] 
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CCCXCVI.—The Salting-out Hffect. The Influence of 
Electrolytes on the Solubility of Iodine in Water. 


By JoHN STANLEY CARTER. 


THE fact that the solubility of non-electrolytes in water is lowered 
by addition of electrolytes has attracted considerable attention, 
and various empirical or semi-empirical equations have been put 
forward to express the relation between the change in the solubility 
and the concentration of the electrolyte. In most of the earlier 
work, the latter rarely exceeded one gram-equivalent per litre, and 
over this range the solubility lowering is approximately proportional 
to the concentration of the electrolyte. Experiments in which the 
electrolyte concentration was varied over a wider range show, 
however, that this proportionality by no means holds. 

Measurements of the solubility of phenol in sodium sulphate 
solutions (Dawson, J. Soc. Chem. Ind., 1920, 39, 1517), of the 
solubility of ethyl ether in sodium chloride solutions (Thorne, J., 
1921, 119, 262) and of quinol and quinone in various salt solutions 
(Linderstrom-Lang, Compt. rend. Trav. Lab. Carlsberg, 1924, 15, 4) 
show that, over a considerable concentration range, the influence 
of electrolytes on the solubility of non-electrolytes can be expressed. 
by the exponential formula s = sje’, first suggested by Setschenov 
(Z. physikal. Chem., 1889, 4, 117), where sy) and s denote respectively 
the solubilities of the non-electrolyte in water and in a salt solution, 
the concentration of which, expressed in terms of the volume of 
the solution, is represented by c, and k is a constant characteristic 
of the dissolved electrolyte. 

In the present investigation, the validity of the exponential 
formula has been tested by measurements of the solubility of 
iodine in aqueous solutions, the concentration of which ranged up 
to saturation at the temperature of observation. In previous 
measurements (Jakowkin, Z. physikal. Chem., 1896, 20,19; Dawson, 
ibid., 1906, 56, 606), in which the salting-out effect was examined 
by determining the partition of iodine between carbon disulphide 
and aqueous salt solutions, the concentration of the electrolytes 
was varied only between comparatively narrow limits. The num- 
bers thus obtained are consequently of little use for the present 
purpose. | 

The experimental data now recorded have reference to the effects 
produced by sodium nitrate, sulphate, and dihydrogen phosphate 
and by nitric and sulphuric acids. These are all readily soluble 
in water and do not react with iodine. The salts of weak acids 
are generally inadmissible on account of hydrolysis, and the halogen 
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salts are unsuitable because of the readiness with which they form 
perhalogen compounds. Various other salts had to be rejected on 
account of their oxidising properties, which introduce difficulties 
in the estimation of the iodine by means of thiosulphate. Measure- 
ments were also made with sodium chloride, allowance for the 
effect of perhalide formation being made in a manner which will 
be described later. 
EXPERIMENTAL. 

Iodine and the salts employed were purified by the customary 
methods. Since Bray (J. Amer. Chem. Soc., 1910, 32, 932) has 
shown that the hydrolysis of iodine is repressed in faintly acid 
solution, the values of pa for the solutions of sodium nitrate, 
sulphate and chloride were adjusted to 5—5-:5 by the addition of 
small. quantities of the corresponding acids. 

In the determinations of solubility, every precaution was taken 
to ensure complete saturation, efficient filtration, and to prevent 
loss of iodine by volatilisation. In the experiments with nitric 
and sulphuric acids, the dissolved iodine was extracted from a 
known weight of the saturated solution by repeated shaking with 
carbon tetrachloride; the latter was then freed from mineral 
acid by shaking with dilute aqueous sodium acetate. Freshly 
prepared 0-01N-sodium thiosulphate was used for the titrations. 
In order to obtain solutions of sufficiently high salt concentration, 
the first experiments (with sodium sulphate) were made at 35° 
but subsequent measurements were made at 25° and 10°. 

Determinations of the solubility of iodine in water with a slight 
acid reaction (pg 5) gave the following results (millimoles per 
litre) : : 


AG ILO tot is onan eae 0-835 0-837 
ALI 20 Tas iniheutk aed 1-319 1-321 1-322 
PUTS ts dat oe ae ee er 1-808 1-809 


The values at 25° agree with the value, 1-320, recorded by Bray 
(loc. cit.), but are lower than that, 1-334, given by Hartley and 
Campbell (J., 1908, 93, 741), which is considered by Bray to be a 
little too high. 

In Table I the solubilities experimentally determined are com- 
pared with those calculated from the exponential equation, which 
was put into logarithmic form, 


log’s'== log sg — ko i f Sony bY, 


the value of the constant k’ being given by the are of the line in 
the graph of log s—concentration. ; 

In the application of this formula to the results obtained for the 
more concentrated solutions, the mode of expressing the concen- 
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tration of the dissolved electrolyte is a matter of great importance. 
The range of validity of the logarithmic formula is very much 
greater when the concentration of the electrolyte is referred to a 
fixed weight of water than it is when the concentration is expressed 
in terms of a fixed volume of solution. In the latter case, deviations 
appear when the concentration of the electrolyte reaches 2—3 
gram-equivalents per litre, and the magnitude of these deviations 
increases continuously with the concentration of the dissolved salt. 
_ For this reason, the concentrations of the electrolytes, c, represent 
the number of moles (equivalents in the case of sodium sulphate) 
per 1000 moles of water. The solubility of iodine is expressed in 
the same way, s’ being the measured value and s the value cal- 
culated from equation (1). The values of s9 at 25° and 35°, respect- 
ively, are 0-0238 and 0-0327. The ordinary weight percentage 
composition of the various solutions is given under “ w%.”’ 


TaBLe I. 
Sodium Nitrate at 25°. k’ = 0-00296. 
wm; 38° 10%. 3X 10°. 1 8 tne x 10%, yO. a ok LO. 8 EOF 
5:89 22-2 21-8 25:67 14-5 14-5 39°83 «O11 9-16 
11-10 20-2 19-9 29:75 12-5 12-9 44:16 7-53 7:60 
15:31 18-5 18-4 35:43 10-8 10-8 


Sodium Nitrate at 35°. k’ = 0-00243. 


L398 632-7 32:3 15:89 26:8 26-2 50-1 =10-0 9-94 
3°48 32-0 31-4 29:06 20-1 20-1 
6:85 30-2 30-0 40-17 14:3 14-7 


Sodium Sulphate at 25°. k’ = 0-0090. 


5-66 17:3 17-4 16-24 8:55 8-60 19-66 6:56 6-59 
8-64 14-4 14:5 


Sodium Sulphate at 35°. k’ = 0-0087. 


1:05 31:8 31-1 9-13 20-2 19-8 25:31 5-78 5°85 
2:31 29-3 29-0 14:79 13-3 13-5 31-80 3-05 3°06 
4:93 25-2 25-2 21-10 8-39 8-42 33:1 2°58 2-66 
Sodium Dihydrogen Phosphate at 25°. hk’ = 0-0062. 
7:53 19-4 20-0 26:40 JlI1-l LI-] 45-26 [1-8] 3:98 
14:40 16-1 16-6 31-66 8-93 8-85 
20-64 13-5 13-7 41:06 [4:3] 5:35 


Comparison of the observed and the calculated solubilities of 
iodine shows that there is close agreement over the entire range of 
possible salt solutions in the case of sodium nitrate and sulphate ; 
and also in the case of sodium dihydrogen phosphate, excepting 
the two most concentrated solutions, for which the measured 
solubilities are smaller than the calculated values. This divergence 
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suggests the operation of some factor other than that responsible 
for the normal salting-out effect. An explanation may possibly 
be found in the acid character of the electrolyte in this case, for, 
as will be seen later, the behaviour of nitric and sulphuric acids is 
quite different from that of the corresponding salts. 

Iodine dissolved in a solution of sodium chloride exists in part 
as free iodine and partly in the form of a complex polyhalide. 
The influence of polyhalide formation is such that the solubility 
of iodine passes through a maximum when the concentration of 
the sodium chloride increases (Table II, column 2). 


Millimoles of iodine per litre. 


Percentage of nitric acid. 


Solubility of iodine in aqueous solutions of nitric acid. 


In order to obtain the value of k’ in equation (1) for sodium 
chloride, it was assumed that the polyiodide equilibrium NaCl ++ 
I, = NaCII, conforms to the requirements of the mass-law equation 
and that the variations in the value of the expression [NaCl][1,]/ 
[NaClI,] = a are due to the salting-out effect of the sodium chloride 
on the iodine. By plotting these values against the sodium chloride 
concentration and extrapolating to zero salt content, a limiting 
value of a = 12-0 was obtained, and this was assumed to be the 
true value of the mass-law constant. In calculating the concen- 
trations of free and combined iodine from this number, advantage 
was taken of the fact that the total salt concentration may be 
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substituted for [NaCl] in the mass-law equation without introducing 
any serious error. 


TABLE II, 
Sodium Chloride at 25°. kh’ = 0-00575. 
Cone. of total Conc. of combined Conc. of free rie 
% NaCl. dissolved iodine. iodine =[NaClI,]. iodine=s’, 8, Wy 
4-52 0:04403 0:02405 0:0200 0:0197 — 
7:43 0:05295 0-03560 0:0174 0:0172 
14-14 0:06289 0-05085 0-:0121 0-0122 
20-31 0:06311 0:05475 0-00835 0:00843 
23-15 0-:06105 0-05405 0-00700 0-00698 
25°95 0:05790 0:05210 0:00580 0:00571 


The close agreement between the numbers in the last two columns 
of Table II affords clear evidence that the salting-out effect of 
sodium chloride is exactly similar to that of the other salts examined 
when due allowance is made for the disturbing influence of 
polyiodide formation. 

Tables III and IV contain the data for solutions of nitric and 
sulphuric acid. As there is no simple relation between the solubility 
of the iodine and the concentration of the dissolved acid, the con- 
centration of the iodine is expressed in millimoles per litre (6). 


TaBueE ITI. 
Solubility of Iodine in Nitric Acid Solutions. 
10°. 25°. 35°. 
As td A Le RENT fl | EE ESE : 
% HNO,. b. o% HNO . b. o% HNOs. b. 
: 11-80 0-969 10-91 1-60 3°31 1-87 
23°88 1-035 23-16 1-79 6-50 2-04 
32°35 1-020 30-05 1-85 15-50 2°33 
40-82 0-985 33°62 1-86 28-72 2-60 
49-57 0-952 42-28 1-85 42-63 2-75 
55-82 0-962 52°77 1-89 43-13 2:73 
64-30 1-08 60-36 2-10 58°34 3°68 
70-00 1-78 63-81 2:36 
67-41 2°78 
69-65 3°12 
72-60 3°94 
TABLE IV. 
Solubility of Iodine in Sulphuric Acid Solutions at 25°. 
A Colour of A 
H,SQ,. b. sat. sol. H,SO,. db. Colour of sat. sol. 
11-87 1-02 Brown. 40-42 0-545 Brown with pink tinge. 
22-72 0-820 Brown. 59°53 0-380 Pink with brown tinge. 
33°25 0-615 Brown. 72:04 0-270 Pink. 


87-37 0-200 Pink. 


The somewhat complicated relations exhibited by the data for 
solutions of nitric acid are more clearly represented in the diagram. 
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The curve for 35° shows that the solubility increases continuously 


with the concentration of the acid, but the rate of increase diminishes ~ 


A 


ei 


za 


markedly in the middle portion of the curve. The factors which | 


give rise to this diminution have obviously a much greater influence — 
at lower temperatures, in that the curve for 10° shows a maximum \ 
andaminimum. At 25°, the relations are intermediate in character ; ; 
the form of the curve corresponds with the behaviour expected ~ 
from the results at 10° and 35°. In connexion with these results, 
it may be noted that solutions containing more than 60% HNOs,, — 


although brown when viewed in bulk, have a distinctly pink shade. ~ 


In sulphuric acid solutions, the solubility of iodine decreases con- 


tinuously as the concentration of the acid increases from 0 to 87%, a 
but the data do not conform at all to the requirements of the 


logarithmic formula which expresses the salt effects. The colour 
of the solutions changes gradually from brown to pink. 

There is apparently no connexion between the effects observed 
with nitric and sulphuric acid solutions and those obtained for 


neutral salt solutions. If the mineral acids exert any action which ~ 
is comparable with that of the salts, it is more or less completely — 
masked by other effects which play no part in the case of the — 


neutral salts. It seems probable that the solvent power of nitric — 
acid for iodine is in part responsible for the complicated behaviour ~ 


exhibited by nitric acid solutions. 


Recent measurements (Manchot, Jahrstorper, and Zepter, Z. | 
anorg. Chem., 1924, 141, 45) of the solubility of nitrous oxide in | 


aqueous solutions also have shown that the influence of the free 


mineral acids is totally different from that of the corresponding — 


salts. 


My thanks are due to Professor H. M. Dawson for suggesting — 


the lines of this research and for his helpful criticism and advice. 
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CCCXCVII.—The Partial Pressures of Aqueous Hthyl 


Alcohol. 


By Hinyarp JoHN Eerinton Dosson. 


In connexion with work now in progress, it became necessary to 
have accurate data for the partial vapour pressures of ethyl alcohol 
at 25°, for aqueous mixtures containing up to 90% of alcohol. 


The system is in itself of obvious importance, yet the existing data 
for these properties seem to be defective. Foote and Scholes” 


— 
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(J. Amer. Chem. Soc., 1911, 33, 1309) obtained figures for the 
aqueous partial pressure which exhibit a curious break in sequence; 
this they ascribe to experimental error. Wrewski, working at 
39:7° (Z. physikal. Chem., 1912, 81, 1), obtained. similar discon- 
tinuities in the same region between 20 and 40% alcohol. The 
system has therefore been newly studied by the method indicated 
below; the results prove to be free from the anomalies hitherto 
prevalent, and are believed to have considerable accuracy. 
Method.—The partial pressures were measured by the dynamic 
or “bubbling” method. This method consists essentially in 
measuring the mass and composition of the mixed vapour which 
at 25° saturates a measured volume of a chemically inert gas, and 


Ere. 1, Fig. la. 


thence calculating, with the aid of the simple gas laws, the partial 
pressures, or more accurately the vapour concentrations, of the two 
components alcohol and water.’ With some of the higher strengths 
of alcohol the mass and the composition of the vapour were measured 
simultaneously, but it was generally found more convenient to 
determine these separately for a given aqueous alcohol mixture. 
The determination of vapour composition is first described, and 
secondly the determination of the mass of vapour saturating a 
measured volume of gas. 

Vapour Composition.—Nitrogen gas was saturated with the vapour 
of aqueous alcohol contained in a system of bubblers immersed in 
a thermostat electrically regulated at 25° + 0:02°. The saturated 
vapour was then carried from the thermostat without condensation 
through an electrically heated tube, E (Fig. 1), to a U-tube immersed 
in a powerful refrigerant, and in this U-tube the vapour was quanti- 
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tatively condensed. The composition of the distillate was deter- 
mined pyknometrically by the special means mentioned below. 
Since for this purpose as much as 3 grams of liquid had to be 
distilled, it was essential to ensure that the change in composition 
of the final saturating bubbler was negligible. This was achieved 
by placing a slightly stronger alcohol mixture in the first bubbler, 


A, in which most of the evaporation occurred; the chilling due to — 


latent heat was taken up in the long glass tube, B; whilst the 
remaining concentration changes were taken up by the second 
saturator, C, containing the same liquid as was in the final saturator, 
D. This was specially designed to remove all danger of spray being 
carried over from bursting bubbles; the absence of spray from this 
bubbler was proved in special experiments with highly coloured dyes. 

The exposed tube, E, was covered with asbestos on which 
Nichrome wire was wound, and a temperature of 80—100° was 
maintained electrically throughout the experiment. An external 
glass sheath was sealed to E, so that the heating coil extended 
below the level of the water in the thermostat. 

The U-tube proved very efficient in condensing the vapour quanti- 
tatively ; and liquid air, used in many of the experiments, appeared 
to have little advantage over a mixture of carbon dioxide snow and 


ether as a-refrigerant for this purpose. The U-tube was 2 feet in © 
total length and was placed in a correspondingly large Dewar flask © 


filled with refrigerant, and the distillation was made (generally 
over-night) in a current of nitrogen flowing at the rate of 1 to 3 
litres per hour. Special precautions were taken, and mechanical 
indicators were devised which showed when any mishap had occurred. 
All determinations were in duplicate. 

The method of sampling was as follows. When sufficient con- 
densate had been obtained, the U-tube was removed from the Dewar 
flask, and the pyknometer (Fig. 14) was fitted by the ground glass 


joint, J, to the sampling tube, F. When the condensate had thawed, — 


and had been thoroughly shaken in the U-tube (to nullify fractiona- 
tion), it was forced by air pressure into the bulb of the pyknometer 
to the mark H. The tap was then turned so as to close the bulb, 
and to connect the joint, J, to the side tube, I. A rubber cap was 
slipped over J, and the pipette was immersed in the thermostat at 


25°. When equilibrium was attained, excess of alcohol was absorbed — 


by spills of filter-paper, till the meniscus stood at the mark H. — 


The pyknometer was now dried, and before weighing it the passage 


through the tap was washed out from I to J by sucking 30% alcohol 


through and drying the passage with a current of air. 


In this way, weighings reproducible to 0-2 mg. were obtained, | 
giving densities agreeing within less than 0-0001 unit. Densities — 


ee ee 


ee 


THE PARTIAL PRESSURES OF AQUEOUS ETHYL ALCOHOL. 2869 


at 25° were used throughout for the estimation of percentage com- 
position. This was read from the smooth curve obtained by plotting 
on a large scale the accurate data of Osborne and McKelvy (Landolt- 
Bornstein-Roth, “ Tabellen,’’ 1923 Ed., p. 448) 


TasieE I, 
The Vapour of Aqueous Alcohol. 
Weight % alcohol Condensed — Frror of Temp. of 


; Liquid. oa vapour. weight 9% condensation 
a. in liquid. in vapour. dg figures. of vapour. 
0-98618 6-21 35:80 0-93990 0-03 — 190° 
0-97701 12-36 54-20 0-90045 0-04 —190 
0-96572 20-51 66-17 0-8724] 0:03 — 190 
0-95337 28-40 72-91 0-85634 0-01 — 80 
0:94360 33°90 75°38 0-85038 0:04 — 190 
0-93285 39-32 77-10 0-84634 0-06 —190 
0-90890 50-46 80-03 0-83903 0-02 — 80 
0-89512 56-50 81-23 0-83614 0-04 —190 
0-86068 71-09 84-40 0-82814 0-01 — 80 
0-84392 78:07 86-20 0-82341 0-03 — 80 
0:81337 90-12 91-90 0-80860 0-02 — 190 


The results of these determinations are in Table I, and each is the 
mean of two or more experiments. The maximum deviation from 
the mean figure for each concentration is expressed in the fifth 
column and shows the uncertainty in the percentage compositions. 
That these figures give a smooth vapour composition curve is shown 
in Fig. 2, in which these results are compared with the previous data 
of Foote and Scholes, which are here represented by crosses on a 
broken line. 

Partial Pressures.—The apparatus used was a modification of that 
employed by Dobson and Masson (J., 1924, 125, 673) in measuring 
the aqueous vapour pressure of hydrochloric acid. A current of 
nitrogen gas, saturated with the vapour of the aqueous alcohol at 
25°, passed through a weighed bubbler containing about 50 g. of 
concentrated sulphuric acid, in which both the aqueous and the 
alcoholic vapours were quantitatively condensed (Masson and 
McEwan, J. Soc. Chem. Ind., 1921, 40, 297). The device used for 
collecting the issuing gas at atmospheric pressures has been already 
described (Dobson, J., 1924, 125, 1968); it materially increased 
the accuracy of the experiments, since it maintained in the saturator 
a constant total pressure, which was measured by a manometer. 
The importance of measuring this quantity has been emphasised 
by Berkeley (Nature, 1915, 95, 54). Foote and Scholes were 
apparently able to neglect this through the arrangement of their 
apparatus, and on this account the method of calculation materially 
differs from theirs. 

The volume of nitrogen, v, saturated at 25° with the vapour, is 
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related by equation (1) to the volume, JV, collected in the aspirator 
and measured at a temperature, 7'° absolute, and a pressure, B—h, 
where B is the barometric height, and # the vapour pressure of 
water at the temperature of the aspirator, 7”. 

y = 298-1V(B — A) /{T(B, — py}. Y) 
where B, is the total pressure in the saturator measured by the 
manometer, and p= Py + Pac, is the total vapour pressure of 
the mixture, which must be estimated by successive approximations. 


Weight % of alcohol in vapour. 


Weight % of alcohol in liquid. 
© Experimental points here determined. 
x Found by Foote and Scholes (1911, loc. cit.). 
In no case were duplicate experiments sufficiently divergent to be shown by 
separate points on the scale of this figure. 


The volume v is saturated at 25° by m grams of vapour, having a 
composition «% alcohol as given in Table I. Taking the molecular 
weights 18-02 and 46-06 for water and ethyl alcohol respectively, we 
obtain from the simple gas laws the following equations for the 
partial pressures : 

_ 3-462 mT(B, — p) _, 100 — 2 
Pw ‘pas V(B rod h) x ~ 100 ° . e (2) 
_ 1:354 mT(By — p) | x 
Paar V(B ca) h) 7 x 100 * : : v (3) 
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Kendall (J. Amer. Chem. Soc., 1920, 42, 2481) has shown that 
saturated steam at 100° obeys van der Waals’s equation when the 
constants a and 6 are deduced from the critical data. Calculation 
then shows that the deviation of saturated water vapour from the 
perfect gas laws amounts to only 0-:03% at 25°. A similar calcu- 
lation for saturated ethyl alcohol vapour at the same temperature 
shows that the gas laws hold within 0-1%. The accuracy of the 
equations is therefore as great as that of the experimental data. 

_ ‘The experimental figures are given in columns 2 to 7 of Table II. 
With the aid of equations 2 and 3, the partial pressures of aqueous 
and alcoholic vapour, p, and p,., have been calculated and are 
given in columns 8 and 9. 


TaBxe II. 
Experimental partial pressure results. 


Pressure in millimetres of mercury. 
Wt. % alcohol. Mass 


in Vol. ** Absolute.’” ** Relative.”’ 
Vapour. grams. litres, =—_—— 
Liquid, 7. mM. V.. hl? abs: B —he i By. Pw Palce Po- Pw. Pale- 
0 0 0-3449 15-10 293-9° 738-4 7784 23-75 —- —- — no 


0-4638 20-31 293-9 739:5 779-5 23-75 — ar = — 


12:36 54:20 0-6107 12:24 292:5 742-2 764-4 22-80 10-55 — — —_ 
0-7888 16:00 293-2 740-3 763-2 22-60 10-46 23-80 22-55 10-44 
0-7454 15:10 293-9 738-4 762-1 22-71 10-51 23-75 22-71 10-51 


20:51 66-17 0-9739 15-41 297-1 736-8 766-0 21:72 16-61 23-77 21:70 16-60 
1:0427 16-10 294-1 732-0 755-9 21-87 16-73 23-78 21-84 16-71 
1:0366 16-14. 293-8 731-3 754-9 21:65 16:56 23-51 21:87 16-73 


28-40 72-91 1-6580 20-30 285-8 749-4 768-3 21:17 22-29 23-74 21-18 22-30 
1-6316 20-33 286-7 735°8 763:3 21-11 22-22 23-71 21°15 22.26 


33-90 75:38 1:-4092 16:49 2943 °737-8 762-7 20-83 24:95 23-77 20-81 24-93 
1:3859 16:35 294-3 735-8 ©762-2 20-71 24:79 23-68 20-77 24-86 
1:2826 15:00 2945 738-2 762-4 20-84 24-95 — —_ _ 


39:32 77-10 1:-4590 16:37 296-7 732-2 754-1 20-24 26-65 23-45 20-50 26-99 
1:-4367 16-10 297-5 731-9 754-7 20-34 26-79 — —_ _ 
2-7841 31:10 294-7 741-9 761-1 20-13 26-50 23-45 20-39 26-84 
1:-4955 16:15 292-0 746:5 763-0 20:55 27:07 23-73 20:56 27-09 


50-46 80-03 2-0296 20-31 293-9 739-5 765-4 19-63 30-77 23-75 19-63 30:77 
2:0229 20:33 293-7 735-6 760-5 19-50 30-57 23-59 19-63 30-78 
2:0348 20-32 293-6 737-9 762-8 19-62 30-76 23-80 19-58 30-70 


56:50 81:23 11-5886 15:02 290-5 747-2 760-7 18-96 32:09 23-65 19-04 32-22 
1-7458 16:36 289-0 749-7 763-3 19:04 32-22 23-86 18-95 32-07 
2:9705 28:26 292-4 732-0 748-9 19-04 32-22 _ _— _ 


71:09 84-40 2-3037 20-31 293-7 738-8 763-5 17-28 36:56 23-74 17-29 36-58 
2:3741 20-32 288-4 741-0 761-5 17:37 36-77 — —_ — 


78-07 86-20 3-2033 26:18 291-3 745-5 7645 16-19 39-56 23-63 16:27 39-76 
1-8569 15:30 292-7 728:2 745-4 16:08 39-28 _ —_ — 


90-12 91-90 1:9786 14-45 293-7 728-4 746-7 10-66 47:31 23-66 10-70 47-49 
21785 16:15 296-7 730-1 752-1 10-67 47°35 23°70 10°69 47°45 


100 100 4-7172 29-70 292-3 7460 7593 — 590. — — — 
Column I) (2) (3) (4) (5) (6) GTI MES) CB) LOY HS ATED 1) 
As in the experiments of Dobson and Masson (loc. cit.), a simul- 
taneous determination was made of the vapour pressure of pure 
water, figures being obtained for the mass of water saturating the 
same volume of gas at a total pressure, B,, measured by a second 
manometer. Using an equation similar to equation 2 (in which x 
of course becomes zero), figures were obtained for pp, the vapour 
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pressure of pure water, and these constitute column (10) of Table I. 
These figures provide not only a measure of the accuracy of the 
experiment, but taking the standard mean value py = 23:75 mm. at 


HIG. ja. 


The partial pressures of aqueous alcohol at 25°. 
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x Found by Foote and Scholes, 1911. 
© Hxperimental points here determined. 
Curve I.—The partial pressure of aqueous vapour—py- 
Curve II.—The partial pressure of alcohol vapour—Patec- 
Curve [II.—The total vapour pressure—p. 


i) 
So] 


25°, they yield an independent measure of the vapour pressures 
relative to that of water at the same temperature. The “ relative” 
partial pressures so obtained are given in columns 1] and 12 of | 
Table II. 


| 

, . | 

In calculating the mean values of these experiments, both * rela- : 
| 
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tive’ and ‘‘ absolute’ figures were considered to be of equal value, 
and these mean partial pressures, together with the total vapour 
pressures and the vapour compositions, are given in Table III. 

The vapour pressure results have been plotted graphically in 
Fig. 3, in which they are compared with Foote and Scholes’s results. 


TasieE III. 
Hxperimental Results. 
Weight % Vapour pressures in Weight % Vapour pressures in 
alcohol millimetres. alcohol millimetres. 
a ens | ae wemeenes op Marra. Yee : ibiev mer > Bi soreness, 
in in Aque- Alco- in in Aque-  Alco- 
liquid. vapour. ous.  holic. Total. liquid. vapour. ous. holic. Total. 
0 0 23-75 — 23:75 50:46 80:03 19-60 30:73 50-33 
6-21 35-80 —- 56:50 81:23 19:01 32°16 51-17 


12-36 54:20 22-67 10:50 33:17 71:09 84:40 17:31 36-64 53-95 
20:51 66:17 21:78 16-66 38:44 78-07 86:20 16:18 39-53 55-71 
28-40 .72:19 21:15 22:27 43:42 90-12 91:90 10:68 47-40 58-08 
33:90 75:38 20:79 24:90 45-69 100 100 — 59-01 59-01 
39°32 77:10 20:36 26-85 47-21 


Discussion. 


It appears that these experimental results differ essentially from 
those of Foote and Scholes in the measurement of the composition 
of the vapour. For, when these authors’ figures for partial pressures 
are recalculated, using vapour compositions interpolated from the 
present data instead of from their own, the resulting figures for 
the partial pressures fall in almost every case on the smooth curves 
of Fig. 3. Foote and Scholes (loc. cit., p. 1817) used an analytical 
method in which the alcohol content of the vapours was determined 
by combustion over copper oxide, the percentage of water in the 
vapour being estimated by subtracting from the total water pro- 
duced, 3/2 g.-mols. for each g.-mol. of carbon dioxide weighed. In 
spite of the analytical care displayed by these workers, it appears 

* that inaccuracies were liable to occur, especially where the water 
content of the vapour was low. 


The author wishes to express his indebtedness to Professor Irvine 
Masson for the interest he has taken in this work, and for much 
helpful criticism and advice. 
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CCCXCVIII.—The Methylation of the Oximes of 
Benzil.* 


By Oscar L. Brapy and Himpa M. Prerry. 


Tue methyl ethers of the oximes of benzil were investigated by 
Auwers and Meyer (Ber., 1888, 21, 3510) and by Dittrich (Ber., 
1890, 23, 3589), both of whom prepared them by the action of 
methyl iodide on the sodium salts. The former obtained from 
a-benzildioxime two compounds corresponding in composition to 
the methyl ethers «, (m. p. 165°) and «, (m. p. 109—110°), and 
from 8-benzildioxime the ethers @, (m. p. 72°) and B, (m. p. 88°). 
Very little seems to be known of the constitution of these ethers, 
although Beilstein (‘‘ Organische Chemie,’ 3rd ed., Vol. III, 291, 
293) assigns to «, and £, the structure of OO-dimethyl ethers, 
Cy4H19(N:O-CH;),. Auwers and Meyer did not think that a, 
and ®, were true dimethyl ethers of benzildioxime. 

Dittrich obtained from «-benzilmonoxime a methyl ether A, 
(m. p. 62—63°) and from y-benzilmonoxime an ether T, (m. p. 
64—65°) which he regarded as O-ethers. Investigating the methyl 
ethers of the benzildioximes, he suggested that «, and a, were 
MeO-N:CPh:CPh:N-OMe and MeO NCE ee respectively. 


From y-benzildioxime by methylation he obtained the ether fp, 
formed by isomeric change of the oxime during the reaction. On 
the other hand, Beilstein (op. cit., 4th ed., Vol. VII, 760, 762), while 
accepting Dittrich’s view of the constitutions of «, and ®, as the 
result of a private communication from Auwers, assigns to «, and 
8, the constitutions CR(-NMeO):-CR(-NMeQO). 

The whole problem has now been reinvestigated, methyl sulphate 
being used as the methylating agent. The constitutions of the 


ethers have been established by heating them with hydriodic acid — 


and determining the methyl iodide obtained from the O-ethers and 

detecting the methylamine from the N-ethers by Valton’s method 

(this vol., p. 40). | 
On the Hantzsch-Werner theory, «-benzildioxime should give 


three methyl ethers, 8-benzildioxime three, «-benzilmonoxime two, 


and y-benzilmonoxime two. Of these ten, eight have now been 
characterised. The results are summarised as follows: 


* The usual configurations are adopted for the oximes, and not those 


suggested by Meisenheimer (Ber., 1921, 54, 3206; 1924, 57, 276, 282, 289). 


THE METHYLATION OF THE OXIMES OF BENZIL. 2875 


Ph-C-_———CPh 
N-OH HO-N 
a-Benzildioxime ) 
Y Y Y 
Ph-C—————C:Ph pea, aan Nig Goran core id ta 


N-OMeMeO‘N “1 MeN-O0 Meow % Me:N:0 O:N-Me “8 


a-Benzildioxime OO-di- a-Benzildioxime ON-di- a-Benzildioxime NN-di- 
methyl ether, methyl ether, methyl ether, 
m. p. 164—165°. m. p. 109—110°. m. p. 192°. 
Ph-C—C-Ph 
HO-N N-OH 
B-Benzildioxime 
Y v v 
Ph-C—C-Ph Ph:C C-Ph Ph-C— C-Ph 
MeO-N N-OMe "1 O:N-Me N-OMe ®2 —oNeMe Me-N*0 
8-Benzildioxime 00-di- B-Benzildioxime ON-di- Unknown. 
methyl ether, methyl ether, : 
m. p. 72—73°. m. p. 102—103°, 
Ph:C—COPh 
N:OH 
a-Benzilmonoxime 
v 3 Vone4 
Ph-C—COPh rN Ph-C—COPh 
N:OMe 1 Me:-N:O 
a Benzilmonoxime O-methyl ether, Unknown. 
m. p. 60°. 
Ph-C—COPh 
HO-N 
y-Benzilmonoxime 
ah eS STEEN ERY TPR RT 
Y Y 
Ph:C—COPh A Ph:C—COPh i 
MeO-N 1 O:N:Me 4 
y-Benzilmonoxime O-methy] ether, y-Benzilmonoxime N-methyl ether, 
m. p. 683—64°. m. p. 109—110°. 


-y-Benzildioxime on methylation gave an oil from which were 
isolated y-benzilmonoxime O-methyl ether and benzil; the former 
was probably formed by the hydrolysis of an ON -dimethyl ether, 
and the latter from an NN -dimethyl ether, as the N -methyl com- 
‘pounds are hydrolysed with unusual ease. 

_ On boiling with concentrated hydrochloric acid, «-benzildioxime 
NN-dimethyl ether gives benzil and «-benzildioxime ON -dimethyl 
ether gives y-benzilmonoxime O-methyl ether, probably through 
«-benzilmonoxime O-methyl ether, the latter being converted into 
| VOL. OXXVII. | 5 E 
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the former under these conditions; whilst #-benzildioxime ON-di- 
methyl ether gives y-benzilmonoxime O-methyl ether. «-Benzil- 
dioxime OO-dimethyl ether, on heating with concentrated hydro- 
chloric acid in a sealed tube at 110°, gives 8-benzildioxime OO-di- 
methyl ether. These results are such as would be expected and 
the observations of Auwers and Meyer and of Dittrich are brought 
into line with the usual behaviour of the ethers of the oximes : 
The O-ethers are exceptionally stable to hydrolysing agents, whereas 
the N-ethers are readily hydrolysed; the latter form hydrochlorides, 
the former do not; and the 8-forms of the dioximes and the 
y-forms of the monoximes are the most stable at high temperatures. 
Moreover, the formation of O-methylhydroxylamine, ammonia and 
N-methylhydroxylamine observed by these workers is in agreement 
with the results now obtained. The confusion in the literature of 
these compounds has thus been abolished, but the desire to obtain 
the complete series of ethers has been disappointed. 

In the experimental part are described attempts to prepare the 
missing ethers by using other methylating agents and various 
conditions of methylation. 


EXPERIMENTAL.* 


Methylation of y-Benzilmonoxime.—The oxime (10 g.) was dis- 
solved in sodium hydroxide (10 g. in 120 c.c. of water and 5 c.c. 
of methyl alcohol) and to the filtered solution methyl sulphate 
(18 g.) was added in small portions, rise of temperature being 
avoided. The oil which separated was dissolved in ether, and 
light petroleum added; an oil then separated. The whole was 
placed in a freezing mixture and after five minutes’ scratching the 
oil solidified. In subsequent preparations, rapid crystallisation was 
induced by inoculation. The solid, crystallised twice from boiling 
ligroin, gave y-benzilmonoxime N-methyl ether in colourless needles, 
m. p. 109—110° (Found: N, 5-9. C,;H,,0,N requires N, 5-9%). 
It was sparingly soluble in ligroin or light petroleum and easily 
soluble in ether, benzene, or alcohol. Boiling with hydriodic acid 
gave no methyl iodide, but methylamine was detected by decolor- 
ising the solution with sulphur dioxide, making it alkaline with 
sodium hydroxide, and distilling into alcoholic 2 : 4-dinitrochloro- 
benzene, when 2 : 4-dinitromethylaniline was obtained (Valton, loc. 
Cie): 

The ether-light petroleum mixture (above) was evaporated at 
room temperature, the residual oil dissolved in the minimum of 


* It is important that all ethereal extracts should be dried before further 
treatment and that only anhydrous sodium sulphate should be used for this 
purpose. 


THE METHYLATION OF THE OXIMES OF BENZIL. 2877 


ether, and light petroleum added, whereby a further quantity of 

the N-ether was precipitated. The filtrate on evaporation yielded 
an oil which solidified on treatment with a few drops of alcohol 
and scratching; this having been pressed on a porous tile and 
crystallised’ twice from alcohol, y-benzilmonoxime O-methyl ether 
was obtained, m. p. 63° (Dittrich gives 64—65°). 

Methoxyl determinations made to confirm the constitution of 
this compound gave consistently low results in presence or absence 
of acetic anhydride (MeO, 79, 8-6, 7:9. Cale., 1MeO, 13-0%). 
As the compound is somewhat readily volatile at 100°, a deter- 
mination was carried out very slowly by heating first for an hour 
at 100° with the stream of carbon dioxide stopped and then at 
135—140° as usual, but the result was worse (MeO, 7:-4%). The 
heating with hydriodic acid was then carried out in a sealed tube, 
but a low result was again obtained (MeO, 8-2%). The compound 
Was apparently pure, it consisted of well-formed, transparent 
crystals which seemed homogeneous under the microscope and 
remained unchanged in m. p. after crystallisation from various 
solvents. Dittrich obtained satisfactory analytical figures for 
carbon and hydrogen, and these have been confirmed (Found : 
C, 75-5; H, 5:5; N, 5-9. 1@ale.,.G, 73°3; H, 5-4; N, 0:9) 043 
view of the possibility that the substance might contain the isomeric 
N-ether the hydriodic acid solution from the methoxyl determin- 
ation was examined by Valton’s method (Joc. cit.), but methylamine 
Was not detected. Since the substance should contain some 30%, 
of the N-ether to account for the low methoxyl value, and more 
than 0-3 g. of it was employed in the methoxyl determination, the 
amount of methylamine which would have been formed corresponds 
to 0-03 g. of methylamine hydrochloride; Valton’s method will 
detect 0-005 g. of this compound. Moreover, no difficulty was 
experienced in detecting a similar amount of methylamine formed 
in the methoxyl determinations of the ON-dimethyl ethers of 
benzildioxime. Now y-benzilmonoxime O-methy] ether is the stable 
isomeride, «-benzilmonoxime O-methyl ether passing into it on 
heating at 100° with concentrated hydrochloric acid. It will there- 
fore be the first product formed when «-benzilmonoxime O-methyl 
ether and «- and 6-benzildioxime ON-dimethyl ethers are heated 
with hydriodic acid (since the N-methylhydroxylamino-group is 

very easily eliminated in the last two cases); it is noteworthy that 

in these cases also similar low methoxyl values were obtained. if 

the O-methylhydroxylamino-groups are removed one at a time 

rom the benzildioxime OO-dimethyl ethers, y-benzilmonoxime 

/-methyl ether will be formed, and this probably accounts for the 

ow but better methoxyl values obtained with these compounds. 
45E2 
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If Meisenheimer’s configuration (Joc. cit.) be adopted, a possible 
explanation can be suggested involving reduction of the carbonyl 
group and ring formation by elimination of water from the resulting 
CH-OH and the methyl group. This point is being investigated. 


Ph-G-—COPh Ph--—CHPh-OH Ph-C—-CHPh 
N-OMe .—>  N-OMe ota N-O-CH, 


Fortunately, in spite of this difficulty, the methoxyl determin- 
ations leave no doubt of the constitutions of the different ethers. 
Methylation of x-Benzilmonoxime.—«-Benzilmonoxime was methyl- 
ated in a similar manner as the y-compound, and the oil which 
separated was removed with ether. Part of the extract on evapor- 
ation gave an oil which solidified on scratching (m. p. 54—58°); 
to the rest light petroleum was added until a faint turbidity was 
produced, and the solution left in a freezing mixture for 10 minutes, 
when some crystals separated (m. p. 54—58°). The mother-liquor 
was evaporated at room temperature; an oil was then obtained 
which solidified on scratching (m. p. 56—59°). No lowering of 
melting point occurred on mixing the various fractions, so if the 
second methyl derivative is formed the amount must be very 
small. Two crystallisations from methyl alcohol gave «-benzil- 
monoxime Q-methyl ether, m. p. 58—59° (Found : MeO, 8-7, 8:5. 
Calc., 1MeO, 130%). Further search was made for the N-ether 
by distilling the mother-liquor from the first crystallisation in 
steam to remove the Q-ether and extracting the residue with ether, 
but only a very small quantity of a red, uncrystallisable oil was 
obtained. . 
x-Benzilmonoxime O-methyl ether was boiled for 30 minutes 
under reflux with concentrated hydrochloric acid. The y-benzil- 
monoxime O-methyl ether obtained on diluting the solution and 
extracting with ether was identified by the method of mixed melting 
points. Wt 
Preparation of «-Benzildioxime.—This oxime is best prepared by 
dissolving sodium hydroxide (80 g.) in water (500 c.c.) and adding, 
with cooling, a solution of hydroxylamine hydrochloride (40 g. in 
100 c.c. of water) followed by finely powdered benzil (50 g.) and 
alcohol (25 ¢.c.). After 3 days, the small amount of unchanged 
benzil was filtered off and the oxime precipitated with carbon 
dioxide and extracted three times with boiling alcohol, in which 
the «-dioxime is almost insoluble. The residue melted at 230° 
and was considered sufficiently pure. | 
Methylation of «-Benzildioxime.—The oxime (10 g.) was dissolved 
in sodium hydroxide (30 g. in 200 c.c. of water) with the addition 
of a little methyl alcohol (5 c.c.). To the filtered solution, methyl 


é 
th 
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sulphate (42 g.) was added in small portions with shaking and 
cooling. An oil separated which slowly became pasty; this was 
collected and treated with a small quantity of ether, when a solid 
remained undissolved, m. p. 162°. Two crystallisations from alcohol 
gave a fine, crystalline compound, m. p. 165—166°; further crystal- 
lisation from alcohol did not raise. the melting point. In a Zeisel 
estimation, silver iodide was produced in amount corresponding to 
6:2°% of OEt (Half a molecule of alcohol of crystallisation requires 
OEt, 7-7%); but the production of silver iodide may be due to 
contamination with O-methyl ether. The substance on crystal- 
lising three times from benzene gave large, colourless crystals, 
m. p. 185° (Found: N, 9-4; loss at 100°, 12-7. C,,H,,O,N.2,3C,H, 
requires N, 9-1; loss, 12-7%). On heating for 3 hours at 100°, 
the crystals became opaque and «-benzildiovime NN-dimethyl ether 
was obtained, m. p. 192° (decomp.) (Found: N, 10-5. ©,,.H,,O.N, 
requires N, 10-4°%). Neither of these compounds gave any alkyl 
iodide on heating with hydriodic acid. The association of solvent 
of crystallisation was not unexpected in view of the general tend- 
ency of the N-ethers of the aldoximes to separate with water of 
crystallisation. The NN-dimethyl ether is sparingly soluble in all 
ordinary solvents; it dissolves in concentrated hydrochloric acid 
in the cold and on boiling the solution benzil is formed. 

The alkaline solution from the methylation was extracted with 
ether, and the extract added to the ether washings obtained in the 
preparation of the above compound. After removal of the solvent 
at room temperature an oil containing crystals of the N N-dimethyl 
compound was obtained. The oil was decanted off, the crystals 
were washed with a little alcohol, and the washings added to the 
oil. The solution so obtained was evaporated somewhat and con- 
centrated hydrochloric acid added drop by drop until the whole 
consisted of a pasty mass, which was sucked as dry as possible. 
The hydrochloride was washed several times with concentrated 
hydrochloric acid and finally with warm ether, the ether washings 
being retained (A). The solid was decomposed with concentrated 
aqueous ammonia; a pasty mass was then formed which slowly 
solidified. Crystallised three times from light petroleum, it gave 
a-benzildioxime NO-dimethy] ether, m. p. 109°. This is apparently 
the compound, m. p. 109—110°, described by Auwers and Meyer 
(loc. cit.) (Found: MeO, 9-0, 9:4. Calc., 1MeO, 11-6%). Methyl- 
amine was detected in the hydriodic acid after the methoxyl deter- 
mination. 

a-Benzildioxime NO-dimethyl ether was boiled with concentrated 
hydrochloric acid for 30 minutes, and the mixture was diluted, 
and extracted with ether. Removal of the solvent gave an oil 
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from which crystals separated. After two crystallisations from 
alcohol, these proved to be y-benzilmonoxime O-methyl ether, the 
-N(CH,):O group having been removed and the C-ether of the 
z-monoxime converted into that of the y-monoxime, a change which 
has been shown to occur under the conditions of the experiment. 

The ether washings from the. hydrochloride (A) were evaporated 
and. the residue was distilled in steam. The smali amount of oil 
which volatilised partly solidified on keeping, and the solid on 
crystallisation from dilute alcohol gave «-benzilmonoxime O-methyl 
ether, formed probably by the hydrolysis of the NO-dimethyl 
ether; no OO-dimethyl ether could be isolated and little if any of 
this compound appears to be formed under these conditions of 
methylation. 

Auwers and Meyer apparently obtained the O0-dimethyl ether 
by the action of methyl iodide on the sodium salt of the oxime, 
but some doubt existed whether their compound, m. p. 165°, was 
actually the OO-dimethyl ether or the NN-dimethyl ether con- 
taining alcohol of crystallisation (m. p. 165°). A methylation with 
methyl iodide was carried out, a simpler technique than that of 
Auwers and. Meyer being used; «-benzildioxime OO-dimethy]l ether, 
m. p. 161°, and «-benzildioxime NO-dimethyl ether were obtained, 
but no N.N-dimethy]! ether. 

A better method of obtaining «-benzildioxime OQ-dimethyl ether 
consisted in mixing «-benzildioxime (2 g.) with dry silver oxide 
(2 g.) and methyl iodide (2:3 g.), diluting with dry ether, and heating» 
under reflux for 2 hours. The mixture was filtered and the residue 
extracted twice with hot ether; on cooling, a solid separated from 
the filtrate. The solvent was evaporated at room temperature, 
leaving a solid and a small quantity of oil. The solid was crystal- 
lised three times from acetone and the «-benzildioxime OO-dimethyl 
ether described by Auwers and Meyer was thus obtained, m. p. 
163—164° (Found: MeO, 18-8. Calc., 2MeO, 23-19%). This was 
identical with the somewhat less pure product (m. p. 161°) obtained 
above. The hydriodic acid solution from the methoxyl determination 
gave no methylamine when tested by the method described above. 

Heated in a sealed tube with concentrated hydrochloric acid for 
10 hours, «-benzildioxime OO-dimethyl either gave an oil; this 
solidified on scratching and after crystallising from alcohol was 
identified as 8-benzildioxime OO-dimethyl ether. The observation 
of Auwers and Meyer was thus confirmed. 

Preparation of 8-Benzildioxime—A much more satisfactory 
method of preparing 8-benzildioxime than that described in the 
literature consists in dissolving «-benzildioxime in the minimum of 
freshly distilled boiling aniline; on cooling, 8-benzildioxime con- 
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taining aniline of crystallisation separates. The crystals are sucked 
as dry as possible, washed with dilute hydrochloric acid, which 
removes the aniline of crystallisation, then with water, and crystal- 
lised twice from alcohol, when the pure 8-dioxime is obtained. 
Methylation of 8-Benzildioxime.—B-Benzildioxime was rhethylated 
with methyl sulphate in a similar manner as the «-compound, and 
the oil obtained was extracted with as little ether as possible. The 
extract was washed several times with 0-2N-hydrochloric acid (to 


_ remove a trace of a basic compound which is simultaneously formed), 


dried, and saturated with dry hydrogen chloride; an oily hydro- 
chloride then separated. The ether was decanted and light petro- 
leum added. The additional hydrochloride thus obtained was 
added to the previous material and the whole was washed twice 
with small quantities of ether; the washings were added to the 
main bulk of the ether solution (B). The hydrochloride was decom- 
posed with concentrated aqueous ammonia. The oil thus obtained 
was washed with water by decantation and left in an evacuated 
desiccator over solid sodium hydroxide. It slowly became very 
viscous, and after treatment with ligroin and 10 minutes’ scratching 
it became pasty and finally solid (m. p. 88—89°). The ligroin 
washings, when allowed partly to evaporate at room temperature, 
deposited crystals (m. p. 88—90°). The solid (m. p. 83—89°) was 
heated with ligroin until it was on the point of melting, and the 
solution was then decanted and inoculated with a crystal of the 
above solid (m. p. 88—90°). This treatment was repeated with 
the residual semi-solid material until only a small quantity of dark 
oil remained. The extracts deposited an oil which solidified on 
keeping over-night. Fine needles projected from the solidified oil, 
and these melted at 90-—-92° and seemed to be identical with the 
compound, m. p. 88—89°, described by Auwers and Meyer. On 
keeping for some time, however, they became opaque and then 
melted at 102—103°. The solidified oil on crystallisation from 
ligroin gave the same product, m. p. 102—103°, which was 8-benzil- 
dioxime NO-dimethyl ether (Found: MeO, 10:3. Calc., 1MeO, 
11-6%). Methylamine was detected as before in the hydriodic 
acid from the methoxyl determination. When 6-benzildioxime 
NO-dimethyl ether was heated with concentrated hydrochloric 
acid for 4 hour under reflux, and the mixture was cooled, diluted, 
and extracted with chloroform, an oil was obtained which partly 
solidified on cooling in ice and scratching. The solid, after purifi- 
cation, was found to be y-benzilmonoxime O-methyl ether. 

The ether-light petroleum solution (B) was evaporated at 
room temperature, and the solid obtained, after being freed from 
oil, was crystallised four times from alcohol; (-benzildioxime 
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OO-di-methyl ether was thus obtained, m. p. 72—73° (Found : MeO, 
21-4. Calc., 2MeO, 23:19%). No methylamine was detected in the 
hydriodic acid residues. Methylation with methyl iodide and 
sodium methoxide as described by Auwers and Meyer gave the 
NO-dimethyl ether and the OO-dimethyl] ether as above. 

Methylation of y-Benzldioxime.—The y-dioxime was suspended 
in sodium hydroxide (15 g. in 100 c.c.), and methyl alcohol (5 c.c.) | 
added, followed by methyl sulphate (21 g.) in small portions with 
cooling. ‘The oil which separated was removed with ether, and 
the extract was washed with 0-2N-hydrochloric acid and treated 
with excess of light petroleum, which precipitated an oil (C). The 
mother-liquor was evaporated, the oil taken up with a little ether, 
and light petroleum again added; an oil (D) was precipitated. 
On decanting the solution and evaporating, an oil was obtained 
which solidified on keeping in an evacuated desiccator for some 
days. ‘This solid, after crystallising twice from methyl alcohol, was 
found to be y-benzilmonoxime O-nfethyl ether. The oil (C), on 
keeping in an evacuated desiccator for some time, partly solidified. 
It was then pressed on a porous tile, and the yellow solid crystallised 
from ligroin and from acetone and water, when benzil was obtained. 
The oil (D), on keeping, deposited crystals of y-benzilmonoxime 
O-methyl ether, but all attempts to obtain a solid from the remain- 
ing oil were unsuccessful. The formation of benzil and y-benzil- 
-monoxime O-methyl ether suggests that NN- and NO-dimethyl 
ethers of y-benzildioxime are formed, but are very readily hydro- 
lysed. y-Benzildioxime was boiled in ether with methyl iodide 
and dry silver oxide, and the solution was extracted with 
2N-sodium hydroxide to remove unchanged oxime and evaporated. 
On keeping, the oil obtained deposited a few crystals (m. p. 145— 
157°), insufficient for further purification. All attempts to obtain 
a solid from the rest of the oil were unsuccessful. 

Attempts to Prepare «-Benzilmonoxime N-Methyl Ether and 
b-Benzildioxime NN-Dimethyl Ether.—«-Benzilmonoxime was treated 
with methyl sulphate and with methyl iodide without other addition 
and also in ether with diazomethane. The dry sodium salt of 
«-benzilmonoxime was boiled with ether and methyl iodide, and 
benzil was treated with 8-methylhydroxylamine under various con- 
ditions. None of these methods met with success. Attempts were 
also made to methylate B-benzildioxime with methyl sulphate and 
with methyl iodide without other addition, and in dry acetone 
solution, but no change was observed. 
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CCCXCIX.—Studies of Dynamic Isomerism. Part XX. 
Amphoteric Solvents as Catalysts for the Mutarota- 
tion of the Sugars. | 


By Tuomas Martin Lowry and Irvine Jonn FAau.KNEr. 


1. In the preceding paper of this series (this vol., p. 1385), evidence 
was adduced to show that the mutarotation of the sugars is not 
_ due to a mere spontaneous tautomeric change, involving only the 
molecules of the sugar itself, but to a molecular rearrangement in 
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which other constituents of the solution also play an essential 
part. Of the constituents which interact catalytically with the 
sugar to bring about this rearrangement, water is the most im- 
portant, since it was already obvious in 1904, from Irvine’s work 
on the methylated sugars, that the mutarotation is retarded enorm- 
ously, and in some cases may be almost stopped, by working in 
non-aqueous solvents. The opinion was therefore expressed (J., 
85, 1566) that all the data then available could be interpreted by 
attributing the mutarotation to a process of “ hydrocatalysis ” of 
the sugar. 


At that time, only one assertion could be made in reference to 
5 E* 
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the mechanism of this hydrocatalysis, namely, that, since glucose 
hydrate exhibits just the same mutarotation as glucose itself, the 
change of structure which causes the changes of rotatory power 
could not take place during the initial hydration of the sugar, 
but must occur at some subsequent stage, ¢.g., by a molecular 
rearrangement or isomeric change in the hydrated sugar. A 
further consideration of the mechanism of mutarotation (this vol., 
p. 1371), especially in comparison with the mechanism of hydrolysis, 
led, however, to a much more definite suggestion, namely, that 
water probably acted as a catalyst for mutarotation in virtue of 
the fact that it possesses both acidic and basic properties, and 
that, in general, the essential condition for the mutarotation of 
a sugar is that the solvent should possess amphoteric properties. 
This conclusion has the advantage of providing an explanation 
of the well-known fact that acids and bases produce even higher 
velocities of mutarotation than water alone, and of the further 
fact (which was discovered in the course of our own experiments) 
that pyridine, whiéh is a powerful catalyst in the presence of water, 
is not a catalyst at all for the mutarotation of tetramethyl glucose 
when used. in the absence of water. 

2. The experiments described in the present paper had their 
origin in the conception of the mechanism of mutarotation which 
is outlined above. The most important results of the experiments 
are to show : 


(i) That pyridine, which is inactive when dry, gives, when 
mixed with about twice its weight of water, a ‘maximum 
velocity of mutarotation which is about twenty times as 
great as the velocity for solutions of the same sugars (glucose 
and tetramethyl glucose) in pure water. 


(ii) That cresol, like pyridine, has no appreciable catalytic 


properties when water is not present, showing that acids and 
bases may alike be rendered ineffective if used in the absence 
of water. 

(iii) That mixtures of cresol and pyridine, each sufficiently 
dry to give only a negligible velocity of mutarotation, when 
mixed in the proportion of about 2 parts of cresol to 1 part 
of pyridine, are again about twenty times as active as water 
in promoting the mutarotation of tetramethyl glucose. 


It is, of course, possible to argue that perfectly dry pyridine 
and perfectly dry cresol would be incapable of producing muta- 
rotation; but this criticism, even if it could be vindicated by 
experiments on the effect of extreme drying, would not affect 


the present discussion, since it is clear that a mixture of pyridine 


| 


| 
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and cresol is able to do what neither solvent can do by itself, namely, 
to give a velocity of mutarotation which is far greater than in a 
solvent containing 100% of water. In other words, if a trace of 
water is essential (as it may be even in order to enable the acid 
and base to interact to form an unstable salt),* the intense activity 
of the mixed solvent is due to its pronounced amphoteric character, 
and not to a direct catalytic action upon the sugar of any minute 
trace of water which it may contain. 

3. It is interesting to notice the theoretical conclusions which 
follow from the experimental facts thus established, namely, (i) that 
(just as in the case of nitrocamphor) it is impossible for a proton to 
wander directly from one position to another within the molecule 
of the sugar, and (ii) that in order to effect this transfer, it is neces- 
sary to provide a medium into which a proton can escape from 
the sugar, and from which a proton can be provided to replace 
the proton thus lost by the sugar. 

These conclusions are supported by the fact that the only sub- 
stances which are now known to act as catalysts for the muta- 
rotation of the sugars are those which possess either acidic or 
basic properties, or both. Oxygenated solvents such as acetone 
and ethyl acetate, even when used in presence of water, retard 
rather than accelerate the mutarotation; and even their “ polar ”’ 
character and relatively high dielectric constants do not enable 
them to develop any catalytic activity. The mechanism of muta- 
rotation suggested above, which involves an interchange of protons 
between the sugar and the medium (just as in the interaction of 
an acid and a base) appears therefore to be the only one which is 
in accord with the experimental facts, and no alternative mechanism 
is yet known which can replace it. 


EXPERIMENTAL. 

4. The sugars were the same samples as those used in Part XIX. 
The solvents used were as follows: (i) Air-free distilled water. 
(ii) Pyridine (B.D.H. ‘“‘ Extra Pure”) shaken twice with quick- 
lime for 24 hours and distilled, twice shaken with barium oxide 
and twice fractionated, giving about 800 c.c. boiling from 114-8° 
to 115-2° (corr.) from about 1 litre. The sample gave a residual 
velocity of mutarotation of tetramethyl glucose not greater than 
0-0004 in minute-units. (iii) o-Cresol (B.D.H., “for cineol-deter- 
minations ’’) from a sealed flask was distilled immediately before 
use; when liquefied by the addition of a little benzene, and used 

* The melting-point curve for pyridine (m. p. —41°) and o-cresol (m. p. 
30°) rises to a maximum at +1°, in an equimolecular mixture of the acid 
and base (Bramley, J., 1916, 109, 476). 


~~ 
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as a solvent for tetramethyl glucose, it gave an arrest of muta- 
rotation during a period of 6 hours, followed by a slow change 
with a velocity coefficient of about 0-0005. m-Cresol (B.D.H., 
specially prepared) was redistilled and gave a velocity coefficient 
of 0:0003 only. 

5. Mutarotation-curves were plotted as follows: One gram of 
sugar was weighed out in a 20 c.c. flask, and the mixed solvent, 
previously made up by weight in another vessel, was added at 
zero time. The solution was transferred quickly to an air-dried 
polarimeter tube (2 dem.), and readings were taken as soon as 
possible, namely, about 2 minutes from zero time in the case of 
water and pyridine, but about 5 minutes in the case of solutions 
rich in cresol, which were much more viscous. 

6. The experimental results are summarised in Tables I, I, 


TABLE I. TABLE II. TaBLe ITI. 


Mutarotation of Tetra- 
methyl Glucose in Mutarotation of Tetra- 


Mutarotation of Glucose in mixtures of Pyrid- methyl Glucose in 
mixtures of Pyridine and ine and Water at mixtures of Cresol 
Water at 20°. 20°. and Pyridine at 20°. 
% HO. k* % H,0. k. % Cresol. k. 

100 = 0-015 100 = 0-0128 100 ¢ 0:0003 
95 0-140 97-5 0-099 99 { 0-027 
90 0:258 + 95 0-177 97-5¢ 0-060 
85 0-274 92:5 0-219 95 { 0-082 
80 0:282, 0:272, 0-269, 90 0-264, 0-261 92-5 Mutarotation 
- 0-258 85 0:272, 0-254 to too rapid for 
70 0:225, 0-277, 0:288 80 0-267, 0-273 55-0 measurement. 
65 0-210 75 0-300 52-5 0-180 
60 0-190 70 0-817, 0-238 49-9 0-148 
50 =: 0-221, 0-236 60 0-318, 0-291 40:4 0-067 
40 0-166, 0-168 50 = 0-251 21-1 00-0168 
30 =—0-106, 0°100 40 0-203, 0-179 1-62 0-0013 
20 0-046 30 = 0-108 0 0:0003 
10 =0-012 20 =0-040, 0-042 
0 0-0008 10 =0-0088 
0 0:0003 


* k= 1/t. {log (a) — a.) — log (a — a,,)}. In calculating this coefficient 
the time was always expressed in minutes. 

+ Values shown in italics correspond with a half-change period of less than 
3 minutes and are not regarded as trustworthy. 


t+ m-Cresol was used for these four solutions, as o-cresol is solid at these 


concentrations. 


and III, and are represented graphically in Figs. 1 and 2. The 
individual readings have not been reproduced. A complete muta- 
rotation-curve is therefore represented by a single monomolecular 
coefficient § in the tables, and by a single point on the curves. 


§ The evidence for the monomolecular character of the curves will be dis- 


cussed later in another paper. | 
| 


\ 
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Even under the most favourable conditions, the fastest muta- 
rotations for which fairly trustworthy data can be given correspond 
with a velocity coefficient of less than 0-2, since this velocity 
coefficient already corresponds with a half-change period of only 
2-3 minutes. Values greater than this are therefore shown in 
italics in the tables and are indicated only by a dotted line in 
Figs. 1 and 2. In the case of glucose, the mixtures which gave 
the highest velocities also gave cloudy solutions, which were difficult 
to read; but the general course of the curve can be inferred fairly 


accurately from the velocity coefficients for stronger and weaker 


solutions, for which much more concordant values were obtained. 
The mixtures rich in cresol suffered from the two-fold disadvantage 
that they were very viscous and showed only a relatively small 
change of rotatory power; the velocity—concentration curve for 
pyridine—cresol mixtures therefore includes a longer dotted section 
than the two curves for mixtures of pyridine and water. 


We desire to thank the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (I. J. F.) during the ~ 
period in which this research was carried out. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, November 2nd, 1925.] 


CCCC.—Reactions of Organic Thiosulphates. 
By Henry Bett Footner and Samurt Smizezs. 


ABUNDANT evidence is available showing the instability of the 
disulphoxides, which are to be regarded as containing the thiol- 
sulphonate structure -S*SO,- (this vol., p. 224), and the ease 
with which their sulphur chain may be ruptured. To ascertain 
whether this type of reaction is exhibited by the thiosulphonate 
group under other structural conditions, the organic sodium thio- 
sulphates, which, owing to the work of Price and Twiss (J., 1907, 


_ 91, 2021), may be confidently assumed to have the thiol-sulphate 


structure, RS:SO,;ONa, have been examined. In aqueous sgolu- 
tion, these substances are very readily decomposed by sodium 
mercaptides and by alkali cyanide. The former reagent quickly 


_ yields at the ordinary temperature sodium sulphite and an in- 


soluble product composed of a disulphide or a mixture of disulphides, 

according to the mercaptide used, , 
RS-SO3;Na + NaSR’ = RS-SR’ + Na,SO,. 

When R and R’ are the same, this product is homogeneous 

and consists of a symmetrical disulphide, but when they are 
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dissimilar it is in most cases a mixture of the two possible 
symmetrical disulphides; only in a few instances has the un- 
symmetrical disulphide been isolated. This behaviour is closely 
parallel to that of the disulphoxides (J., 1924, 125, 176), 
RS:SO,R + R’SNa = RS:SR’ + RSO,Na, 

and the ferrantineh of the mixture of ayiniieintenl disulphides is 
adequately explained by the secondary reaction of the mercaptide 
with disulphide (Lecher, Ber., 1920, 53, 591) : 


RS:SR’ + NaSR == RS-SR + R’SNa. 


The organic thiosulphates are also quickly decomposed by aqueous 
alkali cyanide, more than 90% reacting thus : 


RS°SO,Na + NaCN = RSCN + Na,SO,. 


The products are almost pure and, the yields being excellent, the 
method is well adapted to the preparation of thiocyanates when 
the corresponding thiosulphates are available. According to un- 
published experiments, the disulphoxides behave in a similar 
manner, ) 

RS:SO,R + NaCN = ied: Na + RSCN, 
but are much less eae 

The interaction of mercaptans and di-p-toluenesulphony] sulphide 

(Tréger, J. pr. Chem., 1899, 60, 117) has also been examined with 
similar results, 
(C,H,"SO,),8 + 2RSNa —.C,H,SO,"SNa + C,H,SO,Na + (RS)o, 
the sulphur chain being ruptured with formation of sulphinate 
and thiosulphonate together with the disulphide Spt dati to 
the mercaptan used. 

According, then, to these experiments and others previously 
made with disulphoxides, the characteristic reactions of the thiol- 
sulphone group in substances of the type RS-SO,°X are mainly 
due to instability of the dithio-system; this group is readily split 
by alkali mercaptides and with varying ease by other reagents, 
the activity depending on the character of the group X. 

Experiments have also been made with the polythionates. 
Sodium dithionate is not attacked by alkali mercaptides, but the 
tri- and tetra-thionates are rapidly decomposed, the disulphide 
being formed in both cases. The trithionate is resolved into 
sulphite and thiosulphate, and the tetrathionate into thiosulphate. 
The completed reactions, 

Na,S$30, -+ 2RSNa = (RS), + Na,SO, + Na,S,0, 
Na,§,0, -+- 2RSNa = (RS), + 2Na,S,Oz, 
may be regarded as analogous to the reduction of these substances 
by sodium amalgam. Strictly quantitative measurements have not 
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been made, but more than 90% of the materials undergo the reactions 
indicated. Whilst the constitution of the polythionates is undeter- 
mined nothing further can be said of the nature of these reactions 
but, bearing in mind the known behaviour of mercaptides with 
the dithio and thiolsulphone systems, the processes are, in the 
authors’ opinion, adequately explained by the structures proposed 
by Mendeléev for the polythionates. In this connexion, the close 
resemblance of the behaviour of the trithionate to that of ditoluene- 
sulphony! sulphide is significant. 


EXPERIMENTAL, — 

Reaction of Organic Thiosulphates with Sodiwm Mercaptides.— 
The benzyl and p-nitrobenzyl thiosulphates used were prepared 
by Price and Twiss’s method (loc. cit.) and the 9-anthryl thio- 
sulphate by Friedlinder’s (Ber., 1922, 55, 3969). The sodium 
mercaptide (1 mol.) and the thiosulphate (1 mol.) reacted rapidly 
in aqueous solution at the ordinary temperature. After } hour, 
the solution was neutral and contained sulphite with at the most 
only traces of sulphate. The yield of the precipitated disulphides 
generally exceeded 95%. The results from six of the cases examined 
are in the following table : 


Mercaptan. Thiosulphate. Products. 

Benzyl. Benzyl. Benzyl] disulphide, 99%. 

2-Nitrophenyl. Benzyl. Benzyl 2-nitrophenyl disulphide, 
99%. 

9-Anthryl. ‘ Benzyl. Han eee dibenzyl, and anthryl 
benzyl! disulphides. 

2-Nitrophenyl. 4-Nitrobenzyl. 2-Nitrophenyl and 4-nitrobenzyl di- 
sulphides. 

2:5-Dichlorophenyl. 9-Anthryl. Dianthryl and _ tetrachlorodiphenyl 
disulphides. 

2-Nitrophenyl. 9-Anthryl. 2-Nitrophenyl and = anthryl  di- 
sulphides. 


The symmetrical disulphides named have been previously de: 
seribed. 

Benzyl 2-nitrophenyl disulphide separated from alcohol in yellow 
needles, m. p. 54° (Found : N, 5-4; S, 23:3. C,3H,,0,NS, requires 
N, 5-05; S, 23-19%). The melting point of an equimolecular 
mixture of the two symmetrical disulphides was lowered by 
admixture with this substance. 

Benzyl 9-anthryl disulphide was isolated from warm alcohol in 
yellow prisms, m. p. 128°. When it was mixed with equimolar 
proportions of dibenzyl and dianthryl disulphides its melting 
point was lowered (Found: C, 75:5; H, 4:4; 8, 19:5, Co, Higds 
requires C, 75-9; H, 4-8; S, 19-3%). 

Reaction of Organic Thiosulphates with Alkali Cyanide.—On 
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mixing aqueous solutions of potassium cyanide and the thio- 
sulphate (equal mols.) reaction quickly ensued. It was completed 
by keeping the mixture for various periods, generally 4 hour, or 
was assisted by maintaining the temperature at about 30°. The 
yield of thiocyanate, which separated practically pure in most 
cases, was almost quantitative and a corresponding amount of 
sulphite was found in the aqueous liquor. In this way, the following 
thiocyanates were isolated. 

Benzyl thiocyanate, m. p. 41° (Found: N, 9-7; 8, 21-3. Cale., 
Np Oia iy Leb). 

2-Nitrobenzyl thiocyanate, m. p. 71° (Found: N, 14-7. Cale., 
N, 144%). Cassira (Ber., 1892, 25, 3028) gives the m. p. of this 
substance as 75°. 

4-Nitrobenzyl thiocyanate, colourless prisms, m. p. 79°, from 
warm alcohol (Found: N, 14:1; 8S, 16-4. C,H,O,N.S requires 
N, 14:4; S, 16-5%). 

9-Anthryl thiocyanate, pale yellow needles, m. p. 181°, from 
hot alcohol (Found: N, 6-4; 8, 13-4. C,;H,NS requires N, 6:5; 
S, 13-6%). 

Reaction of Di-p-toluenesulphonyl Sulphide with Mercaptans.— 
An alcoholic solution of the mercaptide (2 mols.) and the sulphide . 
(1 mol.) containing 5 g. in 100—150 c.c. was warmed on the water- 
bath and the solvent was then evaporated, water being added 
towards the completion of the process. The insoluble product, 
in all the cases examined, was the disulphide corresponding to 
the mercaptan taken. The solution, containing sulphinate and 
thiosulphonate, was acidified and gently warmed to decompose 
the latter; after the addition of aqueous sodium carbonate the 
coagulated sulphur was collected, and the filtrate again rendered 
acid. ‘The liberated sulphinic acid was in each case p-toluene- 
sulphinic acid. 

The disulphides obtained in this way from 2 : 5-dichloropheny], 
6-methoxy-m-tolyl, and 3-chloro-6-methoxyphenyl mercaptans were 
identified by comparison with authentic samples from other sources. 

Reaction of Sodium Tetrathionate with Mercaptides——A typical 
experiment was as follows. A solution of 5 g. (2 mols.) of 6-methoxy- 
m-tolyl mercaptan in a small volume of alcohol was exactly neutral- 
ised with aqueous sodium hydroxide and added to a stirred solution 
of 7-5 g. (1 mol.) of sodium tetrathionate in 200 c.c. of water. The 
disulphide separated at once, but the mixture was kept for an 
hour before the solid was collected. The filtrate contained thio- 
sulphate but no sulphite. Determinations of the iodine value 
were made and the roughly quantitative data obtained agreed 
well with the equation previously given; e.g. (a) 6-methoxy- 
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m-tolyl mercaptan: I value, 92%; disulphide, 97% of theory, 
(0) 3-chloro-6-methoxyphenyl mercaptan: I value, 95%; di- 
sulphide, 95%, (c) 2: 5-dichlorophenyl mercaptan: I value, 98% ; 
disulphide, 99%. 

Reaction of Sodium Trithionate with M ercaptans.—The method 
of experiment was the same as the preceding. With benzyl, 
6-methoxy-m-tolyl, and 2: 5-dichlorophenyl mercaptans, the di- 
sulphides were isolated in 99—100% of the yields required by the 
_ equation previously given, whilst the approximate iodine values of 
the filtrates were about 90%. Estimation of the sulphite in the 
case of 6-methoxy-m-tolyl mercaptan showed 99—100% of the 
theoretical amount of this salt to be present in the aqueous liquor. 


We desire to thank the Department of Scientific and Industrial 
Research for a grant which enabled one of us to take part in this 
work. 


Kine’s Contnear, Lonpon. [Received, November 3rd, 1925.] 


CCCCI.—Observations on the Claisen Reaction. 
By Gitpert T. Morgan and Evsssius Hormss. 


Untit recently the condensation of the higher methyl monoketones 
with esters under the influence of sodium had only been investigated 
up to the homologues containing the radicals n-hexyl and n-nonyl. 
The present investigation was undertaken to find out where, and 
if possible why, the reaction stopped when applied to methyl] 
ketones containing also one of the higher alkyl radicals. 

The nomenclature throughout this paper is based on the following 
condensation with ethyl acetate : 


CrHon+1*CO°CH, —> C,H n,.,*CO-CH,CO:CH,. 


It is shown that, under the conditions stated, the reaction proceeds 
quite normally from x» =7 to n=19, a satisfactory yield of 
1: 3-diketone being obtained in every case. 

The general method of procedure has been to convert the cor- 
responding fatty acid into its barium salt and to distil this with 
three molecular proportions of anhydrous barium acetate in a 
specially constructed flat vacuum pan (Morgan and Holmes, J. 
Soc. Chem. Ind., 1925, 44, 1087). The crude product was purified 
and subjected to the Claisen condensation with sodium and ethyl 
acetate, the sodium salt of the enolic form of the 8-diketone being 
treated with acetic acid and the liberated diketone precipitated 
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and purified as its co-ordinated copper derivative. The acids 
CnHon+1'CO,H, where n = 10, 12, 14, 18, were obtained by oxidising 
the methyl ketone from the next higher naturally occurring acid, 
to give acetic acid and the required acid, from which mixture the 
latter was isolated as its relatively insoluble barium salt. 

The copper salts of the §-diketones are blue, as are the lower 
members of the series, but the colour becomes less pronounced as 
the homologous series is ascended. The diketones from » = 7 
to 19 have been obtained as solids at the ordinary temperature, 
whilst the monoketones from ” = 10 upwards are colourless solids 
with progressively higher melting points. 

Since this work originally arose out of the researches on cyclic 
tellurium compounds of bactericidal potency, it is of interest to 
note that Mr. C. J. A. Taylor (this vol., p. 2615) has found it possible 
to prepare cyclotelluropentanedione dichlorides reducible to bacteri- 
cidal cyclotelluropentanediones in the case of the following diketones, 
all of which are described in the present paper: n-octoylacetone, _ 
n-nonoylacetone and n-duodecoylacetone (lauroylacetone). These 
are the only ones so far condensed with tellurium tetrachloride, 
but it appears probable that the whole of the series would give 
similar results. 


EXPERIMENTAL. 

In the case of the lower members of the series, 7 = 9 and below, 
the procedure was as described below in the case of n-octoylacetone. 
For the higher members, three to nine mols. of the ester were 
employed, no preliminary cooling being necessary. After heating 
under reflux for from 4 to 5 hours, the mixture was poured on to 
ice as before. 

The mixtures were then neutralised with acetic acid, and satur- 
ated cupric acetate was run in. In most cases, the copper salts 
of the diketones were precipitated at once, but for the higher 
ones, 2 = 15 and upwards, it was found necessary to add alcohol 
to bring the reagents together. 

The free diketones were obtained by treating the copper salts 
with dilute sulphuric acid in the presence of ether, which was 
subsequently removed. The lower diketones were purified by 
vacuum distillation, the higher ones by crystallisation from alcohol. 

n-Octoylacetone.—n-Heptyl methyl ketone (35 g.), obtained by 
the dry distillation of barium n-octoate with barium acetate (3 
mols.), was added to ethyl acetate (2-5 mols.), the mixture cooled 
to 0°, and sodium (1 atom.) added in the form of thin slices. After 
12 hours, the mixture was heated under reflux for 3 hours, allowed 
to cool, and poured on to ice. The liquid was then made very 
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slightly acid with dilute acetic acid, and the oily layer of liberated 
diketone precipitated with a saturated solution of cupric acetate. 
After being stirred at intervals for + hour, the precipitate was 
collected and washed with a little water and cold alcohol. A 
yield of 26 g. represented 47:8%. Two subsequent batches gave 
yields of 41-0 and 48-6%, respectively. 

Crystallised successively from alcohol and benzene, the copper 
salt was obtained in pale blue needles and melted at 118°. 

The salt (0-5 g.) was shaken with a few c.c. of dilute sulphuric 
acid in the presence of a little ether. The acid layer was separ- 
ated, and a water washing of the ether layer added. The copper 
was precipitated by means of caustic potash, and weighed as the 
oxide (Found: Cu, 14-6; C, 61-6; H, 8-85. C,.H,,.0,Cu requires 
Cu, 14:8; C, 61-45; H, 88°). 

The n-octoylacetone recovered from the copper salt had the 
characteristic odour of the 8-diketones of this series, and boiled at 
248°/755 mm. and 118°/5 mm. 

n-Nonoylacetone.—A quantity of the corresponding ketone from 
a reputed pure specimen of barium pelargonate (23 g.) was added 
to 37 g. of pure dry ethyl acetate, and 3-8 g. of sodium were added 
to the cooled mixture. The copper salt of a diketone was obtained 
by the general method and weighed 26-3 g., a yield of 68-8%. 
Recrystallised from benzene, it melted at 107°, and was of the 
expected pale blue colour (Found: Cu, 13-9. C,,H4,0,Cu requires 
Cu, 13-9%). 

Since the above melting point was not in accord with those of 
the other members of the series, and, furthermore, other dis- 
crepancies arose when the diketone was condensed with tellurium 
tetrachloride, another specimen of pelargonic acid was obtained 
and the reactions were repeated. Again the copper salt of a diketone 
was obtained, purified, and analysed (Found:: Cu, 13-75; © 
63:05; H, 9-4. Theory requires Cu, 13-9; CO, 62-9; HO 2m 

This specimen melted at 115-5°, a value bringing it in line with 
its homologues. It appears probable that the earlier specimen of 
acid contained an acid isomeric with pelargonic acid but having a 
branched chain remote from the carboxyl group. 

The n-nonoylacetone recovered from the copper salt boiled at 
150°/15 mm. 

n-Decoylacetone.—This diketone has been described (Morgan and 
Holmes, J., 1924, 125, 760; J. Pharm. Soc., June 14, 1924). 

n-Undecoylacetone.—n-Decyl methyl ketone, obtained from the 
corresponding undecoic acid, which was itself prepared by the 
ketone and acidified dichromate degradation of lauric acid, 
was condensed with sodium and ethyl acetate (6 mols.). The 
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yield of copper salt was 3:9 g. (70%). After crystallisation from 
benzene the salt melted at 112° (Found: Cu, 12-4; C, 65-6; H, 
10-0. CygH.90,Cu requires Cu, 12-4; C, 65-4; H, 9-7%). 

The free diketone was obtained as a colourless solid melting at 
28°. 

n-Duodecoylacetone (Lauroylacetone).—Three separate batches of 
the monoketone obtained from lauric acid were condensed with 3, 
6, and 9 molecular proportions of ethyl acetate, respectively, the 
period of refluxing being extended to 4 hours. The yields of 
copper diketone from 5 g. of ketone were 2°6 g., 3-45 g. (50:2%), 
and 3-40 g., respectively. It appears that the optimum yield of 
rather more than 50°% was reached by using 6—8 molecular pro- 
portions of ester in the condensation. The pure salt melted at 
112-5° (Found: Cu, 11:7; C, 66:6; H, 10-3. Cj 9H,;,0,Cu requires 
Gu; Ib-73 (0966-559: H 10096): 

The free diketone was a colourless solid of melting point 31—32”°. 

n-T'ridecoylacetone.—Myristic acid was converted into the barium 
salt and dry-distilled with barium acetate. The resulting methyl 
ketone was then oxidised with acid sodium dichromate to give 
the next lower acid, which, on subsequent distillation of its barium 
salt, gave the duodecyl methyl ketone. This (5 g.) was condensed 
with ester to give 3-7 g. of the copper diketone, a yield of 54%. 
The pure salt melted at 111° (Found: Cu, 11-2. C,,H;,0,Cu 
requires Cu, 11:2%). 

The pure diketone obtained from the copper derivative was a 
colourless solid melting at 35°. It had scarcely any odour and 
gave the red ferric coloration with alcoholic ferric chloride only on 
warming (Found: ©, 75:4; H, 11-7. C,,H 90, requires C, 75-6; 
H, 11-8%). 

n-T'etradecoylacetone (Myristoylacetone)—Five g. of the ketone 
obtained from myristic acid were subjected to the Claisen reaction, 
giving 3-42 g. of copper salt (yield 52°) which, after crystallisation 
from alcohol and from benzene, melted at 112° (Found: Cu, 10:5. 
Cs,H..0,Cu requires Cu, 10-6%). 

The free diketone melted at 39° (Found: C, 76:1; H, 12:3. 
C,,H,,.0, requires C,'76-1; H; 11:9%). 

n-Pentadecoylacetone.—n-Tetradecyl methyl ketone was prepared 
from palmitic acid by the general degradation process. Condensed 
with ethyl acetate, it gave 2-25 g. of the copper diketone, a yield 
of 35%. The purified salt melted at 111° (Found: Cu, 10-5. 
C3,H,,0,Cu requires Cu, 10-2%%). 

The colourless diketone melted at 42° (Found: C, 76:4; H, 
12-0. C, ,H.,0,. requires C, 76-6; H, 12-1%). 

n-Hexadecoylacetone (Palmitoylacetone).—n-Pentadecyl methyl — 
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ketone (5 g.) obtained from palmitic acid was condensed with 
ethyl acetate (7 mols.) by the general method, the time of refluxing 
being raised to 5 hours. The copper salt (yield 2:2 g.; 34%) 
after purification melted at 112° (Found: Cu, 9-6. C,H. 0,Cu 
requires Cu, 9-7%). 

The decomposition of the copper salt by dilute sulphuric acid 
in presence of ether took an excessive time. Accordingly, in this 
case and in the case of all the higher members of the series, the 
copper derivative was suspended in water, an equal volume of 
concentrated acid added, and the mixture allowed to cool before 
being extracted with ether. 

The free diketone crystallised from alcohol in colourless plates, 
m. p. 49° (Found: OC, 76-8; H, 12-3. C,,H;,0, requires C, 77:0; 
H, 12-2%). 

n-Heptadecoylacetone (Margaroylacetone)—The condensation of 
the ketone (5 g.) obtained from margaric acid was carried out with 
3, 6, and 9 mols. of ester, respectively, the time of refluxing being 
5 hours. The yields of copper salt were 0:35 g., 1:7 g. (27%), and 
1-4 g., and of recovered ketone, 4:0 g., 2-5 g., and 2-9 g., respectively. 
In each case, a small amount of copper margarate was produced. 
The copper salt of the diketone was washed with cold ether. The 
unchanged ketone was then separated from the copper margarate 
in the washings by acidification, treatment with barium acetate, 
and filtration of the insoluble barium salt. 

The pure copper salt melted at 112° (Found: Cu, 9-3. CgH,,0,Cu 
requires Cu, 9:3°%), and the free diketone at 51° (Found: C, 77:3; 
H, 12-3. C,,H,,0, requires C, 77-4; H, 12-3%). 

n-Cctadecoylacetone (Stearoylacetone).—In a repetition of previous 
work, 10 g. of n-heptadecyl methyl ketone were condensed with 
ethyl acetate (35 mols.) and sodium, and 0-75 g. of copper diketone 
was obtained on adding cupric acetate and alcohol to the reaction 
mixture (yield 6%). With 8 mols. of ester, 6-9 g. of copper salt 
were obtained (yield 55%). No diketone copper salt was ever 
obtained until alcohol was added to the reaction mixture, this 
accounting for some of the earlier negative results. The purified 
salt melted at 113° (Found: Cu, 9-0. C,,H,,.0,Cu requires Cu, 
9-0%). 

The free diketone crystallised from alcohol in colourless plates, 
m. p. 52-5°, and gave a red coloration with alcoholic ferric chloride 
on warming (Found: ©, 77-5; H, 12-4. ©,,H, 0, requires C, 
717-8; HH, 12-35%). 

n-Nonadecoylacetone.—n-Octadecyl methyl ketone was obtained 
from the Cy) acid by the general degradation process. Condensing 
with ethyl acetate gave a 32% yield of a copper diketone, some 
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unchanged ketone being recovered. The pure salt, crystallised 
from benzene, melted at 112-5° (Found: Cu, 8-6. C,,H,.0,Cu 
requires Cu, 8-6%). 

The recovered diketone consisted of thin plates, m. p. 55° (Found : 
C, 77-9; H, 12-5. C,.H,.O, requires C, 78-1; H, 12-4%). 

n-Licosanoylacetone.—Potassium erucate was fused with caustic 
potash, giving acetic acid and the normal C,, acid, eicosanic acid. 
After purification, this was converted into its barium salt, which 
was then distilled with barium 
acetate. The n-nonadecyl methyl 
ketone obtained was condensed 


Fig. 1. 
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260 
manner to give the corresponding 


copper derivative, 5 g. yielding 
1-75 g. (28-4%). Crystallised from 
benzene, the salt melted at 114° 
(Found: Cu, 8-15. C,,H,.0,Cu 
requires Cu, 8:3%). 

The free diketone melted at 57° 
(Found). C,(J8455ea Ay dee 
Co5H,,0, requires: C, 78:4; H, 
12-5%). 

In the diagram, curve I shows 
a noteworthy change in the fusi- 
bility of copper @-diketones with 
lengthening of the carbon chain. 
Curves II and III indicate the 
boiling points of the lower diketones and the melting points 
of the higher diketones, respectively. 
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CCCCII.—The Relation of Homogeneous to Catalysed 
Reactions. The Catalytic Decomposition of Hydro- 
gen Lodide on the Surface of Platinum. 


By Cyrin Norman Hinspenwoop and Ropert Emmerr Burk. 


THE results of several previous investigations (this vol., pp. 327, 
1105, 1552; Proc. Roy. Soc., 1925, A, 108, 211) have rendered 


with ethyl acetate in the general - 


— 
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probable the conclusion that simple gaseous decompositions, which 
as homogeneous reactions are bimolecular, become unimolecular 
when they take place in contact with the surface of a solid catalyst. 
Thus, for example, the thermal decomposition of nitrous oxide, 
2N,0 = 2N, + Oy, as an uncatalysed reaction depends upon the 
collision of two molecules, but the reaction which takes place upon 
the surface of gold appears to be simply N,O = N, + O, followed 
by the combination of atomic oxygen to the molecular form. The 

decompositions of nitrous oxide on the surface of platinum, and 
_ of ammonia on the surface of platinum have also been shown. to 
be unimolecular. 

It is not always possible to decide from measurements of reaction 
rate whether a catalytic reaction is unimolecular or bimolecular. 
If the active surface of the catalyst is completely covered with 
adsorbed molecules—‘ saturated ’—then the reaction rate is inde- 
pendent of the pressure of the gas. The reaction appears to be of 
“zero order.’ When, on the other hand, the adsorption is small, 
the chance of a group of m molecules occupying positions on the 
surface near enough for interaction to be possible is proportional 
to the nth power of the total number adsorbed, and this in turn 
to the nth power of the pressure of the gas. The ‘ order’ of the 
reaction obtained from kinetic measurements gives under these 
conditions the number of molecules actually participating in the 
decomposition. An intermediate condition is possible, when the 
adsorption is neither very large nor quite small, where a bimole- 
cular reaction might simulate a unimolecular reaction over a small 
range of pressure. But if the reaction order appeared to be unity 
by a coincidence of this kind, it would vary very markedly both with 
pressure and with temperature, as may easily be seen. This state 
of affairs would readily be detected, and the results discounted, 
so that in general we may say that unless the reaction order is 
zero it gives the number of molecules participating in the 
change. 

The decomposition of ammonia on tungsten, and of hydrogen 
iodide on gold are both approximately of order zero; consequently 
we cannot conclude how many molecules are involved. The 
homogeneous decomposition of hydrogen iodide is one of the best 
known bimolecular reactions. We were anxious therefore to find 
a catalyst at the surface of which the true order of the hetero- 
geneous reaction could be found. Platinum fulfils these con- 
ditions. The reaction takes place in the simple unimolecular 
manner, HI = H+ J, followed by the combination of atomic 
hydrogen and iodine to form molecules. 

This illustrates once more the fundamental importance in hetero- 
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geneous catalysis of the affinity which metal surfaces possess for 
free atoms. 

Method of Experiment.—The hydrogen iodide was prepared by 
the action of phosphoric acid on potassium iodide and purified 
by fractional distillation from liquid air, the middle fraction being 
collected in evacuated blackened glass holders. 

The decomposition was allowed to take place at the surface 
of a heated platinum wire and measured exactly as described for 
the corresponding experiments with a gold wire (this vol., p. 1552). 
The reaction vessel was kept in ice. Since the iodine condensed, 
the reaction 2HI = H, + I, is attended by a decrease in pressure 
which allows the rate to be measured by simple manometric means. 

That the action of the platinum wire was ‘catalytic,’ and 
that the wire was not attacked by the iodine was shown by the 
fact that the theoretical change in pressure was observed after 
complete decomposition, and by the fact that the resistance of 
the wire remained absolutely unchanged during the whole series 
of experiments. Its catalytic activity, moreover, remained steady. 
The mercury in the manometer was protected from the action of 
the hydrogen iodide by a buffer of hydrogen in the capillary tube 
leading to the decomposition bulb. 

Influence of the Pressure of the Hydrogen Iodide——Three typical 
experiments showing the course of the reaction at different tem- 
peratures will first be recorded: ¢ is the time in seconds, x the 
percentage change, and & the unimolecular velocity coefficient. 


670° 563°. 439° 

200 Mm. HI 200 Mm. HI 200 Mm. HI 

100 Mm. H,. 100 Mm. H, 100 Mm. H, 
t. Cooke x 04: ‘. x. kx 104. t. zw. & x 104 
100 dpe 24-9 120 12 10:6 600 13 2-32 
200 4] 26-4 300 a7 10-3 1200 26 2-50 
300 56 27-4 600 47 10-6 1800 38 2-65 
400 64 25-6 900 61 10-5 2400 45 2-49 
500 Ta 25-5 1200 71 10:4 3300 55 2-42 
600 76 24-0 1500 78 10-1 4200 63-5 2°40 


6000 74-5 2-28 


The influence of the pressure of the hydrogen iodide is shown 
by the following values found at 563°. 100 Mm. of hydrogen were 
present in each experiment. 


; 100 200 300 
HS ALP HAASE Dip: uae a tlic 0-00118 0:00105 0:00095 


The values of & are sufficiently independent of pressure to show 
that the reaction is unimolecular. The slight dropping off was — 
traced to the circumstance that hydrogen has a small but definite — 
retarding effect on the reaction. When the initial pressure of 


RELATION OF HOMOGENEOUS TO CATALYSED REACTIONS. 2899 


hydrogen iodide is great, the pressure of hydrogen at every stage 
of the reaction is greater than when the initial pressure of hydrogen 
iodide is small. The slight falling off in rate due to the adsorption 
of hydrogen by the wire is shown by the following table. 200 Mm. 
of hydrogen iodide were used in each experiment. 


Press. of H, (mm.) ......... 0 100 200 
KH (QVELAZC) — ..sscacscccescenes 0-00126 0-00105 0-00092 


The Influence of Temperature.—This is shown in the following 
table. The values of k are those corresponding to a hydrogen 
pressure of 100 mm. 


Be falsy ess oki. 943° 836° 712° 
BR AA oie MG de Sd, 0-00268 0-00105 0-000244 
EY YN Ree i aaa 13,700 13,85 


Mechanism of the Reaction—We suggest the simplest possible 
interpretation of the results, namely, that the reaction at the 
surface of the platinum is the simple change HI=H-+I. The 
apparently unimolecular course could be explained in another 
way by assuming that there existed one complete layer of hydrogen 
iodide molecules on the surface of the catalyst and that reaction 
took place when a molecule from the gas phase struck one of the 
molecules in this layer. There are, however, several vital objec- 
tions to this. First, there is abundant evidence to show that 
where two molecules interact in heterogeneous reactions they 
must in general both be actually adsorbed. This is shown by 
the fact that in reactions where A and B interact excess of either 
A or B can actually retard the reaction by displacing the other 
from the surface. Secondly, if there is a complete layer there is 
no reason why the molecules in it should not react among them- 
selves instead of waiting for impacts from the gas phase. Thirdly, 
if the heterogeneous reaction depended upon impacts from the gas 
phase, the rate could never become independent of pressure as it 
does when it takes place at the surface of gold. 

Attention may be directed to one further point of interest which 
emerges from these experiments. The retarding effect of hydrogen 
on the reaction is but slight. When the catalytic decomposition 
of ammonia was investigated on the same wire—and actually at a 
higher temperature—it was found to be retarded in a most pro- 
nounced manner by hydrogen. It cannot be argued that hydrogen 
iodide is too strongly adsorbed to be displaced by hydrogen whilst 
ammonia is easily displaceable, because the course of a unimole- 
cular reaction can be revealed only when the adsorption is small. 
Hence we must conclude once more that different reactions are 
provoked at different points (‘active centres’) on the catalytic 
surface. 
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Summary. | 

In continuation of a general investigation of the influence of 
catalytic surfaces on reactions which in the homogeneous gas 
phase are bimolecular, it has been shown that the thermal decom- 
position of hydrogen iodide in contact with platinum is kinetically 
unimolecular. Reasons are given for believing that this proves 
the decomposition to take place in the simple manner HI = H + I. 

PaysicaL CHEMISTRY LABORATORY, 


BaLLiot CoLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, November 6th, 1925. | 


CCCCIII.—Oxidation of Ethyl Ether to Oxahe Acid in 
Presence of Uranyl Nitrate. 


By Sypney WriiLt1am Roweti and ALEXANDER SMITH RUSSELL. 


WHEN uranyl] nitrate dissolved in ether is exposed to sunlight in 
presence of water a yellow precipitate sometimes forms in the 
aqueous layer, especially after the solution has been standing in 
the light for some days; at other times, a black, slimy mass forms 
in the aqueous layer. These compounds are the subject of the 
present investigation. There is only one reference in the literature 
to the composition of the yellow compound (Soddy, “ Chemistry 
of the Radioelements,”’ 1911, p. 32). Soddy found that a yellow 
powder of empirical formula UCH,O, remained after distilling the 
ether from an ethereal solution of uranyl nitrate. On decomposition, 
this compound formed a basic carbonate which lost carbon dioxide 
and water at 200—300°. 


EXPERIMENTAL, 

Preparation of the Yellow Compound.—In a typical experiment, a 
mixture of 60 g. of ethyl ether, 60 g. of uranyl nitrate and 20—60 
g. of water, after being shaken until the nitrate dissolved, was 
exposed to bright sunlight for periods up to 24 hours. The ether 
was then removed by distillation at as low a temperature as possible, 
and the aqueous solution evaporated. On cooling, there separated 
a yellow compound mixed with uranyl nitrate which was freed 
from the latter by washing with cold water, in which the former 
was comparatively insoluble. The yield was poor and rarely 
exceeded 12 g. The yellow compound was found to be identical 
in properties with the normal hydrated oxalate of uranium, 
U0,C,0,,2H,O (Found: .U,',60-53\'C,0,, 22°25 (HgO,9:7 20 Oaks 
Hy, 1-2. Cale., U; 60°4; ©,0,; 22:3; HO, 9:15 0) Gee 


———————— 
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Uranium was determined gravimetrically as U,Ox, and oxalate 
volumetrically. 

Formation of a New Basic Oxalate of Uranium.—In a few of the 
above experiments the compound which resulted appeared different 
from the normal oxalate; it had a lighter yellow colour. It gave the 
usual reactions of an oxalate (Found : Uj 68-03> CO; 209): 
The basic oxalates which correspond with the normal oxalates 
would be U(OH),,U0,C,0,,2H,O and U0,(OH),,U0,C,0,,2H,0, 
depending whether the uranium in the hydroxide is quadri- or 
sexa-valent. The former of these contains U, 68-0; C,0,, 12:6% 
and the latter U, 68-2; C,0,, 12-6%. Either of these might be the 
compound analysed above. Since the compound U(OH), is stabler 
than UO,(OH),, we are inclined to prefer the first formula. It 
may be written UCH,O,, which is identical with that of 
Soddy’s product. The formula of the other product, so written, 
differs, however, only by a single hydrogen atom. ‘There is no 
doubt that a basic oxalate is formed by the interaction of uranyl 
nitrate and ether in the presence of sunlight and it is probable that 
Soddy’s product was this oxalate. 

Formation of Uranous Hydroxide—We find that when urany! 
nitrate in solution in ether is neutralised so that a precipitate is 
just not formed and exposed to sunlight for periods of a few hours, 
there settles from solution a black or greenish-black, slimy preci- 
pitate which accompanies the basic and normal oxalates. It is not 
formed in solutions of uranyl nitrate containing free nitric acid. 
It resembles the product obtained by adding ammonia to a solution 
of a uranous salt, namely U(OH),, and this composition was con- 
firmed by analysis (Found: U, 78-0. Calc., U, 77 ‘8% ). These 
observations are in agreement with the work of Aloy and Rodier 
(Bull. Soc. chim., 1920, 27, 101; 1922, 34, 246), and of Aloy and 
Valdiguié (ibid., 1925, 37, 1135), who found that in neutral solution 
uranium salts on exposure to sunlight in the presence of certain 
organic compounds yield a black or a violet precipitate, the former 
being uranous hydroxide and the latter of composition U,0,,2H,0, 
through partial reduction of the uranyl salt. It is evident from 
these results that the composition of these lower oxides, like that 
of the oxalates, varies with the conditions in which they are formed. 

Suggested Mechanism of the Reaction.—In the absence of sunlight, 
none of the products described above is formed. Kixposure to 
sunlight is therefore essential to the reactions. The oxalates 
formed are not oxidation products of an impurity in the ether, for 
the most carefully purified ether gave the oxalate, and addition of 
alcohol, the most likely impurity, did not increase the yield. More- 
over, no oxalate resulted when alcohol replaced ether in the solution 
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of uranyl nitrate, although we found, as Aloy and his co-workers 
did, that it favours the formation of a hydroxide of uranium in neutral 
solution. No oxalate was obtained when other urany] salts replaced 
the nitrate. Ebelman (Ann. Chim. Phys., 1842, 5, 198) first pointed 
out that solutions of the uranyl salts of strong acids were changed 
by sunlight in presence of an oxidisable compound, acquiring a 


green colour which we now know to be due to uranous salts, and 


this work has been greatly extended by Aloy and co-workers (loc. cit.). 
On their view, if A be an acceptor of oxygen, e.g., alcohol, and uranyl 
nitrate the salt considered, the reaction proceeds in sunlight as 
UO,(NO,), + 2HNO, + A = U(NO,), + H,O + AO in presence of 
a sufficiency of nitric acid. If sufficient acid be not present, it is 
to be expected that some uranous hydroxide would be formed, and 
this is what we have found. When ether is the acceptor, it is 
oxidised finally, we find, to oxalic acid. In presence of uranyl ion 
and free nitric acid, this would be expected to form the normal 


oxalate as it does; in presence of insufficient acid, a mixture of the . 


normal oxalate and uranous hydroxide or a compound of these 
would be expected to form. We find the latter. 

The manner of oxidation of ether to oxalic acid has not been 
previously considered in the literature. We suggest the following. 
Ether is oxidised to diglycol when the uranyl is reduced to the 
uranous ion by sunlight. Part of the diglycol is oxidised by nitric 
acid to diglycollic acid and part hydrolysed to glycol, which is then 
further oxidised by nitric acid to oxalic acid, thus: 


bea diglycollic acid. 


Ether —> diglycol mide 


> glycol —> oxalic acid. 


It is, of course, known that diglycol is oxidised by nitric acid 
partly to oxalic acid but mostly to diglycollic acid. It has not yet 
been possible to test this scheme by showing the presence of either 
diglycol or diglycollic acid. 


A generous grant from the Caird Fund of the British Association 
provided the materials of this research. 


Dr. LEn’s LABORATORY, 
CHrIst CHURCH, OxFORD. [ Received, November 23rd, 1925.] 
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CCCCIV.—Polymerisation of B-Glucosan. The Cons- 
titution of Synthetic Dextrins. 


By JAMES CoLquHowun IrvinE and Joun Water Hype OLDHAM. 


ONE method of approach to the constitutional problems of the 
polysaccharides is through the study of anhydro-hexoses, and the 
_ discovery by Pictet and his collaborators that $-glucosan can be 
_ prepared conveniently by the dry distillation of starch acquires 
a special importance in this connexion. 1 : 6-Anhydroglucose has 
in this way been rendered available in quantity and its properties 
have been examined in detail by Pictet and others. One of the 
most striking of the new observations is that the compound is 
readily polymerised, the reaction n(C,H,)0;) —>(CgH,9O;)n pro- 
ceeding readily when £-glucosan is heated, either alone or in the 
presence of catalysts. Thus, when fused with platinum black, 
glucosan is converted into an amorphous powder, to which the 
formula (C,H,,0;), applies, and this displays the general properties 
of a dextrin, yielding glucose on hydrolysis (Pictet, Helv. Chim. 
Acta, 1918, 1, 226). Pictet, finding platinum black uncertain in 
its action, improved the method by using zinc chloride as a catalyst 
(tbid., 1921, 4, 788) and he also varied the procedure by con- 
ducting the polymerisation under both reduced and increased 
pressure. Four definite compounds were obtained under these 
conditions : 


Polymeride. [a],- Pressure. 
DW LARSEN fakc toa che oes ie wes bes vero 9 + 28-2° 15 mm. 
2s) Lontaghwcosmm ) Sil ie. +111-9° 1 atmos. 
Die PAROS TUICOPAR 9 Pipe seit iis vie s0's + 94-1° 46 ,, 
PUN MCEADISOORR ES oe a2). ws aah Cece cates + 72-8° be By ear 


Although there seems no theoretical limit to the number or variety 
of possible polymerides, the above list includes only compounds 
in which glucosan molecules may be regarded as having become 
associated in multiples of two. The mode of attachment of the 
parent molecules has hitherto, save in one case, remained obscure, 
but Pictet has recorded the abnormality that the polymerides yield 
only diacetates or dibenzoates in place of the tri-derivatives to be 
expected. 

By arrangement with Professor Pictet, we have been engaged 
on the constitutional study of the polyglucosans and take this 
opportunity of expressing our thanks for his courteous permission 
to extend his work. The completion of the investigation, which 
was commenced four years ago, has been delayed in consequence 
of the complexity of the results, and, in the meantime, Pringsheim 
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has described the application of the methylation process to tetra- 
glucosan (Ber., 1922, 55, 3001). No difficulty was apparently 
experienced by him in obtaining complete alkylation and, on 
hydrolysis of the product, both tetramethyl and dimethyl glucose 
were obtained. This is a striking result, but, as shown by Pring- 
sheim, it is in itself insufficient to discriminate between two 
alternative structures for tetraglucosan. | 

In order to obtain an adequate view of the mechanism of the 
polymerisation of glucosan, it is necessary to study the constitution 
of a variety of polymerides displaying a progressive increase in 
molecular complexity, and this we have accomplished. In repeat- 
ing Pictet’s experiments little success was attained in using platinum 
black as a catalyst and, after numerous attempts to find a superior 
reagent, we adopted the method of heating glucosan at 250° in 
the presence of zinc dust. The polymerisation was conducted in 
a vacuum, the residual air having been washed out with hydrogen 
and, under these conditions, the change took place without charring 
or alteration in weight.* As the zinc dust employed contained a 
trace of chloride, it is possible that the latter is the functional 
catalyst, as we find that zinc chloride exercises a powerful poly- 
merising effect on glucosan and its derivatives, the reaction in 
some instances being violent. For many reasons we prefer the 
use of metallic zinc, and, although polymerides differing from those 
described by Pictet are produced, we have continued to employ 
the process, as it proved satisfactory for large-scale working and 
gave uniform results. It may be remarked, however, that the 
relative yield of the different dextrins is affected, not only by the 
catalyst, but also by the temperature, by the duration of heating, 
and by the scale of working. — 

In order to obtain polymerides of high molecular weight, it is 
unnecessary in our experience to work under positive pressures, 
and all our preparations were carried out at 15 mm. By means 
of fractional precipitation from aqueous solution the polymerides 
were separated into three main fractions, which, in order of increas- 
ing solubility, showed the following progressive diminution in 


* It may be mentioned that glucosan is much less stable at high tem- 
peratures, particularly in the presence of acids, than the method of preparing 
the compound would suggest. Nevertheless Venn (J. Text. Ind., 1924, 1dr, 
414), having found that the yield of glucosan from cellulose is greatest when 
the acidity of the distillate is lowest, states that this result is opposed to our 
views as to the origin of the hexosan. It would have been surprising if any 
other result had been obtained and Venn’s observation, which amounts to 
no more than the statement that the best yields of glucosan are obtained 
under the most favourable experimental conditions, has no bearing on the 
mechanism of the reactions in which glucosan is formed. 
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specific rotation. Dextrin I + 83:9°; Dextrin II + 60-7°; Dex- 
trin III + 29-9°. In marked distinction to the products described 
by Pictet, all the dextrins yielded a definite triacetate, and the 
presence of three hydroxyl groups per C, unit was confirmed by 
methylation. The convenient solubilities of these trimethyl 
dextrins rendered possible the determination of their molecular 
weights in benzene solution and, in this way, the parent compounds 
were characterised as containing respectively seven, four, and 
three glucosan units. 


Methylated product. Mol. wt. (found). Mol. wt. (calc.). Parent compound. 


Trimethyl Dextrin I 1446 1428 Heptaglucosan 
<n 35 II 874 816 Tetraglucosan 
si és Tit 595 612 Triglucosan 


This does not exhaust the list of polyglucosans, as we have also 
obtained other isomerides, and it is evident that both odd and 
even numbers of glucosan molecules are capable of forming poly- 
merides. Further, it is clear that the tetraglucosan examined 
in the course of the present investigation is different from that 
described by Pictet and subsequently examined by Pringsheim. 
The distinction is shown in the specific rotations of the compounds, 
in the m. p. of the triacetates prepared from them and, most 
emphatically, in the different behaviour of their methylated deriv- 
atives on hydrolysis. 

The methylated dextrins, which may now be termed hepta-, 
tetra-, and tri- (trimethyl glucosan), respectively, were examined so 
as to give an insight into the mode of attachment of the constituent 
hexose chains, the information being derived by identifying the 
methylated glucoses formed on hydrolysing each compound. In 
order to indicate the significance of these results, it may be recalled 
that, although it is customary to distribute the hydroxyl groups 
equally among the C, units of a polysaccharide or allied compound, 
this allocation is based on an assumption and should be subjected 
to experimental test in each case. Thus, cellulose and hexa-amylose 
(Irvine, Pringsheim, and Macdonald, J., 1924, 125, 942), which 
are isomeric with the dextrins now under consideration, give tri- 
methyl] derivatives and these, in turn, yield on hydrolysis 2 : 3 : 6-tri- 
methyl glucose and no other sugar. It follows that the hydroxyl 
groups in the parent compounds are uniformly distributed, 7.e., 
each C, unit carries three hydroxyls arranged in the same positions. 
Were this not the case, isomeric trimethyl glucoses would be 
formed or, alternatively, a mixture of methylated sugars, such as 
tetramethyl and dimethyl glucoses, giving the same average 
composition. 

In marked contrast to natural polysaccharides, the synthetic 


2906 IRVINE AND OLDHAM: POLYMERISATION OF B-GLUCOSAN. 


dextrins afford striking examples of compounds constituted on 
an entirely different model in that the hydroxyl groups are not 
attached uniformly to the individual C, units. We have already 
shown (J., 1921, 119, 1744) that when £-glucosan is subjected to 
consecutive methylation and hydrolysis it gives 2 : 3 : 5-trimethyl 
glucose and, on the basis of analogy, it might reasonably be expected 
that the same end-product would be obtained from a polymerised 
glucosan. Such is not the case. Each trimethyl dextrin was 
converted into the corresponding methylated methylglucosides and 
thereafter into the constituent sugars, but the product, in place of 
being homogeneous, consisted in each case of di-, tri-, and tetra- 
methyl glucose, mixed in proportions which gave the analytical 
figures required for a trimethyl glucose alone. The individual 
sugars were separated and two of them were characterised as 
2:3:5:6-tetramethyl glucose and 2:3: 5-trimethyl glucose, but 
the constitution of the dimethyl sugar is still uncertain and two 
alternatives are possible. Although in this section of our work 
we did not conduct the separation of the above sugars on quantita- 
tive lines, good reasons exist for the belief that hepta-, tetra-, and 
tri-(trimethyl glucosan) all give the same methylated glucoses, as 
the physical constants of each mixture were identical. 

It is necessary to emphasise that the tetramethyl glucose isolated 
in these experiments is a genuine scission product of the methylated 
_dextrins, and does not originate in any molecular cleavage during 

the methylation process. This possibility was carefully excluded, 
and the result in itself disposes of the idea that the polymerisation 
of glucosan is merely the union of intact molecules in pairs. The 
process is evidently complex and consists essentially in the form- 
ation of glucosidoglucosides which show a general structural 
resemblance with the constitutional type ascribed by Hess to 
cellulose. The development of structural formule for the poly- 
glucosans demands, however, a knowledge of the relative propor- 
tions of the different methylated glucoses into which they can be 
transformed. A considerable advance was made by conducting 
all the operations, from the polymerisation of the glucosan to the 
separation of the methylated glucoses finally obtained, on strictly 
quantitative lines. For this purpose large quantities of material 


were required and a substantial simplification was effected by — 


_ methylating the total polymerised product and separating the 
isomerides by vacuum distillation, without isolation of the parent 


compounds. The first fraction consisted of monomeric trimethyl — 


glucosan, whilst the second was a viscous syrup which was shown 
to be di (trimethyl glucosan). The remaining syrup, which con- 
stituted the largest fraction, was practically non-volatile at 200°/0-4 
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mm. and, on cooling, it solidified to a clear red glass. As this 
product contained all polymerides higher than the dimeride, it is 
termed poly (trimethyl glucosan). 

Di(trimethyl glucosan) was converted into the methylglucosides 
of the constituent sugars, the products being formed in the pro- 
portions shown below : 


Yield %. 
Calc. for 
Found. equal mols. 
Dimethy! methylglucoside. 46-6 47-1 


Di(trimethyl glucosan) 44 
Tetramethyl methylglucoside. 53-4 52-9 
These proportions were confirmed from the yields of the corre- 

sponding sugars when, as before, 2:3:5: 6-tetramethyl glucose 

was isolated together with a dimethyl glucose. 

An equally significant result was obtained by similar treatment 
of poly(trimethyl glucosan), three glucosidic products being obtained 
in place of two. 


Yield %. 
Calc. for 
Found. equal mols. 
A Aas eatin’ 6-Tetramethyl 35°5 35°3 
eal methylglucoside. 
Poly(trimethyl glucosan)->2:3: 5-Trimethyl methyl- 33-5 33:3 


x glucoside. 
\ Dimethyl methylglucoside. 26-0 
Monomethyl methylglucoside. 5-0 


As shown by the analytical figures quoted in the experimental 
part, the small amount of monomethyl methylglucoside is attribut- 
able to incomplete methylation and may be added to the yield of 
the higher homologue. 

Discussion is simplified by tabulating the significant facts show- 
ing the mutual relationships between glucosan and the polymerides 
how described. 


31-4 


% Methoxyl 
[a]p of [a]p of Mol. wt. of content 


parent - of derived Methylated sugars 
compound. trimethyl] derivative. glucosides. produced. 
(water) (MeOH) 
3-Glucosan —65:4° —53:2° =.212 (204) 50:9 2:3: 5-Trimethyl glucose. 
{ 2:3:5:6-Tetramethyl 
Diglucosan ... — +48°3 418 (408) 51-2 + glucose. 
| Dimethyl glucose. 
2:3:5: 6-Tetramethyl 
"riglucosan +299 = $528 595 (612) 49:7 glucose. 
aime wes & 7 ‘a4 2:3: 5-Trimethyl glucose, 
Dimethyl] glucose. 
‘etraglucosan +60-7 +68-7 873 (816) 49-6 ap e 
feptaglucosan +85°8 +894 1446 (1428) 50-4 x 45 
‘olyglucosan — — — 50°6 The above tetra-, tri-, and di- 


methyl glucoses in exactly 
molecular proportions. 


Including Pictet’s results, a series of polymerides from mono- 
© octa-glucosan is now complete with the exception of the penta- 
orm. It will be observed from the table that polymerisation 
lters the sign of rotation, which increases, in the dextro sense, 


ith the molecular magnitude, this possibility having been fore- 
VOL. CXXVII. oF 
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seen through our studies of inulin and starch. The optical effect 
of methylation is also consistent with previous experience, but the 
essential fact which emerges from the results given in the table 
is that mono- and di-glucosan are unique members of the series. 
The former gives rise to only one methylated sugar (2:3: 5-tri- 
methyl glucose) and the latter yields a mixture from which trimethyl 
glucose is absent. Thereafter, in the higher polymerides, 2:3: 5-tri- 
methyl glucose is again encountered as an end-product and, in the 
case of the mixed polyglucosans, this sugar is present in equi- — 
molecular proportion with the higher and lower homologues. This 
represents an average result, to which all polymerides higher than 
diglucosan have contributed, and the discussion can therefore be 
focussed on the three types represented by (4) mono-, (b) di-, and 
(c) poly-glucosan. 


Mechanism of the Polymerisation. 

The initial step of the polymerisation can be traced from the 
significant fact that 2:3:5: 6-tetramethyl glucose and a dimethyl 
glucose are invariable products from all the polyglucosans. It 
follows that the first action is the conversion of glucosan into 
glucose, one molecule of which condenses with a second molecule 
of glucosan so that, once the process is initiated, it is catalytically 
continued. The experimental conditions employed in the poly- 
merisation are favourable to this cycle of reactions, and no other 
explanation seems possible. If this be correct, the dimeride should 
differ from the monomeric parent in having the hydroxyl groups 
unequally distributed in the ratio of four in one glucose residue 
to two in the other. The results obtained show that this con- 
sideration applies quantitatively. The precise way in which 
glucose condenses with a molecule of glucosan must nevertheless 
remain unknown until the constitution of the dimethyl glucose 
isolated from diglucosan has been established, and, despite laborious 
investigation, this has not been solved. As shown in the experi- 
mental part, however, the sugar must be either 2: 3- or 2: 5-di- 
methyl glucose and, as the latter alternative is more strongly 
supported, it is provisionally adopted, leading to the following 
structure for diglucosan : : 

Pate. 

Ree 

HOH 


GVH OH fe Orme ean 
O | (H—O—CH-CH(0H)-CH(OH)-CH-CH(OH)-CH,-OH 
OH 


LO B. Glucose residue. 
CH-OH 


A. Glucosan residue. 


2p aaa et 
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Speculation on the next stage of the polymerisation is guided 
by the fact that all polymerides above diglucosan give 2:3: 5-tri- 
methyl glucose. This can originate only from the molecular 
fragment B and not from A as, otherwise, the methylated sugars 
obtained from triglucosan would be two molecules of tetramethyl 
glucose and one molecule of monomethyl glucose. The attach- 
ment of the third glucose residue is thus definitely restricted to 
position 6 of residue B, giving the following constitution for tri- 
glucosan : 


‘eae 

| GH 

| () CH:-OH te Om 3 

O | (H——O—CH-CH(OH)-CH(OH)-CH-CH(OH)-CH, 

4 : 
CH-OH 

L__OH, OH-CH,- CH(OH)\CH-CH(OH)-CH(OH)-CH 

———————————)——___ 


As the yields of methylated sugars from tetra- and hepta-glucosan 
have no quantitative significance, it is inadvisable to discuss the 
further steps involved in the polymerisation, but the examination 
of the mixed polyglucosans contributed valuable information. On 
Occasions, these higher glucosans formed as much as 75°% of the 
total material polymerised, so that they may be regarded as repre- 
sentative of the whole reaction. Inspection of the experimental 
details will show that this material not only gives the three 
methylated sugars required by the above formula, but does so in 
precisely equimolecular proportions. This result has been verified 
on more than one occasion; it cannot be regarded as adventitious 
and it disposes of the possibility that the trimethyl glucose originates 
in a simple polymeride of glucosan in which the molecular con- 
stitution of the parent molecule is preserved. It is, nevertheless, 
conceivable that molecules of monomeric glucosan may become 
associated, either together or with simple polymerides, and the 
existence of such compounds as hepta- and octa-glucosan indicates 
that this should not: be ruled out. Further, the tetraglucosan 
-xamined by Pringsheim yielded no trimethyl glucose, but gave 
tise to the same sugars as we have now shown to originate from 
liglucosan. Taking a general survey of the results, it is clear 
hat the polymerisation involves reactions of two types: one 
nvolving association and the other condensation. For example, 
vhen diglucosan is formed it may either condense with an addi- 
ional molecule of glucosan to give the trimeride which, in turn, 
vy further condensation yields a tetrameride, or alternatively, two 
limeride molecules may become associated to give an ga 

5F 
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different type of tetraglucosan. The inclusion of Pringsheim’s 
results with our own renders this view more than speculative and 
a similar complexity may accompany each stage of the’ poly- 
merisation. Our results do not provide conclusive evidence on 
this point and reveal only the primary nature of the polymeris- 
ation. It is of special interest to note that two-thirds of the 
triglucosan formula consists of a residue present in the accepted 


formula for maltose, a remarkable similarity in structure con- — 


sidering the drastic conditions employed in the preparation of the 
trimeride. ‘Triglucosan may, in fact, be regarded as glucosan 
maltoside. Further, the @-configuration of the parent glucosan is 
preserved in the higher polymerides, despite the pronounced changes 
in rotation which accompany their formation. 

The view now put forward demands that the condensation type 
of polymerisation is dependent on the presence of free hydroxyl 
groups, and is supported by the fact that trimethyl glucosan 
was recovered unchanged when heated with zine dust in an ex- 
hausted sealed tube at 250° for 10 hours. Under similar conditions 
the use of zinc chloride as a catalyst resulted in profound decom- 
position, but, on limiting the reaction to 3 hours at 160°, the 
rotation altered from levo to dextro owing to conversion of the 
glucosan into trimethyl glucosidotrimethyl glucose. 


Applicability of the Methylation Process to the Structural Problems 
of Carbohydrates. 

The criticism has been put forward that our method of deter- 
mining the structure of carbohydrates, although diagnostic in the 
case of simple sugars, may not be applicable to the ~ closed-chain 
structures’ represented by polysaccharides and similar compounds. 
It is difficult, in view of the mass of consistent results obtained with 
many types of non-reducing carbohydrates, to find any justification 


for this objection; but as at present much reliance is placed on 


the validity of the methylation process as a means of determining 


constitution, the occasion is opportune to take into account the 


essential requirements of the method. 


The principles developed in this laboratory can be applied to 


the structural problems of carbohydrates, provided the following 
primary conditions are satisfied: (1) that methylation does not 
alter the configuration of a sugar; (2) that methylation does not 
disturb the positions in which sugar residues are attached to each 


other, or to other groups; and (3) that, under the conditions © 


employed in methylation and in hydrolysis, non-glucosidic methoxyl 
groups do not migrate from one position to another in a sugar 
chain. In default of direct experimental evidence to the contrary, 


a0) q 
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and in view of the following observations, it may be claimed that 
the above requirements are satisfied. According to circumstances, 
the methylation of carbohydrates, as practised by us, is effected 
either by the silver oxide reaction or by the methyl sulphate method, 
used independently or in succession. It has been adequately 
proved that these alternative methods, when applied to the same 
compounds, give the same methylated sugars, the only distinction 
being that the alkaline reagent acts upon reducing sugars to give 


_a larger excess of the corresponding £-glucoside. Configuration is 


therefore affected, but only so far as the reducing group is con- 
cerned. The one aspect of configuration, however, which is utilised 
in our deductions is that of the non-reducing groups, and it has 
long been known that the silver oxide reaction yields derivatives 
which retain the configuration of the parent compound. The 
conversion of d-dimethoxysuccinic acid into d-tartaric acid (Purdie 
and Barbour, J., 1901, 79, 972) is a convincing, but by no means 
unique, example of this regularity. In addition, mono-, di-, tri-, 
and tetra-methyl glucose, all of which were prepared by the silver 
oxide reaction, have been demethylated and converted into glucose 
phenylosazone showing the correct optical activity. 

That the second and third requirements of the method are 
fulfilled is shown in numerous ways. For example, Haworth and 
Leitch subjected maltose and cellobiose to identically the same 
methylating treatment, yet isolated isomeric trimethyl glucoses in 
the two investigations. This result cannot be reconciled with the 
idea that molecular linkages are altered by methylation or that the 
methyl groups fail to retain their positions. The evidence is equally 
clear in the case of the more unstable types of carbohydrate deriv- 
atives such as y-glucosides and the existence of isomeric tetramethyl] 
glucoses and of the corresponding tetramethyl fructoses, which 
reflect accurately the essential properties of the compounds from 
which they are derived, may be quoted in illustration. In this 
connexion, it is important to note that with the exception of the 
glucosidic alkyl group (which, in any case, is not concerned with 


our structural studies) the stability towards acids and alkalis of 
the methyl groups in a sugar chain is remarkable. Concentrated 
sodium hydroxide at the boiling point has no effect on a fully 


“methylated hexose and, in our experience, the elimination of the 


methyl groups from an alkylated reducing sugar has been accom- 
plished only by such processes as boiling with concentrated hydriodic 
acid, heating under pressure with glacial acetic acid saturated with 
hydrogen bromide, or, in one example,* by prolonged action with 


* This result, which is unpublished, was obtained with a dimethyl galactose 
which yielded a monomethyl galactosazone. A similar irregularity is reported 
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the phenylosazone reagents. This stability is far removed from 
that encountered in cases where methyl groups have been shown 
to migrate or to enter an irregular position (see Kubota and Perkin, 
this vol., p. 1889). 

It is possible that the frequency with which 2: 3: 6-trimethyl 
glucose has been obtained from different polysaccharides may have 


suggested the idea that the reagents had converted definitely 


isomeric compounds into a common form so that the same sugar 
would inevitably be produced in all cases. The results of the 
present investigation go far to refute this remote possibility. The 
only practical distinction between the alkylation of a polysaccharide 
and that of a simple sugar is that, owing to solubility difficulties 
and to steric hindrance, it is necessary in the former case to use 
the methyl sulphate method throughout and to repeat the methy]l- 
ation many times. This treatment may conceivably affect the 
degree of polymerisation of a compound, but as the discussion 
does not involve this point it may be focussed on the question if 
the repeated use of the alkaline reagent gives results divergent 
from those obtained by restricted treatment with silver oxide and 
methyl iodide. For this purpose, we have selected @-glucosan as a 
test substance and, after ten methylations by means of methyl 
sulphate, obtained a normal yield of the same crystalline trimethyl 
glucosan formerly prepared by the alternative method (Irvine and 
Oldham, loc. cit.). On extending the process until a total of twenty 
treatments had been given, the same product was again obtained. 
The result shows that even when the methyl sulphate process is 
repeated as often as in the case of cellulose, starch, and glycogen, 
the methyl groups enter the same positions in glucosan as they do 
when the silver oxide reaction is used only once, and, further, 


by Freudenberg and Hixon (Ber., 1923, 56, 211%) and confirmed by Levene 
and Meyer (J. Biol. Chem., 1924, 59, i, 145), who found that a mono- 
methyl! mannosediacetone was completely hydrolysed by treatment with 
very dilute acid, a property which indicates that the compound was a y-methyl- 
mannoside diacetone. Should this prove to be the case, rearrangement may 
have taken place between a methyl group and an isopropylidene group 
during either methylation or hydrolysis. Numerous examples are now known 
of the reversible displacement of 7sopropylidene and methyl, but the reaction 
proceeds in acid solution, whereas Freudenberg’s process does not admit of 
this condition. Apparently the configuration of mannose is conducive to 
irregular results. It may be recalled (Irvine and Paterson, J., 1914, 105, 
915) that one hydroxyl group in mannitol resists methylation completely and 
that, when methylglucosamine (a-amino-methylmannoside) is acted upon by 
dilute nitrous acid, not only is the amino-group removed, but the methyl 
group, which is otherwise remarkably stable, also is eliminated. In con- 


sequence, the alkylated mannoses have not been applied by us to structural 


studies. 
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that alkyl groups show no tendency to migrate to the 2 : 3 : 6-posi- 
tions. The dextrins described in the present paper were also 
subjected to repeated methylation, yet the sugar finally obtained 
consisted exclusively of 2:3: 5-trimethyl glucose and no trace of 
the 2: 3 : 6-isomeride was detected. Precisely the converse applies 
when cellulose is subjected to parallel treatment, as 2:3: 6-tri- 
methyl glucose alone constitutes the final product. It is difficult 
to imagine that these sharply differentiated results, obtained under 


duplicate conditions, are due to the vagaries of the reagents rather 


than to inherent structural differences in the parent compounds. 
Clearly, however, the silver oxide reaction when applied to 
polymerides tends to lower the degree of polymerisation, as indi- 
cated by a change in solubility and an alteration of the rotatory 
power in the direction of that of the parent unit. This phenomenon 
has already been encountered in the investigation of methylated 
inulin and has again been observed when, for comparative purposes, 
the mixture of higher polyglucosans was subjected to this reaction. 


EXPERIMENTAL. 

Polymerisation of §-Glucosan.—As the polymerisation of 8- 
glucosan gives rise to a variety of isomerides, it is necessary to 
specify accurately the experimental method adopted in preparing 
the polymerides now described. In the first series of preparations, 
small quantities (7 g.) of glucosan were used in each experiment and 
this weight of material, together with 0-1 g. of zinc dust, was intro- 
duced into a 300 c.c. distilling flask, the neck of which was sealed 
by a cork carrying a manometer. To the side limb a T-tube was 
attached, provided on one branch with a tap (A) leading to the 
water pump and, on the other, with two taps (B and C). These 
were placed closely together so that the enclosed volume was small, 
C being connected to a supply of pure dry hydrogen. The flask, 
which with the exception of the side fittings was immersed in an 
asbestos air-bath provided with windows, was exhausted, and the 
residual air washed out with hydrogen. After again evacuating, the 
temperature of the bath was raised to 250°, the tap A being closed 
when the glucosan began to melt, as otherwise the compound 
volatilised unchanged. After about 15 minutes the melt became 
viscous and, as frothing ensued, the tap A was opened at intervals. 
In approximately 30 minutes from the start of the reaction, the 
frothing usually became most severe and it was then necessary to 
close A and ©, and open B momentarily. A bubble of hydrogen 
was thus introduced which served to break the film of glucosan, and 
thereafter both C and A were rapidly opened and closed. In from 
60 to 75 minutes from the time the glucosan was thoroughly melted, 
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frothing became sluggish and, unless A remained open for a con- 
siderable time, ceased entirely. At this stage, heating was stopped 
and the flask allowed to cool, the vacuum being maintained. No loss 
of weight was recorded under the above conditions and no charring 
took place. 


Direct Isolation of Polyglucosans. 


The product of several preparations was extracted with the . 
minimum quantity of hot water and, on the addition of rectified 
spirit to the united solutions, a dark-coloured precipitate was 
formed. This was removed and absolute alcohol added to the 
filtrate. The dextrin then separated as a fine powder except in 
cases where too much water was present, when a sticky precipitate 
was produced. In such an event the liquid was decanted, the 
residue dissolved in a small quantity of warm water and, after 
removal of the solvent, dried at 100°/15 mm.; the product could 
then be readily powdered. The less-soluble dextrin obtained as 
above is referred to as “‘ Dextrin I.’’. The mother-liquor which had 
deposited Dextrin I was concentrated and the addition of alcohol 
repeated until no further precipitate was formed. In this way the 
-material was separated into two further portions (Dextrins II and 
IIT), each fraction being relegated to its class on the basis of sol- 
ubility and specific rotation. 

Kxzamination of Dextrin I. Heptaglucosan.—The material was 
redissolved in hot water and boiled with charcoal, a treatment which 
removed colouring matter and also diminished the yield considerably. 
Finally, the compound was precipitated with alcohol and dried in a 
vacuum. Dextrin I was thus obtained as a slightly hygroscopic 
powder which, although perfectly white, gave a pale yellow solution 
in water. Analysis of different preparations gave C, 44:5, 44-45; 
H, 6-4, 6-2; ash, 0-266 (C,H,.0, requires C, 44-4; 4H, 6-2%). 
Dextrin I is insoluble in organic solvents, with the exception of 
acetic acid, but is freely soluble in water, giving a non-reducing 
dextrorotatory solution. [«]p + 83-9° for c = 2-08. This value 
was obtained in different preparations and when a specimen of the 
material was fractionally precipitated with alcohol the most active 
fraction showed [«]p + 85:8°, thus indicating the uniformity of the 
compound. Despite this observation and the fact.that dextrin I 
was afterwards shown to be heptaglucosan, the application of 
Karrer’s method of determining the molecular magnitude of 
polymerised units by analysis of the sodium hydroxide compounds 
gave inconclusive results which lay between those required for 
(CgH 1905), and (CgH4905)4. 

For analytical and reference purposes the triacetate was prepared 
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by boiling the dextrin, until dissolved, with excess of acetic anhydride 
containing zine chloride. The product was isolated by precipitation 
with water, washing with ether and solution in a large excess of hot 
absolute alcohol, from which it separated as a fine, white powder. 
After three such treatments, the m. p. was constant (142°) (Found : 

740-95; H, 56; CH,-CO,H, 65-6. C; 2H ,0g requires C, 50-0; 

H, 5-55; CH,°CO,H, 62: 5%). The tridceiated is insoluble in water, 
cold dhabtute alébhob or ether, soluble in other organic solvents 


including aqueous alcohol. [«]p in 50° alcohol + 85-1° for 


== 2-2315. 

When heated for 2 hours at 70° in methyl alcohol which was 
nearly saturated with hydrogen chloride, the dextrin was com- 
pletely converted into methylglucoside. Initially excess of 86- 
methylglucoside was formed, but, on continuing the reaction for 
23 hours, the equilibrium mixture was obtained, from which pure 
«-methylglucoside was isolated in the usual manner (m. p. 164°; 
OMe, 15:1%; [«]p in water + 158-4°). 

Examination of Dextrin II. Tetraglucosan.—This substanoe” was 
produced in greatest yield when the polymerisation of 8-glucosan 
was carried out in quantities of 20 g. at a time, a 600 c.c. flask being 
employed. The subsequent procedure was as described, and after 
removal of dextrin I, the more soluble products were fractionally 
precipitated with alcohol. Fractions showing similar rotatory 
power were mixed and again precipitated so that, by prolonged 
repetition of this process, the total product was ultimately separated 
into two portions which could not be further sub-divided. These 
showed, respectively, [«]) + 60-7° and + 29-9° in aqueous solution 
and are indexed as dextrin II and dextrin III. Both substances 
were fine, white, hygroscopic powders and had the same com- 
position as the parent glucosan. Dextrin II, when acetylated as 
already described, gave the same triacetate as dextrin I (Found : 
-,, 00-2; H; 56: CH,°CO,H, 63:6%). The specific rotation and 
melting point also agreed within experimental error, and, on 
hydrolysing the acetate with sodium hydroxide, dextrin I was 
regenerated (Found: C, 44-5; H, 6-1; [a]p + 81-5° for c = 2-14 in 
water. Dextrin I requires C, 44:4; H, 6-2%; [a]p + 83-9° for 
c = 2-08). 

Dextrin II was readily converted into methylglucoside. The 
solid was covered with methyl alcohol, and hydrogen chloride 
passed in from time to time until the dextrin dissolved, after which 
the solution was diluted with more alcohol and heated at 70°, 
polarimetric readings being taken every 15 minutes. In one hour 
the constant value [«]p + 94:5° (calc. on the weight of glucoside’ 


formed) was reached and the product was then isolated as usual. 
5 ¥* 
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A crystalline mixture of «- and B-methylglucosides was thus obtained 
from which the pure «-form was separated by crystallisation from 
alcohol (Found: m. p. 165—166°; [«]p + 157-:2°; OMe, 15-6. 
a-Methylglucoside requires m. p. 165—166°; [«]p + 157-5°; OMe, 
15-9%). 

When the above reaction was conducted at 50°, in place 
of 70°, and was arrested after 45 minutes, 6-methylglucoside was 
the chief product and the «-form was present only to the extent 
of 20%. | 

Examination of Dextrin III. Triglucosan.—In all respects, save 
solubility and specific rotation, dextrin III resembled dextrin II. 
Like the latter, it yielded apparently the same triacetate as dextrin I 
(Found: C, 50:1; H, 5-6; CH,°CO,H, 62:3%). The specific 
rotation in aqueous alcohol was, however, -++ 74:2° in place of 78-9°, 
but this discrepancy appears to be due to a trace of impurity, as, 
on treatment with sodium hydroxide, dextrin I was regenerated. 
Dextrin III was also converted into methylglucoside in the usual 
way. The total crystalline product isolated showed [«]p + 92-9° 
for c = 1 in methyl alcohol, and gave OMe, 15-39%. On cerystallis- 
ation from absolute alcohol, pure «-methylglucoside displaying the 
standard constants was obtained. In this case also, when the 
reaction was restricted to heating at 50° for 1 hour, §-methyl- 
glucoside was the chief product. 


Methylation of the Individual Dextrins. 

As the methods adopted for the methylations have been described 
in previous papers from this laboratory, only significant results 
are now quoted. 

Methylation of Deaxtrin I. Heptaglucosan.—The action of silver 
oxide and methyl iodide on a methyl-alcoholic solution was definitely 
arrested at the stage where two alkyl groups had been introduced 
per C, unit. Product: a colourless glass, easily powdered. [a]p 
in chloroform + 76-0° for c = 0-6035 (Found: ©, 50-65; H, 7:4; 
OMe, 32-4. C,H,,0,; requires C, 50:5; H, 7-4; OMe, 32-6%). 
The methyl sulphate reaction was more effective, repeated treatment 
with the reagents under conditions similar to those employed with 
inulin giving a product readily soluble in organic solvents and 
showing [«]p in chloroform + 89-4° for c = 2-745. The methylation 
was, however, still incomplete, but approximated to the trimethyl 
stage [Found: C, 53-0; H, 7-5; OMe, 40-9. (CjH,,0;)n requires 
C, 52:9; H, 7-8; OMe, 45-5%]. No further purification was possi- 
ble, as the compound, which was isolated as a glass readily con- 
-vertible into a white powder, was exceedingly soluble in organic 
solvents with the exception of light petroleum. The molecular 
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weight, determined in benzene by the cryoscopic method, was 1446, 
whereas a hepta (trimethyl glucosan), Cy3H,1.0,, requires 1428. 

As, contrary to expectation, methyl alcohol containing 1°% of 
hydrogen chloride proved to be without action on the compound, 
simultaneous hydrolysis and condensation was effected by heating 
for 15 hours at 70° with alcohol nearly saturated with the gas. No 
charring resulted from this drastic treatment and the specific 
_ Totation showed the usual characteristic rise and fall during the 
|. change. ([a]p + 75-0°—> 93-7° —> 87-5°). The mixed glucosides were 
_ isolated by vacuum distillation as a colourless syrup (OMe, 50:4%) 
and were hydrolysed thereafter by means of 3% aqueous hydro- 
chloric acid to give a solution of methylated glucoses showing 
[«]> + 68-4°. A syrup was finally obtained on distillation showing 
OMe, 38-6% and yielding crystalline tetramethyl glucose on extrac- 
tion with boiling light petroleum. The remaining sugars were di- 
and tri-methyl glucoses in unknown proportions. 

Methylation of Dextrin II. Tetraglucosan.—As a result of three 
methylations by the methyl sulphate method, 18 g. of the dextrin 
were converted into 16-5 g. of a viscid syrup showing [«]p + 66-6° 
for c = 3-3335 in chloroform, and having OMe, 395%. Two 
further methylations raised the methoxyl content to 41-6%, and 
four subsequent treatments gave the maximum value of 43-4°%. 
The product was a glass possessing the customary solubilities 
[Found: C, 53-0; H, 7-8; OMe, 43-4. (CoH,,0;), requires C, 
52-9; H, 7-8; OMe, 45-5%%]. 


Solvent. ci [a],- 
Methyl alcohol ...................5. 1-3625 +68-7° 
ACCLONE iis. cssces. ME i tace sch kted wide 1-958 70-5 
UCL OnLy We ae Oe 2-900 61-2 


Molecular weight, determined by the cryoscopic method in benzene 
solution, = 873. Tetra (trimethyl glucosan), C,,H,,0,5, requires 
«6816. 

_ When converted into the corresponding methylglucosides, as 
described in the case of the hepta-isomeride, the product on dis- 
tillation showed in successive experiments OMe, 49-6, 49-79% and 
[x]p + 100-9° in water for c= 1-3016. On hydrolysis with 4° 
aqueous hydrochloric acid the permanent value for the specific 
rotation was + 66-7°. The mixture of sugars thus obtained had 
OMe, 38-9% and was separated into (a) a fraction, soluble in ether, 
amounting to about two-thirds of the total, and (by a fraction, 
consisting of the remainder, soluble in acetone but not in ether. 
From the soluble portion, tetramethyl glucose crystallised spon- 
taneously and was identified by analysis and by determination of 


the physical constants. The uncrystallisable sugars were mixed, 
5 F* 2 
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converted into their methylglucosides, distilled in three fractions, 
and analysed. The methoxyl contents, in order of increasing 
volatility, were respectively 38-3, 44-8, and 53-4%, showing that the 
compounds were derived from a di- and a tri-methyl glucose. In 
no case did any of the sugars give a phenylosazone and the incom- 
pletely methylated forms were convertible into the stable variety of 
tetramethyl glucose in 80% yields. 

It was necessary to ensure that the tetramethyl glucose isolated 
did not originate in degradation during the methylation of the 
original dextrin. The methylated dextrin was therefore extracted 
repeatedly with boiling light petroleum, but this did not cause any 
alteration in the methoxyl content. Further, when heated at 
200°/0:2 mm., the methylated dextrin distilled very slowly, but 
analysis of the distillate showed that no tetramethyl methylglucoside 
was present. 

Methylation of Deatrin III. Triglucosan.—Iwenty grams, sub- 
jected to eleven successive treatments by the methyl sulphate 
reaction, gave 15-3 g. of a colourless glass convertible into a white 
solid [Found: C, 52-7; H, 7:8; OMe, 42-2. (C)H,g05)n requires 
C, 52-9; H, 7-8; OMe, 45-5%]. 


Solvent. C. fas. 
Chior ofrornn yistiee verre eenesee onset 2-1035 + 53-5° 
PA catone ny sire ies sean tes angen 2-048 56-4 
Methyl aloohoks fiiys.... tps enuesss on 1-753 52:8 


The molecular weight, determined by the cryoscopic method in 
benzene, was 595. Tri(trimethyl glucosan), C.,H4,0,,, requires 612. 
When heated in a vacuum, approximately one-half of the material 
distilled at 180—200°/0-5 mm., but this result was evidently due to 
depolymerisation, as the distillate was a comparatively mobile 
syrup having np = 14770 and [«]p in chloroform + 23:9°. The 
composition remained unaltered (OMe, 44:7%). The methylated 
dextrin, when subjected to the joint action of methyl alcohol and 
hydrogen chloride, was converted into the corresponding mixture of 
alkylated methylglucosides, the whole of the product being distill- 
able, although over a wide temperature range. No fractionation 
was attempted, the total distillate being hydrolysed in one experiment 
by boiling with 4°, aqueous hydrochloric acid. It is significant 
that when hydrolysis was complete the corrected specific rotation 
of the solution was + 65:3°, showing that the end products were the 
same as those obtained from the hepta- and tetra-isomerides. As 
before, the sugars thus obtained were divided into (a) a fraction 
soluble in ether which yielded crystalline tetramethyl glucose and 
a trimethyl glucose, and (b) a fraction soluble in acetone, but not 
in ether. The less soluble sugar, which was purified by dissolving 


ee ee a 
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in chloroform and precipitating with ether, possessed the com- 
position of a dimethyl glucose (OMe, 33:4%), but could not be 
obtained in a crystalline form and failed to give a phenylosazone. 
Both the di- and the tri-methyl glucose formed above belonged to 
the butylene-oxide series and polarimetric tests for the presence of 
y-forms gave negative results. 


Indirect Isolation of Polyglucosans in the Form of the Methylated 
Derivatives. 

In place of separating the polyglucosans by precipitation and 
conducting the methylations in different experiments, an alternative 
is to alkylate the total polymerised material and thereafter to 
separate the methylated products. The latter method proved to 
be more effective, more economical, and more decisive. 

Thirty grams of glucosan were polymerised, as described, in each 
experiment. By extraction of the product with boiling rectified 
spirit it was possible to remove unchanged glucosan together with 
the bulk of the dextrins of low molecular weight, leaving polymerides 
of high molecular weight undissolved, and, in this way, it was shown 
that both types of dextrin yielded normal triacetates. It was, 
however, preferable to methylate the total product directly, the 
methyl sulphate method being used throughout. A comparatively 
mobile syrup was thus obtained in good yield, 80 g. of glucosan 
giving 73 g. of methylated polymeride. On distillation at the 
Gaede pump, the product was separable as under : 


Fraction I. B.p.135°/0-2 mm. 28 grams. Trimethyl glucosan. 
Fraction II. B. p. 205—210°/0-2 mm. 17-1 grams. Di(trimethyl glucosan). 
Residue. 27:2 grams. Poly(trimethy! glucosan). 


In a second preparation, where more complete polymerisation was 
effected and where over-heating during distillation was avoided, 60 g. 
of glucosan yielded 55 g. of methylated product which in turn gave : 


Trimethyl glucosan .................. 9-41 grams 17% 
Di(trimethyl glucosan) ............ 12:98 _,, 23:6% 
Poly(trimethyl glucosan) ......... SAR py Sent 57:8% 


The monomeric trimethyl] glucosan crystallised in the receiver; the 
dimeride was a pale yellow, clear, viscous syrup (np 1-4720), whilst 
the undistillable isomerides consisted of a glass. 

Di(trimethyl glucosan).—The composition and physical constants 
of the distilled syrup showed very little variation in successive 
preparations [Found: C, 53-0, 52-9; H, 7-7, 7:9; OMe, 44:5; 
M, cryoscopic in benzene, 418. (C,H,,0;), requires C, 52-9; H, 
7-8; OMe, 45-69%; M, 408]. 


Solvent. C. [a]?or, 
SEL PLMey 2 80 cg fs OR od &, rk 1:9515 + 46-5° 
MAGE YUTOMCONOL. since nce veactcek ee +’ 1-8790 48°3 


PT) Sars eh py bic Bb7 Saag 2-0040 51-8 
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Conversion into methylated methylglucosides. This reaction was 
accomplished by boiling with methyl alcohol nearly saturated with 
hydrogen chloride, the specific rotation, corrected for the change of 
concentration, becoming constant at + 110-0°.. The mixed gluco- 
sides were isolated by distillation and although the liquid boiled 
over a wide range of temperature the product was collected as a 
single fraction (yield, 97%; np 1-4587). Under these conditions the 
distillate should have the same composition as trimethyl methyl- 
glucoside and this was the case (Found: ©, 50:8; H, 8:5; OMe, 
51-2. CoH 0, requires C, 50-8; H, 8:5; OMe, 52-5%). Separ- 
ation of the constituents was effected by dissolving in water con- 
taining sodium bicarbonate and extracting repeatedly with chloro- 
form. This treatment removed all glucosides containing four or 
more methoxyl groups per C, unit, lower methylated compounds 
remaining in the aqueous layer. The process can be applied 
quantitatively and, as in the present case yields are of special 
importance, the results of one exact experiment are quoted. 8-5483 
Grams of di(trimethyl glucosan) gave 4-9161 g. of methylated 
glucosides extractable with chloroform, and 3-5824 g. were retained 
in the aqueous layer. The less soluble compound, when isolated, 
dissolved in ether, dried, and recovered, proved to be dimethyl 
methylglucoside showing [«]p + 108-4° in methyl alcohol, and mp 
1-4743 (Found: C, 48-7; H, 8-2; OMe, 41-2. Cale. for CyH1,05,, 
C, 48-8; H, 8-1; OMe, 41-8%). 

Analysis of the syrup extracted with chloroform having shown 
that it consisted essentially of tetramethyl methylglucoside together 
with a little trimethyl methylglucoside, the mixture was hydrolysed 
to give the corresponding sugars. On repeating the extraction with 
chloroform, only tetramethyl glucose passed into the lower layer, 
whilst trimethyl glucose was retained in the aqueous layer. The 
tetramethyl glucose, when recovered, purified by distillation and 
recrystallised as usual, displayed the correct melting point and rot- 
ation (Found: C, 50:8; H, 8-4; OMe, 52-0. Cale. for C1 9Ho90,, 
C, 50-8; H, 85; OMe, 52:5%). In this way, 32457 g. of pure 
sugar were obtained from 4:4717 g. of the mixed glucosides. The 
small amount of trimethyl glucose isolated shows that this sugar 
cannot be regarded as a definite molecular product but originates in 
unpolymerised trimethyl glucosan. Neglecting this by-product and 
small undistilled residues, the relative yields of the hydrolysis 
sugars, calculated as the corresponding glucosides, become : 


Cale. for equal 


; Found. molecules, 
Dimethyl methylglucoside .............0..06 46-6 47-1% 
Tetramethyl methylglucoside ............... 53-4 52:9% 


ee 
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Examination of Methylated Polyglucosans.—The non-volatile 
residue left when di(trimethyl glucosan) was separated by dis- 
tillation constituted the main product of the methylation of poly- 
merised glucosan. After solution in ether, filtration and removal 
of the solvent, the mixture of higher polymerides was obtained as a 
clear glass. The carbon content was low, although the composition 
was uniform in different preparations [Found: C, 52-4, 52-4; H, 
7-6, 7:8; OMe, 44-4, 45:2. (C,H,,0O;)n requires C, 52:9; H, 7-8; 


“OMe, 45:5%]. As, from its method of preparation, the material 


consisted of all polymerides higher than the dimeride, no molecular 
weights were determined. 


Solvent. cs [a]p- 
ROTMOPOLOREINS Nagaesitevaurttcciiess sce 1-850 + 63-3° 
PARMOOOULG ed aah yateliosedsvsaebss hse. 2-266 66-6 
NBN GABlCObal” 2 o.5 sesh. «speed anes 1-755 64-4 


Conversion by the action of acid methyl alcohol into the mixture 
of methylated glucosides gave a 95% yield of a colourless syrup, 
which was distilled under 0-4 mm. and collected in one portion with- 
out fractionation. The average composition of the total distillate 
should be the same as that of trimethyl methylglucoside, but although 
this held approximately, all the values were low (Found: C, 50:4; 
H, 8:3; OMe, 50-6. Calc. for C,)H.,0,, C, 50:9; H, 8-5; OMe, 
52-5%). On separating the constituent glucosides by extraction of 
an aqueous solution containing sodium bicarbonate with chloroform, 
the syrup recovered from the extract weighed 69% of the original 
total, and the remaining 31% was recovered from the water. The 
former was hydrolysed with 8° hydrochloric acid to give the 
corresponding methylated glucoses, which were isolated in 94% 
yield. Analysis of the distilled sugars showed that tri- and tetra- 
methyl glucose were present in equimolecular proportions (Found : 
C, 49-9; H, 8:2; OMe, 46-8. Calc., C, 49:8; H, 8-3; OMe, 47-3%). 
Separation of the sugars was effected by the method of chloroform 
extraction, 11-176 g. of the mixture giving 5-300 g. of crystalline 
tetramethyl glucose displaying the correct analytical figures and 
constants. The less soluble sugar was recovered from the water, 
distilled as a viscid syrup and identified as a trimethyl glucose 
(Found: C, 48-6; H, 7:95; OMe, 41-4. Calc. for CyH,,0,, ©, 
48-6; H, 8:1; OMe, 41-:8%). The specific rotation in chloroform 
solution was -+ 72:5° but, in order to identify it completely, the 
sugar was converted successively into the diacetate, the mono- 
acetobromo-derivative, and finally into the corresponding trimethyl 
@-methylglucoside. These steps were controlled by blank experi- 
ments in which authentic 2: 3: 5-trimethyl glucose was used, and 
the optical changes were parallel throughout. On nucleation with 
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2:3: 5-trimethyl @-methylglucoside, the product crystallised and 
was purified as usual from light petroleum. The m. p., refractive 
index and specific rotation in methyl alcohol were correct (Found : 
C, 50:7; H, 8-5; OMe, 51-9. Calc. for C,>H90., C, 50-8; H, 8-5; 
OMe, 52-5%). The combined results show that the sugars extract- 
able by chloroform from aqueous solution are 2:3: 5: 6-tetra- 


methyl glucose and 2:3: 5-trimethyl glucose in equimolecular 


proportion. 


The lower methylated glucoside retained in aqueous solution — 


after extraction of the tetra- and tri-methyl methylglucosides with 
chloroform consisted of a viscid syrup (%p 1-4779, [a]p in methyl 
alcohol + 106-2°). Although with material of this nature vacuum 


distillation is difficult, this purification was undertaken to obtain . 


more accurate analytical figures. Pure dimethyl methylglucoside 
was thus obtained as the main fraction (b. p. over 190°/0-4 mm. ; 
Mp 14743) (Found: C, 48-55; H, 8-2; OMe, 40-8. Dimethyl 
methylglucoside, C)H,,0,, requires C, 48-6; H, 8-1; OMe, 41-8%). 
The undistillable residue was a glass and consisted essentially of 
monomethyl methylglucoside (Found: C, 45-7; H, 7-2; OMe, 28-9. 
Cale. for C,H,,0,, C, 46:15; H, 7-7; OMe, 29-8%). About 5% 
of the total sugars formed from the dextrin consisted of this 
material, which almost certainly originates in incomplete 
methylation. 

Attempts to establish the constitution of the dimethyl glucose 
isolated in the present section of the research led to no final conclu- 
sions. The sugar failed to crystallise and formed no phenylosazone ; 
it also failed to enter into condensation with acetone when dissolved 


in this reagent containing 0:2° of hydrogen chloride, but reacted — 


when the concentration of acid was raised to 1:3%. No definite 
benzylidene derivative could be prepared, either from the sugar or 
from its methylglucoside, but the combined results, although not 
conclusive, favour the view that of the two alternatives, 2:3- or 
2 : 5-dimethyl glucose, the latter is more probable. 


We desire to express our indebtedness to the Department of 
Scientific and Industrial Research for a Research Assistantship 
granted to one of us. 
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CCCCV.—The Electrical Conductivities of Hydrogen 
Chloride and Potassium Chloride in Water and 
Acetone—Water Mixtures. 


By THomAs Krerroot Brownson and FRANK Maurice Cray. 


THE electrical conductivities of a large number of salts in acetone- 
_ water mixtures have been measured, especially by Jones and his 
co-workers (Jones, Bingham, and McMaster, Z. physikal. Chem., 
1906, 57, 193, 257; Jones and Mahin, Carnegie Institute of Washing- 
ton Publication, 1913, 180, 193). 

The present investigation of the electrical conductivities of 
hydrogen chloride and potassium chloride in water and acetone— 
water mixtures was carried out to obtain information in connexion 
with a research upon the preparation of solutions of standard 
hydrogen-ion concentration and the measurement of indicator 
ranges in an acetone—water mixture containing 10° by volume of 
water (Cray and Westrip, Trans. Faraday Soc., 1925, 24). Owing 
to the nature of the investigation, it was necessary to obtain a 
high order of accuracy. 

A detailed survey has been made of the alteration in the electrical’ 
conductivities and the degree of dissociation of these electrolytes 
over a wide range of dilutions in solvents ranging from pure water 
to the acetone—water mixture containing only 5 volumes of water 
in 100 volumes of the mixed solvent. Conductivity measurements 
have been made for hydrogen chloride in water and eight mixtures 
of acetone—water and for potassium chloride in water and six 
acetone—water mixtures at 20° and 25° and at dilutions ranging 
from 10 to 10,000 litres per gram-molecule. 


EXPERIMENTAL. 


‘Materials.—Acetone was dehydrated over fused calcium chloride 
and distilled fractionally at least twice immediately before use, 
care being taken to avoid contamination from the air. The acetone 
distilled between 56-2° and 56:3° at 760 mm., and none with a 
specific conductivity greater than 0-5 X 10-7 mho. at 20° was used. 
This acetone compares favourably with that obtained by other 
investigators (e.g., Dutoit and Levier, J. Chim. Phys., 1905, 3, 435; 
« 0-5—2-0 x 10% mho. at 20°. Benz, Dissertation, Lausanne, 
1905; « 0-22 x 10-7 mho. at 18°). 

The water was prepared from high grade distilled water by a 
double distillation and had a specific conductivity less than 
1-2 x 10% mho at 20°. 
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The hydrochloric acid was prepared in normal solution and its 
strength determined gravimetrically from time to time. 

The potassium chloride (A.R. quality) was recrystallised three _ 
times from conductivity water, heated for some hours at 120°, and 
kept in a vacuum desiccator. Standard solutions were made up 
as required by direct weighing and standardised against silver 
nitrate. : . 

Preparation of Solutions.—All mixtures of acetone and water 
were made up to contain the specified volume of water in 100 volumes 
of the mixed solvent, the final volume adjustment being carried out 
at 15°. Great care was paid to this dilution on account of the 
considerable contraction in volume (Reilly, Proc. Roy. Dublin Soc., 
1919, 15, 43) and change in temperature which take place upon 
mixing acetone and water. 

In each series of conductivity measurements, the most con- 
centrated solution and occasionally the more dilute solutions of 
hydrogen chloride and potassium chloride were prepared in a manner 
similar to the above, the requisite volume of acid or salt solution 
replacing an equivalent volume of water. Subsequent dilution was 
carried out using specially standardised flasks and pipettes. This 
method was considered preferable to direct weighing on account of 
the volatility of the acetone. 

All measurements were carried out on the same day as the 
solutions were made up and these were kept in the dark until actually 
required. 

The range of dilutions covered in the case of potassium chloride 
was limited by its sparing solubility, especially in solvents rich in 
acetone. The electrical conductivities were measured at dilutions 
up to 10,000 litres except in solvents with a high water content ; 
the highest dilution was then 2,500. 

Apparatus.—The usual type of Kohlrausch apparatus modified 
as described below was used with a thermionic valve oscillator as 
the source of alternating current and with the telephones across the 
ends of the bridge wire (Schlesinger and Reed, J. Amer. Chem. Soc., 
1919, 41, 1727). The bridge wire, calibrated by the method of 
Strouhal and Barus and of accurately measured resistance, could 
be extended at either end by means of non-inductive standard 
resistance coils. The other arms of the bridge contained a standard 
resistance box and the electrolytic cell respectively, whilst two 
variable air-condensers were arranged in parallel, so that they could 
be connected in parallel across either arm of the bridge as required, 
in order to balance the capacities in the system. 

All connecting wires were of stout copper and of known resistance, 
which was corrected for when necessary. 
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The thermostats were regulated to -- 0-05° by means of Lowry 
regulators with electrical control and all metal parts were earthed. 

Source of Current.—Taylor and Acree (J. Amer. Chem. Soc., 1916, 
38, 2415) have shown that the resistance of an electrolyte in aqueous 
solution measured between platinised electrodes of half-inch 
diameter alters with frequency up to 600 cycles, but that there is 
no change of resistance at high frequencies, which were investigated 
up to 2,000 cycles. | 

Preliminary work on these acetone-water mixtures with an 
induction coil as the source of alternating current showed that 
accurate reproducible results were unobtainable on account of the 
lowness and inconstancy of the frequency together with the unsym- 
metrical and irregular nature of the current. This source of current 
was therefore discarded in favour of a Sullivan thermionic valve 
oscillator, the frequency of the alternating current being readily 
adjustable by means of the anode condenser. The frequency used 
in this investigation was 1060 cycles, which was sufficiently high to 
reduce the possibility of polarisation in the cell and also gave a note 
readily detected in the telephones. 

A cathode ray oscillograph was used to ascertain whether the 
current had a pure sinusoidal form. 

No difficulty was experienced even at the highest dilutions in 
obtaining an excellent minimum in the telephones, when the resist- 
ances and capacities were accurately balanced. 

Conductivity Cells—Taylor and Acree (loc. cit.) have shown that 
in aqueous solution, whilst there is no change of resistance with 
change in frequency when platinised electrodes are used at fre- 
quencies above 600 cycles, there is a fall in resistance with increasing 
frequency when plain platinum electrodes are used. When these 
results are extrapolated to infinite frequency, the resistance measured 
with plain electrodes is identical with that found at the lower 
frequencies with platinised electrodes. 

A preliminary survey of the behaviour of electrodes in acetone— 
water mixtures showed that the resistances of solutions measured 
with plain electrodes were higher than the resistances of the same 
solutions measured with platinised electrodes, but that the dis- 
crepancy between them decreased as the resistance of the solution 
being measured increased. Thus, in the acetone-water mixture 
containing 10% by volume of water, the results obtained at the 
higher dilutions with either electrode surface were substantially 
identical. 

The possibility of error due to the catalytic action of the platinum 
black on the acetone was investigated in a series of experiments in 
which the specific conductivities of hydrogen chloride solutions 
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containing one gram-molecule in 20, 500 and 5,000 litres of 95:5 
acetone—water were measured at 20° for periods up to 50 minutes, 
during which time the current was passing through the cell. 

The maximum alteration in specific conductivity of these solutions 
over this period was -- 0-15°% at the highest dilution, but as the 
changes were in the direction of both increased and decreased specific 
conductivity, any alteration was ascribed to temperature fluctu- 
ations and experimental error in determining the bridge setting. — 

The conclusion is drawn that the use of platinised platinum 
electrodes is not attended by objection in acetone—water mixtures 
on account of catalytic action of platinum black on the solvent. 

Three cells having cell constants 0-5703, 0-4686, and 0-1686 were 
used for the measurement of the specific conductivities of the 
electrolyte solutions. The standard solution for determining these 
constants was 0:02N-aqueous potassium chloride; its specific 
conductivity at 25° being taken from the results of A. C. Melcher 
(Noyes and Falk, J. Amer. Chem. Soc., 1912, 34, 454). The cell 
constants were checked at frequent intervals during the course 
of the research and wherever possible the conductivity of a solution 
was measured in two cells having respectively low and high cell 
constants. 

The cells were all of the same type, consisting of a tubular borosili- 
cate glass vessel, closed by means of a stopper and fitted in each 
case with lightly platinised platinum disk electrodes, 1 cm. in 
diameter, mounted vertically on stout platinum leads, which were 
carried through the walls of the vessel into side tubes containing 
mercury. 

Solvent Correction and Calculation of the Equivalent Conductivity 
at Infinite Dilution The corrections which should be applied to 
values of the specific conductivities of electrolytes on account of the 
conductivity of the solvent itself have been discussed by several 
investigators. Kendall (J. Amer. Chem. Soc., 1917, 39, 7) has 
summarised the position and concludes that, if the solvent is of 
sufficiently high degree of purity, no correction need be applied in 
the case of acids stronger than acetic acid throughout the ordinary 
range of dilution, but that where the electrolyte is the salt of a strong 
acid and strong base, substantially accurate values are obtained by 
the procedure of Kohlrausch, namely, direct subtraction of the 
whole of the solvent conductivity. 

The dissociation constant calculated for hydrogen chloride from 
conductivity measurements falls as the percentage of acetone in 
the mixed solvent increases, but even in the solvent containing 5 
volumes of water in 100 volumes of acetone—water it is approx- 
imately 6 x 104 at 25° compared with 1:8 x 10°5 at 25° for acetic 
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acid in water. Consequently, no correction has been applied on 
account of the conductivity of the solvent itself to the values obtained 
for hydrogen chloride in these acetone—water mixtures, but in the 
case of potassium chloride the whole of the solvent conductivity 
has been subtracted. 

In all cases the specific conductivity of the solvent was small in 
comparison with that of the electrolytes, even at the highest 
dilutions. : 

The values for the equivalent conductivity at infinite dilution 
have been calculated by the method suggested by Washburn 
(J. Amer. Chem. Soc., 1918, 40, 122) from the equivalent con- 
ductivities at the highest dilutions measured, the value of the 
mass-action expression A,?/A,,(4,, — 4»)v being plotted against the 
concentration for various assumed values of 4,, and that figure 
for 4,, being taken as the most probable which led to no abrupt 
rise or fall in the curve at the highest dilution. 

The degree of dissociation of the electrolytes has been obtained 
from the expression « = ,/A,, no account being taken of the 
change of viscosity with dilution. 


Results. 


The influence of variation in the composition of the solvent will 
be shown to be extremely marked in acetone—water mixtures of 
high acetone content, especially in the case of the more concentrated 
electrolyte solutions. Thus, alteration in the water content from 
5 to 10% by volume is accompanied by a 100% change in the 
equivalent conductivity at dilution v = 50 and by a 25% change 
at v = 10,000. The measurements in all acetone—water mixtures 
were repeated several times with different samples of acetone. Thus, 
in the case of hydrogen chloride in the solvent containing 10% by 
volume of water, nine separate series of measurements at all dilutions 
were made with different samples of acetone. The results given in 
all cases are the mean values. In the solvent mentioned, the 
variation from the mean of these nine series of results over all 
dilutions was -- 0-5% and the reproducibility in solvents richer 
in water was of considerably higher degree of accuracy. In the 
solvent containing 50°, by volume of water, the variations were only 
+- 0-2%, the results in the different series being in the same relative 
order at all dilutions. 

A series of at least ten measurements with different bridge settings 
was made for every solution, the maximum divergence from the 
mean being generally less than -+ 0:05%,. 

Owing to the considerable difficulties in obtaining really accurate 
values in pure acetone, due particularly to the marked effect of 
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TABLE I, 


Equivalent conductivities of hydrogen chloride in acetone-water 
mixtures at 25°. 


Volume % of water 


v 5 10 20 oD 50 65 80 90 100 

10 — 20-89 51-49 99-44 149-7 202-1 270-1 321-3 389-9 

20 13-76 — —_— — — — — — — 

25 — 30°81 63°93 110-1 158-0 211-0 281-6 832-0 401-0 

50 19-70 38-93 72°88 116-9 162-7 215-9 286°8 336-0 406-4 

100 26°15 48-42 80:55 122-6 167-3 219-7 290-3 341-0 411-0 

250 37-50 63-40 91-40 129-0 172:5 224-3 293-3 344-2 415-3 

500 48-08 73-96 96°55 132-2 174-2 225-8 295-0 346-6 418-0 
1,000 60°39 83:13 100-8 133°8 175-4 226°6 296-4 348-0 419-5 
2,500 TTAT7 93-16 104-9 135-8 175-9 227°3 297:3 848-9 420-7 
5,000 88-41 98-22 106-4 137-0 176-3 227-5 oa — Coos 
10,000 97-61 101-5 107-7 137-7 176°5 —~ —- —_ — 
oo (112-2) (105-5) (109-1) (138-5) (176-8) (227-8) (297-9) (349-6) (429-0) 

x Of solvent in 0-054 0-11 0-20 0-30 0-44 0:55 0-75 0-85 1-0 

mho x 10-8 
TABLE II. 


The equivalent conductivities of hydrogen chloride in acetone—water 


mixtures at 20°. 
Volume % of water. 


AT ay 
v. 5. 10. 20. 35. 50. 80. 100. 
10 19-70 47-86 90-77 135-7 247-0 362-5 
20 13-21 — — — — — a 
25 —— 28-77 59-02 100-4 143-1 257-6 372-5 
50 18-97 36-55 67°20 106-4 147-1 262-4 376:9 
100 25-05 45:37 74-24 111-7 151-1 265:1 380°6 
250 35-90 59-29 84-10 117-3 155-6 267°8 384:5 
500 45-88 69-00 88-60 119-9 157°1 269-4 387-2 
1,000 57°54 77°28 92-35 121-3 158-1 270-4 388-1] 
2,500 73°55 86-50 96-10 123-0 158-6 271:3 389-5 
5,000 83°80 91-25 97-25 123-7 158-9 — — 
10,000 92-56 94-40 98-40 124°5 159-1 — — 
co (106-4) (98-0) (99:7) (125-2) (159-3) (272-0) (390-6) 
x of solvent 0-049 0-09 0-18 0-26 0-40 0:68 0-90 
in mhox 
10-6 
TABLE ITI, 


The equivalent conductivities of potassium chloride in acetone—water 
mixtures at 25° 


v. 
50 
100 
250 
500 
1,000 
2,000 
2,500 
5,000 
10,000 
e) 


«x of solvent 
in mho x 


10-* 


5. 


98-39 
108-1 
117-9 
122-4 


(127-7) 
0-054 


Volume % of water. 


10. 


58-90 
72:95 
82-50 
89-00 
98-80 
99-15 
101-3 

(103-7) 
0-11 


20. 
53-20 
60-32 
68-50 
73-20 

716-54 
79-80 
81-30 
82-80 

(84-50) 

0-20 


35. 
59-75 
64-47 
68-49 
70-95 
73°00 


74-65 
75-90 


(77-30) 
0-30 


50. 
67:45 
70-80 
74:02 
75-70 
76-61 


78-00 
78-64 


(79-40) 
0-44 


65. 
80-40 
82-09 
85-20 
86-00 
86-70 


87-75 
88-40 


(89-10) 
0:55 


as 
100. 

138-6 
141-6 
145-2 
146-7 
147-7 


149-1 


(150-1) 
1-0 
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TaBeE IV, 
The equivalent conductivities of potassium chloride in acetone—-water 
matures at 20°. 
Volume % of water. 


v. 5. 10. 20. 35. 50. 65. 100. 
50 = — 48-81 53°81 60-00 71-27 125-5 
100 — 55-05 55-20 57°81 63-02 72-78 128-2 
250 _- 68-13 62-60 61-39 65-80 75°28 131-0 
500 — 76-40 66°85 63-60 67-10 76-05 132-1 
1,000 92-31 82-28 69-91 65-42 68-01 76-70 132-9 
2,000 101-5 — sais ee lass eg po 
2,500 88-40 72-75 66-60 69-03 77-50 134-3 


5,000 110-2 91-70 74-00 67-70 69-65 78-00 — 
10,000 114-3 93-60 75-30 


20 (119-1) (95:7) (76-90) (68-90) (70:3) (78-60) (135-2) 
k of solvent 0:049 0:09 0-18 0:26 0:40 0:50 0:9 
in mho x 
10-6 
TABLE V. 


The equivalent conductivities of hydrogen chloride in water at 18° and 
25° and of potassium chloride at 25°. 


Hydrogen chloride. 


jae 25°. 
. oir a rg team Potassium chloride. 
25°. 
‘ Goodwin and Bray and ———_ 
Haskell Hunt Lorenz 
This (inter- This (inter- This (inter- 
v. research. polated). research. polated). research. Melcher. polated). 
10 351-7 351-4 389-9 390-4 a 129-0 — 
25 362-0 — 401-0 400-7 135-4 — 135-1 


50 364-9 365-5 406-4 406-7 138-6 138-65 138-6 
100 368-5 369-2 411-0 411-6 141-6 141-4 141-6 
250 372-3 373-6 415-3 416-4 145-2 — 144-75 
500 . 374-9 375-0 418-0 418-6 146-7 146-5 146-55 


1000 375-8 375-9 419-5 419-0 147-7 She 147-75 
2500 377-2 Lat 420-7 ok. 149-1 = 149-22 
0  ~—« (378-2) a (422-0) Re (150-1) (150-6) a 


even the slightest trace of water, this solvent has not been studied 
in this investigation. Results can be extrapolated for pure acetone 
from the values given, but it is hoped in the future to investigate 
the problem experimentally, as the only data available are very 
incomplete (Carrara, Gazzetta, 1897, 27, i, 207; Sackur, Ber., 1902, 
35, 1248). 

The values for hydrogen chloride are all observed values, being 
uncorrected, and those for potassium chloride corrected by sub- 
traction of the solvent conductivity. Kendall (J. Amer. Chem. Soc., 
1917, 39, 7) gives 379-1 as the most probable value of 4,, for 
hydrogen chloride in water at 18°, and 422-7 at 25°. 

References —Goodwin and Haskell, Physical Rev., 1904, 19, 
380. Bray and Hunt, J. .lmer. Chem. Soc., 1911,33, 781. Melcher, 


2930 BROWNSON AND CRAY: THE ELECTRICAL CONDUCTIVITIES 


see Noyes and Falk, zbid., 1912, 34, 154. Lorenz, Z. angew. Chem., 
1921, 116, 161. | 
Discussion. 
The Influence of the Solvent on the Equivalent Conductivity of 
Potassium Chloride and Hydrogen Chloride.—The influence of the 


Brg. 1. 
450 


250 


200 


Equivalent conductivities of HCl in acetone-water at 25°. 


10. 2.220130) ‘40° (50° 1 60.-. 70 - S80 ae OOmaI OO 
100% acetone. Volume % of water. ; 0% acetone. 
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solvent upon the equivalent conductivity of hydrogen chloride in 
these acetone—water mixtures is extremely marked (Fig. 1). Accord- 
ing to the classical theory of electrolytic dissociation, this arises 
from two causes; first, the effect of the solvent upon the migration 
velocities of the individual ions and secondly, upon the degree of 
dissociation of the electrolyte. The equivalent conductivity at 
infinite dilution falls rapidly as water is replaced by acetone up to 
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about 85% of acetone by volume, followed by an increase of con- 
ductivity in acetone—water mixtures richer in acetone. The effect 
of alteration in the degree of dissociation of the electrolyte is shown 
by the equivalent conductivities at finite dilutions and accounts 
for the points of inflexion in the equivalent conductivity—composition 
of the solvent curves (Fig. 1) at the acetone—water mixture containing 
10% by volume of water, where the solvent has a marked effect 
upon the degree of dissociation of the electrolyte (Fig. 3). 


Fira. 2. 


150 


140 


Equivalent conductivities of KCl in acetone-water at 25°. 
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The nature of the equivalent conductivity-composition of the 
solvent curves for potassium chloride in acetone—water mixtures 
differs greatly from the case of hydrogen chloride. The equivalent 
conductivity at infinite dilution falls to a minimum in the solvent 
containing 40° by volume of water (Fig. 2), but owing to the effect 
of the fall in degree of the dissociation of this electrolyte with 
increase in acetone content of the solvent (Fig. 4), this minimum 
changes with dilution and indeed in the case of dilutions v = 50; 
v = 100, no minimum is observable within the limited range of 
acetone—water mixtures which can be studied at those concen- 
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trations on account of the low solubility of potassium chloride in 
mixtures rich in acetone. 

Numerous investigators have attempted to show the dependence 
of the equivalent conductivity at infinite dilution on the physical 
properties of the solvent. Hartley, Thomas, and Applebey (J., 


FIG... 


1-0 


AT 
WA 
H/T | 

Wilt ae 
CCT 


100% acetone Volume % of water. 0% acetone. 


1908, 93, 538), on the assumption of the applicability of Stokes’ — 
law to an ion moving with a spherical solvent atmosphere sur- 
rounding it, have shown that if the ionic radii of the anion and j 
kation respectively do not vary with the composition of the solvent, — 
then 4,,7 = constant, where 7 is the viscosity of the solvent. 

Walden (Z. physikal. Chem., 1906, 52, 242; 1911, 78, 273, 278, 4% 
etc.) has shown that the product 2, is constant and independent 


0°6 


C°5 


0-4: 


Degree of dissociation of HCl at 25°. 


0°3 
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of the temperature for tetramethylammonium iodide, tetrapropyl- 
ammonium iodide, potassium iodide and other organic salts in a 
large number of organic solvents, but he has also shown that solvents 
with large association factors and high dielectric constants give 
variations from this rule. Creighton (J. Franklin Inst., 1919, 187; 
33) found that deviations were shown by trimethyl-p-tolylammonium 
iodide in several organic solvents. 

The viscosities of acetone-water mixtures rise to a maximum in 
the solvent containing approximately 60° by volume of water 
(Davis, Hughes, and Jones, Z. physikal. Chem., 1913, 85, 535), 
whereas the equivalent conductivity at infinite dilution of potassium 


Fia. 4. 


1:0 
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Degree of dissociation of KCl at 25°. 
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chloride in acetone—-water mixtures has been shown in the present 
research to be a minimum in the solvent containing 40° of water 
by volume. No constancy of the expression i,,7 can be expected. 
The equivalent conductivity of the electrolyte at infinite dilution 
is therefore dependent not only on the viscosity of the solvent but 
also on its other physical properties, for example, its state of associ- 
ation and dielectric constant. 

In aqueous solutions the conductivity of hydrogen chloride is 
exceptional owing to the high value of the mobility of the hydrogen 
ion. In acetone—water mixtures of high acetone content, however, 
the mobility of the hydrogen ion does not differ greatly from that 
of the potassium ion, as the equivalent conductivity of hydrogen 
chloride at infinite dilution is only slightly higher than that of 
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potassium chloride in the acetone-water mixture containing 10% 
by volume of water. In the solvent containing 5° by volume of 
water, it is actually smaller. 

The Influence of the Solvent on the Degree of Dissociation.—The 
influence of the solvent upon the degree of dissociation of electrolytes 
has been formulated in the well-known Nernst—Thomson rule. 

Bruhl (Z. physikal. Chem., 1899, 30, 1) has pointed out that no 
absolute proportionality can exist between the dissociating power 
and the dielectric constant of the solvent, as the latter varies greatly 
with temperature and also with frequency. 

The values of the degree of dissociation of hydrogen chloride and 
potassium chloride calculated from the expression « = 2,/A,, are 
in Table VI, and the influence of the solvent is shown in Figs. 3 
and 4. 

The influence of temperature upon the degree of dissociation of 
the electrolytes in acetone—water mixtures is, as would be expected, 
more marked the greater the concentration and the smaller the 
degree of dissociation of the electrolyte and the dielectric constant 
of the solvent. 


TABLE VI. 


The degree of dissociation of hydrogen chloride and potassium chloride 
in acetone—water mixtures at 20° and 25°. 
Hydrogen Chloride. 


Volume % of water 


5 10 20 35 50 80 100 

A eerie SE eerie TE eet tt 

20° 25° 20° (25° — 20° BB° 20° «= BBP «209 «BOP Spe ae ee 25° 
10 — — 0-201 0-198 0-480 0-472 0-725 0-718 0-852 0-847 0-908 0-906 0-928 0-925 
25 — — 0-295 0-292 0-592 0-586 0-802 0-795 0-899 0-894 0:947 0-945 0-953 0-950 
50 0-178 0-176 0-373 0-369 0-674 0-668 0-850 0-844 0-923 0-920 0-965 0-963 0-965 0-963 
100 0-236 0-233 0-463 0-459 0-744 0-738 0-892 0-885 0-949 0-946 0-975 0-974 0-974 0-974 
250 0-337 0-334 0-605 0-601 0-843 0-838 0-937 0-931 0-977 0-975 0-984 0-984 0-984 0-984 


500 0-431 0-428 0-704 0-701 0-889 0-885 0-958 0-954 0-986 0-985 0-991 0-990 0-991 0-991 
1,000 0-541 0-538 0-789 0-788 0-926 0-924 0-969 0-966 0-993 0-992 0-994 0-995 0-994 0-994 
2,500 0-691 0-690 0-883 0-883 0-964 0-962 0-982 0-980 0-996 0-995 0-997 0-998 0-997 0-997 
5,000 0-787 0-788 0-931 0-931 0-975 0-975 0-989 0-989 0-998 0-997 — = a 

10,000 0-870 0-870 0-963 0-962 0-987 0-987 0-994 0-994 0-999 0-998 — se =| ae 


Potassium Chloride. 


Volume % of water, 


oO 

Dm ee ee 
20° 25° «620° «=—25°—s 20° 25" 20S «20° «> =. 99°. BE, 0° one 

50s zl aes — 0-635 0-630 0-781 0-773 0-853 0-850 0-907 0-902 0-928 0.923 
na ing yale — 0-575 0-568 U-718 0-714 0-839 0-834 0-896 0-892 0-926 0-921 0-948 0-943 
2500 = — 0-712 0-704 0-814 0-811 0-891 0-886 0-936 0-932 0-958 0-956 0-969 0-967 
500. — — 0-798 0-796 0-869 0-866 0-923 0-918 0-954 0-954 0-968 0-965 0-977 0-977 
1,000 0-775 0-770 0-860 0-858 0-909 0-906 0-949 0:944 0-967 0-965 0-976 0-973 0-983 0-983 
2,500 — — 0-924 0-924 0-946 0-944 0-967 0-966 0-982 0-982 0-986 0-985 0-994 0-993 
5,000 0-925 0-923 0-958 0-956 0-962 0-962 0-983 0-982 0-991 0-990 0-992 0-992 — ~ 
10,000 0-960 0-958 0-978 0-977 0-979 0-980 — — -— — a —- — -_- 


The values of the Ostwald expression, «2/(1 — «)v, show consider. 
able alteration with dilution in water or acetone—water solvents and 
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in no case is a true constant obtained, but in mixtures rich in acetone 
the change with dilution is much less marked. 


Summary. 

(1) The electrical conductivities of hydrogen chloride and potas- 
sium chloride have been measured over a wide range of dilution at 
20° and 25° in acetone—water mixtures containing from 5 to 100% 
of water by volume. 

The equivalent conductivity of hydrogen chloride at infinite 
dilution falls sharply to a minimum in the solvent containing about 
85°% of acetone, after which the change is small, an increase being 
noticed in solvents very rich in acetone. In other solutions, the 
equivalent conductivity falls as the acetone content increases, as 
the result of the influence of the solvent upon the degree of dis- 
sociation of the electrolyte as well as upon the migration velocities 
of the individual ions. 

The equivalent conductivity of potassium chloride at infinite 
dilution falls to a well-defined minimum in the solvent containing 
approximately 40° by volume of water, but at other dilutions, 
owing to the change in degree of dissociation of the electrolyte, this 
minimum shifts and in more concentrated solutions, v = 100. and 
v = 50, no minimum is observable in any acetone—water mixture 
in which the solubility of this electrolyte allows the measurement to 
be made. : 

(2) It is shown that the use of platinised platinum electrodes is 
not attended by error due to catalytic influence upon the acetone 
in the mixed solvents studied. 

(3) The influence of temperature upon the degree of dissociation of 
these electrolytes is more marked the higher the acetone content of 
- the solvent and the higher the concentration of the solution. 

(4) The Ostwald dilution law does not hold fully in any acetone— 
water mixture investigated, but, as the acetone content increases, 
gives values more nearly approaching a constant at all dilutions. 


We wish to express our indebtedness to Dr. G. Rotter, C.B.E., 
and Dr. J. N. Pring for their interest in this work, which is published 
by permission of the Director of Artillery, War Office. 
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CCCCVI.—The Velocity of Decomposition of Heterocyclic 
Diazonium Salis. Part I. Diazoniwm Salts of the 
Pyrazole and Pyrazolone Series. 


By JosrepH REILLY and Dents MADDEN. 


HiTHERTO, so far as the authors are aware, no quantitative measure- 
ments of the stability of heterocyclic diazonium salts have been made. | 


Qualitative examination has shown that aminopyrazole and amino- 
pyrazolone compounds form a very distinct group, and, therefore, 
an investigation has been made, in the first instance, of the com- 
parative stability of these substances under certain conditions. The 


Pra. T: 


= Yi 
Mt 


physicochemical method of Hausser and Miiller (Bull. Soc. chim., 
1892, 7, 721), or the modification of it devised by Cain and Nicoll 
(J., 1902, 81, 1412), was found unsuitable for this particular problem, 
owing to the extraordinary comparative stability of some of the 
compounds examined, and the consequent exceptionally long period 
of time during which the reaction had to be followed. The process 
adopted by the authors was to heat a definite volume of a solution 
containing a known weight of the amine (sufficient to give 56 c.c. 
of gas at S.7.P., normal diazotisation being assumed) in a specially 
constructed quartz vessel, A (Fig. 1), fitted with a ground stopper 
into which was sealed a tube passing to the bottom of the vessel. 
The vessel was contained in a thermostat, B, at 101-5°, which 
temperature was found to keep the solution of the diazonium salt 
at 100°, and was connected through a condenser, C, to a water- 
jacketed nitrometer, D. A current of air-free carbon dioxide was 


; 
| 
} 
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periodically passed through the solution, and the liberated nitrogen 
was collected over concentrated aqueous potassium hydroxide. 

By this method it is possible to overcome the difficulties met with 
by earlier investigators. The air is completely expelled from the 
apparatus, the vessel containing the solution is placed in the thermo- 
stat, and a current of carbon dioxide is passed through it until the 
temperature becomes constant (the necessary time having been 
determined in a control experiment); the nitrogen evolved during 
this time is collected and measured. It is thus possible to have an 
exact starting point for a solution of definite concentration. Further, 
no allowances such as had to be made by former investigators are 
necessary for the expansion of the solution and of the air in the 
apparatus. (The apparatus is so arranged that the air space between 
the surface of the solution and the mercury in the nitrometer is as 
small as conveniently possible.) 

1-Phenyl-2 : 3-dimethylpyrazolone-4-diazonium Chloride (Anti- 
pyrine-4-diazonium Chloride).—A solution of 0-5075 g. of 4-amino- 
antipyrine in air-free water and 7:5 c.c. of N-hydrochloric acid (3 
equivs.) was treated with 20 c.c. of aqueous sodium nitrite (1-73 g. per 
200 c.c.), and the resulting solution made up to 70¢.c. The solution 
of the diazonium salt, originally pale yellow, developed a reddish- 
brown colour on warming. This evidence of a secondary reaction 
is supported by the fact that after 90% of the substance had de- 
composed the rate of gas evolution declined rapidly. The decom- 
position, however, was mainly a unimolecular reaction. In the 
table, x = the volume of nitrogen evolved after ¢ hours (measured 
at 22° and 766 mm.), and k = 1/t. log {a/(a — x)}, where a = the 
theoretical volume of ‘“‘ diazo ’’-nitrogen under the same conditions 
® (== 60 G26"). 


t. 8 ol ab ae ae t. x eee Ans t. XL. k xX 10°. 
0 0:2 — 7 34:4 52-84 143 49-6 52-50 

1 8-0 62-15 8 37-5 53°20 154 50-5 51-60 

2 13-4 54-80 9 40-1 53-20 164 51-2 50-60 
3 18-2 52-32 10 42-4 53°31 175 51:8 50-00 

4 22-7 51-61 11 44-3 53:00 204 53-0 46-00 

5 27-0 51-93 12 46-1 52-93 224 53-4 = 

6 30-8 52:13 13 47-7 53-00 


_ Neither the addition of excess of acid nor the introduction of a small 
amount of colloidal gold had any marked effect on the rate of 
decomposition. 

Antipyrine-4-diazonium Nitrate——The rate of decomposition was 
of the same order as that of the chloride. The amount of secondary 
reaction was, however, slightly greater, the rate of gas evolution 
falling off more rapidly towards the end. 

Antipyrine-4-diazonium Sulphate.—The rate of decomposition was 


4 
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much more rapid at the beginning, and did not follow the uni- 
molecular law, the value of & falling from 0-1305 (8 c.c. in the first 
+ hour) to 0-0544 (38-8 c.c. in 9 hours); a being 57-35.¢.c. That the 
amount of secondary reaction was considerably greater was shown 
by the more marked deepening of colour, and the formation of a dark 
reddish-brown precipitate. 

The rate of decomposition, then, is in this case, considerably 
influenced by the nature of the anion, unlike the results obtained 
by Cain (Ber., 1905, 38, 2511) with benzenoid diazonium salts. 

3:5-Dimethylpyrazole-4-diazonium Chloride —4-Amino-3 : 5-di- 
methylpyrazole (0-2775 g.) was dissolved in 15 c.c. of N-hydrochloric 
acid (6 equivs.) and treated as in the foregoing cases. The amount of 
decomposition in 3 hours was almost inappreciable, less than 2°% of 
the total “‘ diazo ”’-nitrogen being evolved. In a second experiment, 
3 equivs. of acid being used, the decomposition followed the peculiar 
course indicated by the following figures : 


Pressure = 756mm. Temp. = 18°. a = 60c.c. 
Se ee 0 1 2 3 4 5 6 7 
oy le eth 0-0 1-0 2-4 4-2 6-0 7:8 9-7 11-6 
EIGN ALO oh 8 9 10 1] 12 14 16 18 
Rg ates Breas a5 13-5 15-4 17-4 19-4 21:4 25:0 928-7 e324 
Bee dai sia sssivias 20 24 28 32 36 40 44 48 
Wen davs inv cates) 35:0 406 454 49:3 52:1 546 56:2 57-2 


These figures show that even after 48 hours’ heating the decom- 
position of the diazonium salt is not complete. It is evidently 
irregular at the beginning, less nitrogen being evolved during the 
first hour than during any of the subsequent 20 hours. This be- 
haviour is probably due to the existence of two isomeric forms of the 
diazonium chloride, and this view is supported by the fact that 
when a small quantity of the base is diazotised at the ordinary 
temperature and added to alkaline 8-naphthol, no coupling takes 
place for some time, whereas a colour is immediately developed if 
the diazonium solution has previously been boiled for a few minutes. 
After the fourth hour, the decomposition proceeds with some degree 
of regularity, but not in accordance with the unimolecular law. 

3: 5-Dimethylpyrazole-4-diazonium Sulphate—As in the case of 
the chloride, the reaction was irregular at the beginning. From 
the end of the fourth hour to the end of the twelfth hour the rate of 
decomposition followed the unimolecular law, the mean value of & 
being 0-0720. A solution of the diazonium salt containing an 
excess of sulphuric acid (6 equivs.) was remarkably stable, only 
2% of the total “ diazo ’’-nitrogen being evolved in 3 hours. 

Pyrazole-4-diazonium Chloride.—3 : 5-Dimethylpyrazole was con- 
verted by Knorr’s method (Annalen, 1894, 279, 218) into the corre- 
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| Sponding 83 : 5-dicarboxylic acid, the latter, however, being isolated 


from the oxidation product by the addition of hydrochloric acid 


without the intermediate formation of the acid potassium salt. 


Pyrazole, obtained by heating the dry dicarboxylic acid at 270— 


275°, was converted by Buchner and Fritsch’s method (Annalen, 
1893, 273, 265) into the 4-nitro-compound. This was isolated by 


adding ice to the nitration mixture, and was reduced as follows : 
A solution of 3 g. of the nitropyrazole in 100 c.c. of moist ether was 
treated, with cooling, with a large excess of an aluminium—mercury 
couple during a few hours, complete reduction being indicated by 


ag, as 
60 


C.c. nitrogen (measured at 20° and 
760 mm.) 


4 8 12 16 20 24 28 32 36 
Time of heating (hours). 


I o-Nitrobenzenediazonium chloride. II Pyrazole-4-diazonium chloride. III 
1-Phenyl-2 : 3-dimethylpyrazolone-4-diazonium chloride. T1Ia 1-Phenyl-2:3- 
dimethylpyrazolone-4-diazonium — sulphate. IV 2:3-Dimethylpyrazole-4- 
diazonium chloride. IVa 2:3-Dimethylpyrazole-4-diazonium sulphate. 


the disappearance of the purple colour initially developed. The 
ether was distilled off, the residue extracted a few times with 
boiling alcohol, air being excluded, and the extract was immediately 
treated with hydrochloric acid. The product was evaporated, 
and the residue recrystallised from alcohol; 4-aminopyrazole 
dihydrochloride then separated. As the quantity obtained was 
small, the somewhat dark product was not further purified before 
diazotisation. 

The rate of decomposition of the diazonium chloride from 0:39 g. 
of the dihydrochloride approximately obeyed the unimolecular law. 
In 5 hours, 83% of the total ‘“ diazo ’’-nitrogen was evolved, but 
thereafter the rate of decomposition declined very rapidly. The 
much more rapid decomposition of this substance seems to indicate 
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that the methyl groups in diazotised 3 : 5-dimethylaminopyrazole 
have a stabilising influence on that diazonium salt. 

The comparative stability of the diazonium chlorides from 4- 
aminoantipyrine, 4-amino-3: 5-dimethylpyrazole, and 4-amino- 
pyrazole may be judged from the curves in Fig. 2, showing the rate 
of gas evolution at various intervals. 

Of the large number of benzenoid diazonium salts investigated 
by Cain and Nicoll (loc. cit.) the most stable (and the only two 
apparently sufficiently stable for examination at 100°) were those 
from o- and m-nitroaniline. The conditions under which the 
experiments described above were carried out were different from 
those employed by earlier investigators, but results closely analogous 
to those of Cain and Nicoll were obtained in a control experiment 
in which o-nitroaniline was used. A comparison of the results 
obtained from the diazonium chlorides in the pyrazole and pyrazol- 
one series with those from o- and m-nitroaniline is therefore justifi- 
able (for 4-amino-3 : 5-dimethylpyrazole, the results are the mean 
of the experiments in which only 3 equivalents of hydrochloric 
acid were used in the diazotisation). 


Time (mins.) 
k (tmeasured % Decomp. for half de- 


Substance. in mins.). in first hr. composition. 
m- Nitroaniline *\. ...2h640h..2@eeeheeds 0:0332 100 10 
Ge Ni€r@aniline ). inks. son siatseacenboseoee 0-00564 54 53 
2 AmIMoOpyTazole).oisi7 bes de begealvese 0-00317 40 80 
4-AMINOAaNtiPYTINE ..........cceceeeeeee 0-:00088 13 360 
4-Amino-3 ; 5-dimethylpyrazole ... 0-00030 1-7—2 1020 


In the case of 4-amino-3 : 5-dimethylpyrazole the rate of decom- 
position of the diazonium chloride was considerably slower (3 to. 
4 times) when excess of acid (6 equivs.) was employed. It cannot be 
said, as of benzenoid salts, that the rate of decomposition in the case 


of heterocyclic diazonium salts is uninfluenced by the nature of 


the anion, for the diazonium sulphates of both 4-aminoantipyrine- 


and 4-amino-3 : 5-dimethylpyrazole decomposed much more rapidly 
than the corresponding chlorides. 
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CCCCVII.—The Swelling and Dispersion of Some 
Colloidal Substances in Ether—Alcohol Mixtures. 
By Ernest Water JoHN MARDLES. 


It is well known that cellulose nitrate and Kauri copal each dissolve 
readily in a mixture of ethyl alcohol and ethyl ether, although the 
liquids taken singly are non-solvents, and that the solubility of 


K) 
@ 
ia) 
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potassium stearate, sandarac resin, or night-blue in such a mixture 
is greater than the mean value of the solubilities in either con- 
stituent. This characteristic solvent action appears to be general 
with a large number of colloidal substances and mixtures of liquids, 
e.g., gelatin in water—acetic acid, potassium oleate in alcohol—water, 
casein in pyridine—water, but no satisfactory explanation of it 
appears yet to have been made. Baker’s view that in ether—alcohol 
mixtures the intrinsic solvent for cellulose nitrate is a loose molecular 
complex of alcohol and ether (J., 1912, 104, 1409) has been con- 
siderably criticised (Report of Discussion on Colloids held jointly 
by the Faraday and Physical Societies, 1920). Barr and Bircum- 
shaw have proposed the hypothesis, previously rejected by Baker, 
that the “ best solvent ”’ of cellulose nitrate is unimolecular alcohol. 

A close study of the phenomena, in particular the gelation of 
the sols and swelling behaviour, indicates that a complete explan- 
ation must involve the significant fact that swelling precedes 
dispersion. The important bearing that swelling has on peptisation 
or dispersion in mixed liquids was recognised many years ago by 
Tompkins (op. cit., appendix 2), but his view that dispersion is an 
extreme case of what in lesser degree is known as swelling is now 
regarded as erroneous. 

It appears that the ether in an ether—alcohol mixture not only 
acts as a diluent, disturbing the equilibrium (R-OH), == nR:OH, 
but also actually enters the complex which the molecules of the 
dispersion medium form with the colloid.* Baker pointed out that 
when the ether is replaced by another non-solvent there is not 
necessarily formed a solvent mixture for cellulose nitrate. Although 
he was probably right in ascribing to the ether an active part in 
the solvent action, yet his hypothesis as to the particular mode of 
action is not in accord with fact. 

It has been found as a general principle that the characteristic 
solvent action of mixed liquids cannot be ascribed to the intrinsic 
action of one kind of molecule or molecular complex, but whenever 
_ molecular simplification occurs in a liquid mixture there is increased 
solvent action. Therefore, when compound formation occurs 
between the components of a binary mixture, loss of solvent power 
is to be expected. Indeed, it is possible to use a colloidal substance, 
e.g., cellulose acetate, to detect the presence of a molecular compound 
in a system of liquids (Mardles, J., 1924, 125, 2244). 

The action of mixed liquids on colloids presents a number of 
striking features both with regard to swelling and to peptisation. 
If cellulose nitrate be soaked in dry ether or absolute alcohol, there 
| * Kugelmass (Rec. trav. chim., 1922, 41, 751) has shown that ether favours 

the peptisation of cellulose dinitrate, and alcohol that of the trinitrate, 
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is little apparent change even if the temperature be varied from 
— 80° to + 100°, but a certain amount of swelling occurs. With 
the addition of the second liquid there is a rapid increase in the 
. degree of swelling. For example, a film of cellulose nitrate, after 
immersion at the ordinary temperature for a few days, increased 
28% in weight in dry ether and 68% in absolute alcohol; in ether 
containing 5% (vol.) of alcohol the increase was 75%, and any 


HIGs kk Fi@. a: 


The swelling of some colloidal sub- The swelling of some colloidal sub- 
stances in mixtures of ethyl alcoholand stances in mixtures of anisole and benzyl 
ethyl ether at 18° after 7 days’ immersion. alcohol. 
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About 10-15% of the copal dissolved. The chained line indicates the swelling — 
The values for this substance refer tothe of cellulose nitratein a mixture of anisole — 
undissolved portion and were obtained and phenol. 
by determining the amount of resin in 
the swollen clot. 
further addition of alcohol resulted in a very high degree of swelling. 
Similarly, the addition of 2-5°% of ether to alcohol increased the © 
swelling to such an extent that less than one-third of the swollen | | 
mass was cellulose nitrate and dispersion of the more soluble 
constituents began.* 

In Fig. 1 are shown the degrees of swelling, in ether—alcohol — 


mixtures, of (a) cellulose nitrate, (b) Zanzibar copal, (c) vulcanised | 


* The cellulose esters, like cellulose, and other colloidal substances, e. Gus it 
the resins, are heterogeneous and it is possible to separate them into fractions " 


+ 


of different solubility and viscosity. 
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rubber, and (d) cellulose acetate. The degree of swelling is 
expressed as the weight of the swollen mass obtained from 1 gram 
of the dry colloid. 

Materials —The ether was dried over sodium and fractionated. 
Absolute alcohol was used. The cellulose nitrate (N, 10-7%) was 
obtained in film form by leaving an acetone solution to evaporate 
slowly in a flat dish. The film was thoroughly dried by leaving 
it in the air for several months. About 0:5 g. of the film was 


Hie. 2, 


The solvent power of ethyl alcohol—ethyl ether mixtures for cellulose nitrate, 
Kauri gum, etc. 


Cellulose nitrate. 

I, Nitrogen content, 10-7%. II, 
Nitroyen content, 11:5%. III, 
Approximately 5% of water present 
in the solvent mixtures, and another I, Kauri copal. II, Benguela copal. III, 
sample of cellulose nitrate used. Cellulose acetate. 


eo 
j=) 


te 
fon) 


Or 
— 
Wt.% of Benyuela resin dispersed. 


Solvent-power numbers. 


Temperature at which precipitation 
occurred on cooling 


100 20 40 60 80 100 
Ether. Composition. Vol.%. Alcohol. Ether. Composition. Vol.%. Alcohol. 


The solvent-power numbers were obtained by noting the relative quantities of a 


diluent, e.g., hexane, required to be added to 1 c.c. of the sol (concentration 5/100; 
temperature 20°) in order to start precipitation of the colloid. 


immersed in about 20 c.c. of the liquid. The Zanzibar copal used 
was from the same sample throughout, and the vulcanised rubber 
consisted of ordinary black rubber tubing extracted with acetone. 
The cellulose acetate (Rhéne) had an acetyl content of 39-6%, 
corresponding with the formula C,,H,,0;(O°CO-CHs),. 

The swelling results obtained for cellulose nitrate when dispersion 
did not occur seem to indicate that the degree of swelling in ether— 
alcohol mixtures tends to increase enormously with further additions 
of the second liquid. The experiments of Masson, who found 
that fibrous cellulose nitrate absorbed a maximum amount of 
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ether—alcohol vapour when this was composed of 1 mol. of ether 
and 1 mol. of alcohol, apparently support this view (op. cit., p. 95). 

It is significant that the optimum solvent mixture of alcohol and 
ether for cellulose nitrate has an equimolecular composition only when 
a little water is present. It contains more alcohol if the materials 
have been carefully dried (compare Stepanow, Z. ges. Schiess-u. 
Sprengstoffw., 1907, 2, 43; Matteoschat, ibid., 1914, 9, 105). 

The close relationship between the degree of swelling and solvent 
action is shown clearly in the case of the copal resins. Zanzibar 
copal, one of the harder and more intractable copals, swells con- 
siderably in ether—alcohol mixtures, but the amount of dispersion 
is small. On the other hand, the softer Kauri resin dissolves in 
the mixtures and, on cooling sufficiently, either the solution gelates 
or the resin is precipitated as an amorphous mass. With Benguela 
copal of intermediate hardness, a part of the resin is dispersed and 
the remainder swells considerably. The optimum solvent mixture, 
2.e., the one which dissolves the resins most readily, forming solu- 
tions that are most stable against precipitation by cooling or addition 
of diluents, has practically the same composition as the mixture of 
liquids in which maximum swelling occurs in the case of the harder 
copals. The degree of swelling of Zanzibar copal reaches a maxi- 
mum when the proportion of ether is 70% by volume (Fig. 1), 
and this mixture exerts the maximum solvent action on Kauri and 
Benguela copal (Fig. 2). 

The very marked influence of eB tise on dispersion i is also shown 
by the study of the binary mixture anisole—benzyl alcohol. Cellu- 
lose nitrate is swollen but not dispersed by this mixture, and it is 
possible to plot the whole of the swelling curve. The swelling of 
cellulose acetate is considerable and dispersion occurs on warming, 
so it is possible to note the relation between degree of swelling and | 
solvent action. Towards the copals, this binary mixture behaves 
as the previous one (Table I and Fig. 3). 

The anisole used had dj 0-989 and b. p. 155°. Of the benzyl 
alcohol, d” 1-043, 95% distilled between 205° and 206°. 

It is seen from Table I that the swelling of cellulose nitrate 
continues in anisole during the 31 days, but becomes constant in 
some of the mixtures after 15 days. This fact, that the rate of 
swelling is highest when the swelling is greatest, is of importance _ 
in explaining why the “ best’ solvent mixture disperses the most | 
rapidly; for not only does the optimum solvent mixture often ; 
form the least viscous sol, so that the resistance to the diffusion of _ 
the colloidal particles from the surface during dispersion is at a _ 
minimum, but also the initial swelling of the colloid is most % 
rapid. | 
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TABLE I. 


The swelling action of mixtures of benzyl alcohol and anisole 
at 18°. a denotes the wt.% of anisole in the mixture, and 6b the 
degree of swelling. 


Cellulose nitrate. 


eS ete 100 74 62:2 50 37°5 =. 28 19-2 
5 after 7 days ...... 1-25 1-75 3-06 2-0 2°12 2:13 — 

AORN Ea PO 1:35,, 2:80... _ 3:22... 2-90) + 2-98... .2°83 1-5 

Leshan 8 Yor AA tnelairete ae 1:42 2-87 3°22. ° 2°00 2°08") 2°85 Zr 
sie EL tess M47 912992.) - 3°22") 92-90) 2:98 o 2°55 
BAGG wah taan qeeeasesoenee 13-7 9-6 0 
b after 7 days ...... 1-37 a 1-11 

PNGeLO Taek Conve 1-80 1-85 1-27 

“phe Lies Fie debt eee 2-25 2-2 1-4 

‘opie: Salk ahaa CORD 2-5 2-4 1-56 


LA hy Siero, mene 100 80 70 60 40 20 0 
after 2 days ...... 1-45 2-1 1-9 2-2 2-0 2-2 2-1 

os a ik oe wae 1-93 2-9 3-1 3-2 3-1 3-1 2°8 
Meade Fad asec Utiala cates 2-0 4-1 4-2 
) Cellulose acetate and (ii) Gelatin (Coignet’s). 

A eee edad nies unnenks 100 75 47°5 30 12 0 

after 5 days (i)... 1:09 3°85 6-6 8:2 6-0 2-6 
ie Pe Lt) is 1-06 1-05 1-00 1-00 1-03 1-07 


* By this time the resin was very soft and tacky and very difficult to 
manipulate. 


The swelling of cellulose acetate is at the maximum in the benzyl 
alcohol-anisole mixture containing 50% of anisole, and Table II 
shows that this is also the optimum solvent mixture. Similarly, 
the composition of the best solvent mixture for Kauri copal is 
practically that of the mixture in which Zanzibar copal swells 
the most. Air-dried cellulose acetate dissolved in benzyl] alcohol on 
warming. On cooling rapidly, a 5% sol became turbid at 18° 
owing to separation of the acetate. The temperature of separation 
was first lowered and then raised on addition of anisole. 


TABLE II. 


The solvent action of mixtures of benzyl alcohol and anisole on 
cellulose acetate and Kauri copal. 

w= wt.% of anisole and t = temperature of precipitation or 
gelation. 

Cellulose acetate. 
Rep R a diay tte oat 0 12 26 40 54 66 72 78 
keke s idhen dns 18° 10° 5° 4° 12° 38° 65° 90° 
Kauri copal. 


isan 2h snas ts 100 90 75 60 40 20 0 
len ve has 205% 90° 33° —25° —60° —52° —42° —22° 


Degree of swelling. 
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The Kauri copal dissolved in anisole on warming, but separated 
when the temperature fell below 90°. The addition of benzyl 
alcohol facilitated the dispersing action and the solutions were 
stable at lower temperatures. 

The important influence of swelling on dispersion can be shown 
equally well with other binary mixtures, e.g., alcohol and water. 
Knoevenagel and his co-workers (Koll. Chem. Betheft, 1921, 1922, 
1923) have measured the swelling of cellulose acetate in a number 
of binary mixtures, and the solvent action of many of these mixtures 
on the same substance has been determined (Mardles, J. Soc. 


Fig. 4. 


Lhe correlation of the swelling of cellulose acetate in binary mixtures (Knoe- 
venagel) with solvent action. 


— 
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(Mardles, loc. cit.). 


Chem. Ind., 1923, 42, 127). There is a close correlation in most 
cases, although different varieties of cellulose acetate were used. 

Gelatin and vulcanised rubber differ from the cellulose esters 
and the resins in that their degree of swelling in ether—alcohol 
mixtures is less than the mean value. 


The swelling of cellulose nitrate in phenol-anisole is quite different — | 


from that in benzyl alcohol-anisole, there being no maximum to 
the curve. 


Tase IIT. 
The swelling of cellulose nitrate in phenol-anisole mixtures. 
Wt. % of phenol : sie 0 10 27°5 44 


Degree of swelling ............ 1-47 1-39 1-2] 1:07 


_ Degree of swelling. 
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A parallel behaviour is found in the dispersion process, for, if 
either ether or alcohol be replaced by another liquid, the charac- 
teristic solvent action of the ether—alcohol mixture is not necessarily 
repeated. The solvent power of various binary mixtures containing 
ether for the sample of cellulose nitrate used is shown in Fig. 5. 
The solvent power numbers were obtained in the manner already 
described (J., 1924, 125, 2244). 

The explanation of the characteristic dispersing action of mixed 
liquids must be sought in the cause of the increased swelling, and, 


Fia. 5. 


The solvent action of various binary The solvent action of various binary 
mixtures of ethers and alcohols on cellulose mixtures containing ethyl ether on 
nitrate (N, 10-:7%). cellulose nitrate (N, 10-7%). 

0 


Solvent-power numbers. 
° 
a] 


13°——39 40-60-80 «2100=~=S«20=SC«S:*=C=<“SS*<“C«iS:é«*dCO 
Ether. Alcohol. Hther. Acetone, etc. 

I, Benzyl methyl ether and ethyl alcohol. I, Ethyl ether and epichlorohydrin. 
II, Ethyl ether and ethyl alcohol. III, II, Ethyl ether and acetic acid. III, 
Ethyl ether and benzyl alcohol. IV, Anisole Ethyl ether and acetone. IV, Ethyl 
and ethyl alcohol. ether and ethyl acetate. 
from the cases examined, the specific characters of the liquids and 
colloidal substances are evidently of primary importance. Cellulose 
nitrate in an ether-alcohol mixture probably attaches to its particles 
both kinds of molecules from the dispersion medium, and these 
attracted molecules may bind additional ones. 

Esselen (J. Ind. Eng. Chem., 1920, 12, 801), discussing the charac- 

teristic solvent action of mixtures of chloroform and alcohol on 
' cellulose acetate, puts forward a possible explanation based on the 
fact that cellulose and its compounds have marked affinities 
for the hydroxyl group of alcohol. Mixtures of liquids containing 
as one constituent a substance with reactive groups, such as an 


alcohol, ketone, or acid, especially if this constituent is the first 
5 a* 
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member of a homologous series, usually have markedly high solvent — 
action. A liquid, such as hexane or xylene, which is not particularly 
reactive and isa high member of a homologous series behaves like _ 
a diluent or inert component in a binary mixture. 

The structure of the complex formed by the molecules of the 
dispersion medium and a colloidal particle is apparently simple, 
for the composition of the best solvent mixture is often simple, 
molecularly (Mardles, J., 1924, 125, 2244), and Knoevenagel has 

Fic. 6. ; 

The viscosity of solutions of cellulose nitrate in ether—alcohol miztures. 

Mixtures of ethyl alcohol and ethyl ether. 


Inset: Viscosity results of Gibson and Mixtures of ethyl alcohol with anisole | 
McCall (J. Soc. Chem. Ind., 1920, 172). and benzyl methyl ether. 
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alcohol. IV, Anisole-ethyl alcohol. 
shown, in the case of the swelling of cellulose acetate in mixed — 
liquids, that the proportion of the constituents in the swollen mass 
is often a simple molecular one also. | 

Viscosity and Density of the Sols.—The effect of the addition of a 

colloidal substance on the viscosity of a binary mixture of liquids — 
is, in general, such that the shape of the viscosity-composition — 
curve becomes exaggerated and any special feature of it is developed — 
(Mardles, J., 1924, 125, 2244). These effects are produced when © 
cellulose nitrate is added to ether—alcohol mixtures (Table IV and — 
Fig. 6). The sag in the viscosity curve for the pure liquids is exag- 
gerated and, for the sols of higher concentration, there is a minimum _ 
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point, which occurs at a composition near that of the optimum 
solvent mixture. 


TABLE LV. 


The viscosity and density of sols of cellulose nitrate in mixtures 
of ethyl alcohol and ethyl ether. 


Concentration of sol, 1/100. Nitrogen content of nitrate: a, 10:7%; 


D, LPO, 
Difference in density between 
dispersion medium and sol. Viscosity. 
Wt. % of RAS Bo eS a aS, 
ether. a. 5 a. b. 
20-0 0:0045 0-0060 0-026 0-031 
38-4 oo 0:0074 — 0-024 
47-2 0-0085 0:0077 0-019 0-021 
56-7 — 0:0075 —— 0-019 
70-6 0-0078 0-0076 0:0136 0-015 
78-0 — 0:0056 — 0-014 
84-2 0-0065 0-0059 0-011 0-014 
Concentration, 2:5/100. Nitrogen content, 10:7%. 
20-0 0-0135 0-105 
47-2 0-0174 0-080 
56-7 0-016 0-072 
71-6 0-013 0-072 
84-2 0-014 0-074 
TABLE V. 


The viscosity and density of sols of cellulose nitrate in mixtures 
of benzyl methyl ether and ethyl alcohol. 
Benzyl methyl ether, b. p. range 167—169°, d™° 0-963. 


Wt. % of Density. Viscosity. 

SSCS UES 1S es ASS i seo laa re rennet 
ether. Liquids. Sol, 2-5/100. Liquids. Sol, 2-5/100. 
100 0-963 aa 0:0107 <r 

92 0-9465 0-955 0:0104 0-175 
78-9 0-932 0-9434 0-01001 0-1726 
72-8 0:9189 0:9311 0-01007 0-172 
55-3 0-8863 0-8983 0-01002 0-170 
26-4 0-8322 — 0:01036 —s 
22 + 0:8455 —— 0-181 


The viscosity and density of sols of cellulose nitrate in mixtures 
of anisole and ethy1 alcohol. 


Wt. % of , 
anisole. Density difference. Viscosity of sol, 2-5/100. 
77-1 0:0113 0-1772 
71-6 0-0116 0-177 
51 0-0118 0-184 
31-9 0:0115 0-189 


From the differences in density between the dispersion medium 
and the sols it will be seen that the greatest volume changes occur 
when the compositions of the mixed liquids are near that correspond- 
ing to the maximum sag in the viscosity curve and when the solvent 
power of the mixed liquids is high (Fig. 5). My 
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Surface-tension Measurements.—A large number of measurements 
of the surface tensions of the organosols in ether—alcohol mixtures 
and in the single liquids were made at different temperatures and 
for different concentrations by means of Sugden’s maximum bubble ~ 
pressure method (J., 1924, 125, 27). In the case of ethyl alcohol — 
and its mixtures with ethyl ether, benzyl methyl ether, and anisole, ~ 
the effect of the addition of the colloidal substance was to raise © 
the surface tension of the dispersion medium. Similarly, the ether ~ 
organosols had higher surface tensions than the pure liquids. . 

The temperature coefficient of the surface tension from 10° to 
30° for the organosols was practically the same as that for the © 
pure dispersion medium. : 

Tables VI and VII give a selection of the results obtained. 


TABLE VI. 
Ethyl ether sols of yin y in 
concentration 1/100. dynes/cm. Ethy1 alcohol sols. dynes/cm. 
(Ethyl ether). 16-6 (Ethyl alcohol). - 21-7 at, 28° 
Chlorophyll. 16:65 Potassium oleate, 0-:25/100. Bo hE os 
Tung oil. 16-6. nA ~ 0-5/100. Dare hes 
Copper oleate. 16-8 (Ethy] alcohol). 21-9 at 25° © 
Mastic (5/100). 16-85  Tannic acid, 2/100. y+ a ie Ae 
Dragon’s blood. 16:8 Be pte 10/100. S2eP ants 


The surface tension of ethyl alcohol was also raised slightly by — 
the addition of shellac, night-blue, and potassium stearate, but q 
no appreciable effect was produced by sandarac resin and — 
chlorophyll. ‘ 


TABLE VII. 


The surface tension of some sols in ethyl ether-ethyl alcohol © 
mixtures at 25°. 


Wt. % of y for the 


ether. liquid. Sols. y- 
63-9 18-6 Cellulose nitrate, 5/100. 20-1 
FA ‘4 2/100. 19-7 
Chlorophyll. 18-8 
Dragon’s blood, 2/100. 19-6 
Copper oleate, 2/100. 19-6 
33-1 19-6 Cellulose nitrate, 5/100. 21-4 
iB ta 2/100. 20-1 
Chlorophyll, 2/100. 19-9 
Copper oleate, 2/100. 20-0 
Tannic acid, 2/100. 20-1 
13-1 20-9 Chlorophyll, 2/100. 20-95 
Kauri resin, 5/100. 21-2 


Chlorophyll had practically no effect on the surface tension of 
binary mixtures of alcohol with anisole or benzyl methyl ether, 
but cellulose nitrate raised it a little. 
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TaBLE VIII. 
y*®* for the 

Composition. liquid. Sols. cine 
Anisole, 71-6%. 27:7 Cellulose nitrate. 28-3 
Benzyl methyl] ether, 44%. 26:8 Night-blue. 27-2 
Cellulose nitrate. 28-3 
4 ‘i 26-44%. 24:0 rie . 25-2 
Dragon’s blood. 24:5 


The surface tension of a mixture of 2 vols. of benzyl alcohol and 
I vol. of anisole at 20° was raised from 37-3 to 38-2 by cellulose 
acetate (2/100), and slightly by night-blue. 


Summary. 

A study has been made of the swelling and the dispersion action 
of ether—alcohol mixtures on colloidal substances. The explan- 
ation of the high dispersing action of the mixed liquids must be 
sought in the cause of the colloidal substances swelling initially to 
a greater extent in the mixtures than in the liquids taken singly, 
there being a close correlation between the swelling and the dis- 
persing action. 

The attraction between a colloidal particle and the molecules of 
the mixed dispersion medium, due to the presence of mutually 
reactive groups, whereby complexes are formed, appears to reach 
a maximum with certain combinations of liquids because of the 
special spatial arrangement and interlocking of the various molecules 
in the complex resulting from their size, from the relative strengths 
of their affinity bonds, etc., so that it is necessary in any explanation 
to consider the relative specific characters of the liquids and the 
colloidal substance. 

With increase in the Baivent power of the liquid mixtures for 
cellulose nitrate, the change in density increases and the sols 
become relatively less viscous. 

The surface tensions of the organosols are either the same as 
or slightly higher than that of the pure dispersion medium. 


BIRKBECK COLLEGE, 
UNIVERSITY OF LONDON. [Recewed, July 27th, 1925.] 


CCCCVIII.—The Allotropy of Zine. 


By Davin STOCKDALE. 


THE work here described was undertaken in order to discover some 
sure means of recognising allotropy in metals at high temperatures 
and of accurately determining those temperatures. The experiments 
of other workers, those in which X-rays were used being left out of 
account, may be divided into two groups : 
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(a) Investigations of the physical properties of the metal, quenched 


from temperatures above and below that of the suspected trans- 
formation point. 

(b) Experiments carried out in the neighbourhood of the transition 
point. 


Objection to the former experiments can be made on three 


grounds : 

(1) There is no certainty that, during the quenching, an allotropic 
metal does not revert to its original form. 

(2) During the chilling of even a small specimen very great 
stresses are created, and these may cause false results to be obtained. 

(3) Very little is known about the phenomena of “lag” in 
allotropic changes at high temperatures. It is possible that this 
lag may be so great that the temperature may be raised considerably 
above that of the transformation without any change taking place 
in the metal. 

The third criticism can be made of the latter group of experiments 
also, which have consisted, for example, in investigations into the 
specific heats of metals at high temperatures, measurements of 


electrical resistance, of thermal electric power, and of the mechanical ~ 
properties of the materials, but the most serious objection is that — 
these methods are not infallible. For example, it has been shown ~ 
by Miss Bingham (J. Inst. Metals, 1920, 24, 333)—and confirmed by ~ 
the author—that zinc undergoes an allotropic change between ~ 
310° and 330°; yet of all the physical properties of zinc, only the — 
electrical resistance and the “ mechanical ’’ properties are definitely — 
discontinuous through that range of temperature. Miss Bingham ~ 
has shown thatin the case of zinc the change in resistance is extremely 
small in comparison with the resistance. Attempts to carry out — 
exact measurements with an ordinary tensile testing-machine ~ 


would probably be futile. 


The problem to be solved was to devise some method of 


measuring the change in a property of a metal in such a way that 


this change would appear large with respect to the quantity 


measured just prior to the transformation. 


There is between a metal and an electrolyte in contact with it a 
certain difference of potential, which is a function of the temperature. — 
If the potential difference and the temperature be plotted, the result — 


may be a curve similar to AB (Fig. I). At the triple point («- 


allotrope, 6-allotrope, vapour) the solution pressure of the two forms © 


must be the same, and therefore, if B represents the triple point, 
B must also lie on the potential difference-temperature curve (B C) 


of the B-allotrope. But there seems to be no reason why the slope 
of AB and of BC should be the same, and if exact measurements of 


STOCKDALE : THE ALLOTROPY OF ZINC. 2953 


differences of potential could be made, triple points of metals which 
exhibit allotropy could probably be detected by changes in direction 
of the curve. The effect would be increased by ‘“‘lag’”’; that is to 
say, one form might exist in a metastable condition over a range of 
temperatures and then suddenly change into the other. If such 
were the case, the curve would be of the form AB DEC and the triple 
point would be found by producing CE until it cut AD. By the 
use of this principle, Cohen (Z. physikal. Chem., 1894, 14, 53; see 
also Roozeboom, ‘“‘ Die Heterogenen Gleichgewichte vom Stand- 


—> PoTENTIAL DieFERENcE. 


—  TEeErPERATURE. > saree He WS Wo 


—> Time. 


punkte der Phasenlehre,” Vol. I, p. 123) was able to measure 
accurately the transition temperature of tin. 

If a second electrode of the metal is immersed in the electrolyte, 
and connected with the first, a small, constant difference of temper- 
ature being maintained between them, an electrolytic cell will be 
formed having a very small 7.M.F. The #.M.F.-temperature (or 
time) curve will be the algebraical difference between two curves 
such as A B C (Fig. I), and should have the form A BC D (Fig. II), 
B and C representing the temperatures at which the allotropic 
change takes place in the two electrodes. If allowance is made for 
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“ lag,’’ the theoretical curve should be of the form A BE FCGHD — 
(Fig. III), and by producing the lines GF and D H the triple, point 
should be ascertainable. The order of magnitude of the H.M.F. — 
and of the changes in it can be made the same by choosing a suitable — 
temperature difference between the two electrodes. 


EXPERIMENTAL, 

As it appeared certain, from the work of Miss Bingham, that zine 
undergoes allotropic change at about 300°, it was thought advisable 
to test the foregoing theoretical conclusions by carrying out experi- 
ments with that metal before seeking such changes in others. 

The zinc used was “ Brunner Mond’s purest electrolytic.” The 
choice of an electrolyte was limited, because the liquid must not 
attack the zinc in any way, either by oxidation or by deposition of 
a second metal on it, and preliminary experiments had indicated 
that no gas must be given off when the electrolyte is heated. Finally, — 
a mixture of zinc chloride, containing much oxychloride, with 10% ~ 
of zinc bromide, was used. It melted at about 280°. 

The apparatus consisted of a hard glass U-tube, 1-5 em. in 
diameter, the limbs being 4 cm. apart and 22 cm. long. One limb 
was wound with nichrome ribbon protected from oxidation by 
pyruma cement, and could be heated by passing a small current 
through the ribbon. 

The U-tube was placed in an electrical resistance furnace so that 
the limbs projected a distance of 5 cm.; the empty portion of the 
furnace was lightly packed with asbestos fibre. The quantity of 
electrolyte was such that the level of the molten material was 
6 cm. above the bottom of the tube. To stop convection currents, 
the connecting piece was lightly plugged with glass wool. 

The difficulty arising through the molten zinc salts running up 
the hot tube and solidifying near the top was overcome by winding 
the tops of both limbs with nichrome ribbon and keeping them _ 
considerably hotter than the bottom parts. 4 

The zinc electrodes, 0:4 x 0-4 x 6 cm., were attached to stout 
copper wires passing through the rubber stoppers closing the limbs. 
The stoppers were also fitted with rubber valves, preventing access 
of atmospheric moisture. The copper wires were connected through 
a mirror galvanometer. In the circuit were a reversing key and an 
apparatus for opposing an H.M.F. to that generated by the little 
cell. The galvanometer threw a spot of light on a sheet of paper 
moving upwards at a uniform rate, and by following the spot of 
light with a pencil it was possible to draw an H.M.F.-time curve in 
a direct and easy way. j 

Temperatures were measured by copper-constantan couples 
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(size 30 gauge) sheathed in fine glass tubes, and so placed that 
the hot junctions were about 1 cm. above the bottoms of the 
electrodes. The couples were used in conjunction with millivolt- 
meters, standardised by means of the melting points of pure zinc, 
lead and tin. © 

Before a series of experiments was begun, the U-tube and its con- 
tents were heated to 400° to drive off any steam and to anneal the zine. 
The tube was then heated or cooled at different rates through the 
range where the allotropic change might be expected to occur, the 
two limbs being kept at slightly different temperatures, and #.M.F.— 
time curves were drawn. An attempt was made to read the milli- 
voltmetres every other minute. 

The apparatus described above is unsatisfactory and the ex- 
perimental difficulties are numerous. First, a single operator has 
too much to do if he is to obtain correct results. Then there are 
troubles with the electrolyte. It was found impossible to maintain 
a uniform temperature difference between the two limbs, and con- 
sequently the curves obtained were not sharp. As the galvanometer 
was not sufficiently sensitive, the breaks in the curves were very 
small, and were liable to be completely obscured by small experi- 
mental errors. 

Sixteen curves in all were taken. The results obtained from 
eight of the more convincing experiments are in the following 
table: ¢ is the time (mins.) taken for the temperature to change 
from 300° to 330°, and 7’ the difference in temperature of the 
electrodes. 


Type of 

curve. TT; a E. B. G. C. 
Cooling. 6° 35 316° 318° 314° 316° 
Pr 15 30 — — 308 — 

” 12 26 312 314 314 — 

9 ‘j Not obs. 312 314 308 313 
Heating. 10 35 315 313 317 315 
” 6 30 316 — 315 315 

ee 10. 18 — — 318 — 

; 10 7 8 — 318 — 

; Mean 315 315 


The letters above the columns refer to Fig. III. Blanks in the 
columns denote either that the position of the break was very 
doubtful or that the curve was of such a shape that it was impossible 
to find the point B or C accurately by interpolation. 

Experiment 8, in which the rate of heating was fast, is interesting 
in that the lag in the hotter electrode was so great that the point F 
(Fig. III) lay between the points C and G, and the line FG was very - 
short because the cooler electrode underwent the transformation 
almost immediately after the other. 
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The figures in columns B and C show that there is a transition 
point at 315°. It will be seen, also, that there is a “ lag’ at the 
rates of heating employed, but in no case was the measured “ lag ” 


| 


very great. ‘The largest values obtained were 7° below the mean ) 


temperature on cooling curves, and 13° above the mean temperature 
on heating curves. It is quite possible that this phenomenon of 
¢ lag bad 
breaks in the curves. | 

Fig. IV is an exact reproduction of the curve obtained in Experi- 
ment 4. In general, the others resembled it; in many cases, how- 


may have been responsible for the many failures to obtain © 


ever, the observed breaks were much larger and sometimes they were — 


not nearly so regular in shape. 


Conclusion. 
The experiments indicate that zinc undergoes allotropic change 


at 315°. This result agrees very well with those of Miss Bingham — 


(loc. cit.), who found that changes occurred in some properties of 
zine at about 330° and in others at about 310°. 

The figures set out in the table seem convincing; the curves from 
which these figures are derived are not convincing, and the value 
315° is to be accepted only with reserve. 


The author regrets that circumstances have arisen which make — 


it impossible for him to continue this work. His conviction that 


the principle underlying his experiments is correct and that a 
further attempt to apply it both to the examination of zine and of — 


other metals will yield valuable results, is his excuse for offering this 
paper for publication. In his opinion it ig necessary to provide 


some means of confirming the existence of allotropic changes : 


revealed by the use of X-rays. 


The author expresses his gratitude to Mr. C. T. Heycock, M.A., _ 
F.R.S., for his interest and help, and to the Royal Commissioners 


of the Exhibition of 1851 for a senior studentship. 


THE GOLDSMITHS’ METALLURGICAL LABORATORY, 
UNIVERSITY OF CAMBRIDGE. [Received, August 10th, 1925.] 


CCCCIX.—Hlectrometric Study of the Reactions between 


Alkalis and Silver Nitrate Solutions. 
By Husrrt Tuomas Stanury Britton. 


PRECIPITATES formed by the addition of alkalis to metallic salt 


solutions are, as a rule, basic. Silver oxide, however, appears to — 
be an exception and therefore its precipitation by sodium hydroxide . 


has been studied. 


BETWEEN ALKALIS AND SILVER NITRATE SOLUTIONS. 2957 


The precipitation of silver oxide from silver nitrate solution by 
ammonia and its subsequent re-solution have been studied from 
various points of view. Prescott (Chem. News, 1880, 42, 31), 
Reychler (Ber., 1883, 16, 990), Draper (Pharm. J., 1886, 17, 488), 
and Herz (Z. anorg. Chem., 1910, 67, 248) found that when approx- 
imately 2 mols. of ammonia were added to 1 mol. of silver nitrate 
the precipitate formed redissolved. That the substances in these 
proportions do enter into some kind of reaction has been shown by 


the following physicochemical methods: cryoscopy and _ con- 


ductivity (Reychler, Ber., 1883, 16, 2421; 1895, 28, 555), measure- 
ments of partial pressure of ammonia (Konowalov, Z. physikal. 
Chem., 1898, 28, 558; Gans, Z. anorg. Chem., 1900, 25, 236), thermo- 
chemical measurements (Berthelot and Delépine, Compt. rend., 
1899, 129, 326; Bruni and Levi, Gazzetta, 1917, 47, i, 259), and 
transference number determinations (Whitney and Melcher, J. Amer. 
Chem. Soc., 1903, 25, 70). The current view that silver exists in 
ammoniacal solutions as a complex kation, each silver atom being 
associated with two molecules of ammonia, originated in the work 
of Bodlander and Fittig (2. physikal. Chem., 1901, 39, 597), who 
showed by an application of the mass law that the solubility of 
silver chloride in ammonia could be accounted for if the silver were 
assumed to pass into a complex ion, Ag(NH3),, the values of x 
actually varying from 1-67 to 2:22. Little appears to be known 
of the process of formation of the complex, and consequently the 
experiments described in the second portion of this paper have 
been performed. 


EXPERIMENTAL. 
1. Electrometric Titration with the Silver Electrode of Silver 
Nitrate with Sodium Hydroxide. 

The precipitation of silver oxide was studied by means of the 
following concentration cell, the Ag|N/10-AgNO, serving as the 
standard half-element; the other silver electrode dipped in the 
solution which was being titrated : 


AgjNV /10-AgNO,|_ saturated | 100 c.c. of 0-:02M-AgNO,] Ag. 
KNO, solution} -++ x c.c. of 0-1N-NaOH 

The alkali was added very slowly and before each measurement was 
made the mixture was thoroughly stirred. Steady and reproducible 
E.M.F.’s were readily obtained. The two electrodes, made from 
the same piece of silver wire, were fused into glass tubes so that 
lengths of 2 cm. were exposed, and covered electrolytically with 
layers of finely divided silver from silver nitrate solution. Checked 
against a normal calomel electrode, saturated potassium nitrate 
being used as junction liquid, they gave a normal electrode potential 
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of 0-802 volt at 20°, in good agreement with the accepted value, 0-80. 
H.M.F. of Ag|N/10-AgNO,|Saturated KNO,JN-Calomel = 0-456 
volt. Therefore H, of AgjN/10-AgNO, = 0-739. The dissociation 
of silver nitrate in N/10-solution being taken as 81-4°%, E;, = 0-739 
= 1, + RT log [Ag’]/nF = ,H, — 0-063; and consequently ,H, = 
0-802 volt. The results obtained are plotted in Fig. 1, curve A. _ 

The precipitate formed during the addition of the first 10 c.c. 
of alkali was white, but immediately became brown. A little 
remained in colloidal suspension until 7 c.c. more than the theoretical 
amount of alkali had been added. 

The dotted line (Fig. 1) represents the change in silver-ion con- 


Fic. 1. 


O35 


0-2) 


5 
Silver-ion concentration. 


Sitver Evectrope te 


TITRATIONS 100 «. 
0.02M_AgNO; wilh 
A) W40Na 0H, (8 NoN4,0H. 


E.M.F. of silver electrode against Ag|N/10-AgNO,. 


30,140 50. «60 Yo BO 
C.c. of 0°1N-alkalt. 
centration calculated on the assumption that precipitation had 
effected a proportional diminution in the silver-ion concentration 
of the mother-liquor. The observed and the theoretical curves 
are coincident for the first 15 c.c. of alkali, but thereafter the dotted 
curve lies a little lower, which may be due to the carrying down of 
silver nitrate by the precipitate. Silver nitrate in the precipitate 
would tend to become a “ solution link’? (compare Thomas and 
Freiden, J. Amer. Chem. Soc., 1923, 45, 2522) and its presence 
would account for some silver oxide remaining in colloidal solution. 
Much of the undecomposed silver ‘nitrate was readily attacked, as 
will be seen from the great change in silver-ion concentration which 
took place at the point corresponding to the stoicheiometrical 
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amount of sodium hydroxide. There probably still remained a 
trace of unattacked silver nitrate, although too small to be shown 
in the diagram, for the colloidal solution was not decomposed until 
7 c.c. excess of alkali had been added. This suggestion may account 
for the high initial values of the solubility product of silver hydroxide 
given in Table I. If the formation of such a colloidal solution is 
due to a stabilising influence, tending to increase the solubility of 
the dispersed particles, such as may be created by the silver oxide 
particles containing some undecomposed silver nitrate, it would 
be expected that silver hydroxide would be more soluble when a 
part of it is in colloidal solution than when it is not. 

The silver-ion concentrations were calculated from the equation 
Eos. = — 0-063 — 0-058 log [Ag’], and the hydroxyl-ion concen- 
trations from the excess of alkali added, complete dissociation 
being assumed. On introducing corrections for dissociation, the 
solubility products are diminished by about 0-1 x 10°8 in every case. 


TaBie I. 
v =ce. of 0-1N-sodium hydroxide added. 
[Ag’] Led [Ag lee [Ag*] [OH] ip eve 
ti, EE 10, 0.) MBs XX 107.) X8108: 


20°5 0-171 925 A i . i 35:0 0-279 12-7 111 1 v4 
21:0 0-191 418 8-26 3°45 40-1 0-285 9-98 143 1-43 
22:0 0-208 212 16-4 3°48 50-1 0-293 7-46 200 1-49 
23:0 0-231 85-3 24-4 2-08 60:0 0-300 5-51 250 1-38 
24:0 0-241 57-3 32-3 1-85 71-1 0-303 489 289 1-46 
25:0 0-250 40-2 40-0 1-68 80:0 0:303 4:89 333 1-63 
27-62 0-263 24:0 59-4 1-43 90:0 00-3045 4:60 368 1-70 
30:0 0-269 18-9 76-9 1-45 100-0 0-306 4:35 400 1-74 


The average value of [Ag’][OH’] is 1-51 x 10°8 for the last ten 
determinations and 1-44 x 10°8 for values of v from 27-62 to 71-1. 
Béttger (Z. physikal. Chem., 1903, 46, 521) found the value 1-52 x 
10°8 from conductivity measurements at 20°, and Jellinek and 
Gordon (ibid., 1924, 1412, 212) the lower values 5:5 and 7:3 x 10° 
from H.M.F. measurements of Ag|Ag,O,cNaOH. The cause of 
the discrepancy between these two results, and of their exceptional 
lowness, can be traced to the erratic behaviour of the silver electrode 
in presence of silver oxide in alkaline solutions, which Luther and 
Pokorny (Z. anorg. Chem., 1908, 57, 290) and Buehrer (cited in 
Lewis and Randall’s ‘‘ Thermodynamics,” 1923, p. 483), who 
observed it, are inclined to attribute to reduction of the silver oxide 
at the expense of the electrode. 

The behaviour of the AgjAg,O,NaOH electrode during the 
titration may perhaps best be studied from a consideration of the 
voltages of the oxygen—-hydrogen cell, as several attempts have 
been made to arrive practically at its H.M.F. through measurements 
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of the silver electrode in question. Nernst and Wartenberg 
(Z. physikal. Chem., 1906, 56, 534) found, by extrapolation from 
the results obtained in their classical researches on the dissociation 
of steam at high temperatures, that the potential difference of the 
oxygen—hydrogen cell at the ordinary temperature could be cal- 
culated from the expression E.M.F. = 1-232 — 0-00085 (¢° — 17), 
and therefore the H.M.F. at 20° should be 1-229 volts. G. N. Lewis 
(J. Amer. Chem. Soc., 1906, 28, 158) calculated that the P.D. of 
O,[NaOH,Ag,O]Ag is 0-049 volt at 25° from the dissociation pres- 
sures of silver oxide at high temperatures, which have since been 
confirmed by Keyes and Hara (ibid., 1922, 44, 479), the essential 
assumption being that no allotropic change in the silver oxide takes 
place on heating. Hence, the #.M.F. of O,]— JH, being 1-229 
volts at 20°, and calculation showing that the E.M.F. of 
O,JNaOH,Ag,O]Ag at 20° is the same as at 25°, the E.M-F. of 
Ag|Ag,0,NaOH]H, should be 1-180 volts at 20°. Using Bottger’s 
value of the solubility product of silver hydroxide at 25°, Lewis 
calculated that the P.D. at 25°. of the last combination should be 
1-168 volts, and consequently that of the oxy-hydrogen cell should 
be 1-217 volts. Converted by means of the temperature coefficient 
given in Nernst and Wartenberg’s equation, these P.D.’s become 
1-172 and 1-221 volts at 20°, respectively. Luther and Pokorny 
(Joc. cit.) found by direct experiment that the initial voltage of 
Ag|Ag,O(electrolytically prepared), NaOH|H, was 1-172 volts at 25° 
(z.e., 1-176 volts at 20°). 

Table II gives the P.D.’s of the AgJAg,0,NaOHJH, combination 
calculated for various stages of the titration, from which the 
E.M.F.’s of the oxygen-hydrogen cell were obtained by adding 
0-049 volt (vide supra). 


TasreE IT. 

C.c. of Ey, Hy, E.M.F. E.M.F. 

N/10-NaOH. AglAg,0O,NaOH. H,|NaOH. Ag'Ag,O,NaOHfH,. O,j—|H,. 
20-5 0-568 — 0-621 1-189 1-238 
22-0 0-531 — 0-655 1-186 1-235 
25-0 0-489 —0-681 1-167 1-216 
30 0-470 — 0-700 1-170 1-219 
40 0-450 —0-710 1-164 1-213 
60 0-439 — 0-724 1-163 1-212 
80 0-436 —0:731 1-167 1-216 
90 0-435 —0°735 1-170 1-219 
100 0-433 — 0-736 1-169 1-218 


Mean 1-167 1-216 


The £;, of AgjAg,0,NaOH was found by subtracting the observed 
voltages given in Table I from 0-739, the EZ, of Ag|N’/10-AgNOz, it 
being assumed that the junction of saturated potassium nitrate 
solution reduced the diffusion potential to negligible dimensions. 
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The #,’s of the hydrogen electrode in alkaline solutions were 
calculated from the formula EH, — 0-0581 log [H*], Ky at 20° being 


_ 10°”, and the sodium hydroxide being regarded as completely dis- 


sociated. On correcting for ionisation, the values become 2 to 3 
millivolts less negative. 

The first two P.D.’s of the oxygen—hydrogen cell are greater 
than the value, 1-229 volts, found by Nernst and Wartenberg (loc. 
cit.). The discrepancy may be due to a slightly increased solubility 


_ of the silver oxide through some having been in colloidal solution, 


and possibly also to some extent to the fact that precipitation had 
only just ended and consequently any reduction which might have 
taken place would be at a minimum. 

Save for the first two values, the £.M.F.’s of the 
Ag|Ag,0,NaOH]H, range from 1-163 to 1-170 volts. The average 
value, 1-167 volts, is 13 millivolts less than the one given by Nernst 
and Wartenberg, 5 mv. less than that of Lewis, and 9 mv. less than 
the initial value of Luther and Pokorny for electrolytic silver oxide. 

Rordam (Z. physikal. Chem., 1921, 99, 474) has determined the 


| P.D’s of many cells, Ag|Ag,O,alkalifH,, in which both barium 
_ and sodium hydroxides were employed and also samples of silver 
_ oxide which had been subjected to a variety of treatments. With 


—— 


precipitated oxides, the #.M.F.’s varied from 1-137 to 1-155 volts 
at 25°, or from 1-141 to 1-159 at 20°, the higher values being obtained 
with those oxides which had not been separated from the solutions 
from which they were precipitated. On the other hand, by electro- 
lysing a sodium hydroxide solution between a platinised platinum 


_ kathode and a silver anode, he found that, after the current had 


been flowing for a few minutes, the H.M.F. measured immediately 


_ after it was stopped varied between 1-171 and 1-177 volts at 25° 


(2.e., 1-175 to 1:181 volts at 20°), the kathode becoming in effect a 
hydrogen electrode. The highest value agreed with the value 
extrapolated from the work of Nernst and Wartenberg and Lewis. 

The values given in Table II of the E.M.F.’s of the 


_ AglAg,O,NaOH]H, fall between those indicated by Rerdam’s 


measurements. It is significant that the highest value for pre- 
cipitated oxides, corresponding to 1-159 volts at 20°, indicated by 
Rerdam’s work was obtained with silver oxide which had not been 
removed from the solution in which it was precipitated. The 


_ higher #.M.F.’s of the present author may be due to the fact that 
_ they were measured within a few moments of precipitation. If the 


ae 


lowness of the AglAg,O,NaOH results is due, as suggested by 
Buehrer and Luther and Pokorny, to reduction, it would appear that 
the higher values obtained in this work were due to reduction having 
taken place to a smaller extent than in the experiments of Rordam. 


2962 BRITTON: ELECTROMETRIC STUDY OF THE REACTIONS 


Strangely enough, Rerdam attributed the low results given by 
precipitated oxides, as compared with those given by the electro- 
lytic oxide, to the existence of two different modifications of silver 
oxide, having different dissociation pressures, and by means of 
the Nernst heat theorem he calculated the transformation tem- 
perature to be 132°. For the purpose of calculation, he took 
1-143 volts at 25° to be the #.M.F. of | 

Ag|Ag,O(precipitated), NaOH]H, 

in spite of the wide variation in his experimental values, viz., from 
1-137 to 1:155. He considered that the precipitated oxides were 
the forms stable below 132° and that the electrolytic oxide was 
metastable at the ordinary temperature but stable above 132°. 
For this reason, the method adopted by Lewis in his calculation 
of the P.D. of O,jNaOH,Ag,O]Ag was held to be inadmissible. 
This hypothesis does not account for the #.M.F.’s found in this 
work, which, as already stated, lie between those obtained with 
the two supposed forms of silver oxide. The variable results 
obtained with the Ag|Ag,O,alkali electrode, especially after standing 
for some time, appear to be best accounted for by reduction. The 
low solubility products obtained by Jellinek and Gordon (loc. cit.) 
were probably due to this cause, especially if the exceptionally low 
values of the extrapolated P.D.’s of the AglAg,O,NaOHfH, cell 
be considered, in one case 1-150 volts at 20° and in another 
1-139. 


TasieE III. 
Mols. AgOH 
per litre [Ag’][OH’] 
Temp. Method. x 104. x 108. Observer. 
20° ~=Analysis. 1-48—1-85 2:2—3:4 Whitby, 1910. 
Conductivity. 1-23 1-52 Bottger, 1903. 
E.M.F. 0-7—0-9 0-6—0:7 Jellinek and Gordon, 
1924, 
Py 1-2 1-5 Britton, this paper. 
Calculation. 1-67 2:78 cp. he 
25° ~=—s Analysis. 1-73—2-26 3:0—5-1 *Noyes and Kohr, 1902. 
*s 4-3—5-9 18-6—34-9 +Rebiere, 1915. 
Equilibria. 1-5 2-25 Noyes and Kohr, 1902. 
Ae 1:8 3:2 Abegg and Cox, 1903. 
Conductivity. 1-39 1-93 Béttger, 1903. 
i.M.F. 0-95 0-9 ‘Cale. from the data of 
Abegg and Cox, 1903. 
Calculation. 1-66 2:74 Britton, this paper. 


* J. Amer. Chem. Soc., 1902, 42, 336. 

t Rebiére’s values (Bull. Soc. chim., 1915, 17, 309) are probably twice too 
high, for he states that his lowest value agrees with Noyes’s average value. 

¢{ Rordam showed that the #.M.F. of Ag Ag,O,N/10-Ba(OH),JH, (com- 
pare Abegg and Cox, Z. physikal. Chem., 1903, 46, 1) on which this calculation 
was based was 1-140 volts, thereby accounting for the low value of the 
solubility product. | 
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The solubility products given in Table I, when considered in 
_ connexion with the #.M.F.’s of the AgfAg,O,NaOH|H, com- 
_ bination, appear to be lower than would be expected from the 
fundamental calculations of Nernst and Wartenberg and Lewis. 
_ Had the electrode been satisfactory, the potential difference of the 
_ combination should have been 1-229 — 0-049 = 1-180 volts at 20°, 
from which it follows that [Ag’][OH’] = 2-78 x 10-8 at 20°. The 
theoretical potential difference of Ag|Ag,0,H,OJH, at 25° is 1-176 
- volts, which gives [Ag"][OH’] = 2:74 x 10°8 at that temperature. 
__ Analytical determinations of the solubility of silver oxide have 
_ given widely differing results, which were dependent on the length 
_ of time allowed for the attainment of equilibrium and on the 
_ method of preparation of the oxide. Whitby (Z. anorg. Chem., 
_ 1910, 47, 107) found that at 20° silver oxide required 14 days to 
attain equilibrium with water. Table III gives a comparison of 
the results obtained at 20° and 25° by chemical and physical 
methods. The solubility products have been calculated on the 
assumption that the dissolved silver oxide was completely ionised. 
At both temperatures the data obtained by direct analysis are 
higher than those obtained by physical methods. This may 
perhaps be partly due to incomplete dissociation of the silver oxide. 
The variable results obtained by Z.M.F. methods show that these 
are unsatisfactory. The author’s value at 20° is probably low and 
yet agrees with that of Béttger. Bdéttger’s value at 25° was used 
_by Lewis in his fundamental calculation of the E.M.F. of the 
_ oxygen-hydrogen cell, and, contrary to the contention of Rordam, 
the low value he obtained is probably thus accounted for. 


2. Electrometric Titrations of Silver Nitrate with Ammonium 
_ Hydroxide by means of (a) the Oxygen Electrode, and (b) the Silver 
Electrode. 

Although the oxygen electrode is affected by the presence of 
silver oxide, it can be used to indicate any pronounced changes in 
_hydrogen-ion concentration which may take place when alkalis are 

added to silver salt solutions (this vol., p. 2148). The change in 
hydrogen-ion concentration occurring during the formation of the 
silver ammonia complex from silver nitrate and ammonia. has there- 
fore been followed with its aid. 

0:02M-Silver nitrate (100 c.c.) was titrated with 0-1027N- 
ammonium hydroxide at 18°, the oxygen electrode and the normal 
calomel electrode being used with saturated potassium nitrate 
solution as junction liquid. In Fig. 2, the observed H.M.F.’s are 
plotted against the quantities of ammonia added. The propor- 
tional hydrion scale affixed to the diagram is based on colorimetric 
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measurements, by Gillespie’s drop-method (J. Amer. Chem. Soc., 
1920, 42, 742), of the hydrion concentrations of the solution at the 
beginning and the end of the titration. The scale showed hydrion 
concentrations at various stages of the titration which were in 
accord with those given by indicators. 

The curve shows that the first drop of ammonia produced a 
sudden increase in pq and that precipitation began when 1 c.c. had 
been added. The addition of more ammonia caused a further 
diminution in hydrogen-ion concentration until the pg (approx. 9) 

Fie. 2. 
O-35 


Oxyeen ELectRone 


TITRATION. 100 CC. 
0:02 M-AqgN03 | with Z 


Pam 
0 1027N-NH40 A Pot. dissolved. 10 


E.M.F. of oxygen electrode against N-calomel. 
Approximate pu scale, 


| 20 40: ait 
O.c. of 0.1027N-NH,OH 

was reached at which silver oxide is normally precipitated. The 
change thereafter was a gradual one, until 1 mol. of ammonia 
(per mol. of silver nitrate) had been added; a small but definite 
inflexion then occurred, and was followed by another when 2 mols. 
of ammonia had been added. At this stage the precipitate had 
completely dissolved. Draper (loc. cit.) noted that solutions con- 
taining the reactants in these proportions were strongly alkaline 
to turmeric and phenolphthalein, 1.e., above pz 8. 

It might be imagined from the nature of the curve that the first 
section, corresponding to the addition of the first mol. of ammonia, 
represents the complete precipitation of silver oxide, and the second - 
section its reaction with one mol. of ammonia to form a soluble 
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monoammino-silver complex. The precipitation, however, was 
far from complete during the first part; and if a little, but sufficient, 
nitric acid had been added to a silver nitrate solution treatment 
_ with ammonia produced no precipitate. Moreover, moist silver 
_ oxide is readily soluble in ammonium nitrate solution, and in an 
amount that suggests the formation of AgNO;,NH;. The silver 
oxide precipitated on mixing equal volumes of N/10-silver nitrate 
and N/10-sodium hydroxide dissolved completely at room tem- 
- perature in quantities of N/20-ammonium nitrate corresponding 
to the ratios 1 mol. AgOH :1-1—1-2 mols. NH,NO,. The solutions 
: had py about 8 and did not decompose on boiling. The silver-ion 
| concentration of the solutions was comparatively large, e.g., a 
solution composed of 20 c.c. of 0:1N-sodium hydroxide, 20 c.c. of 
 0-1N-silver nitrate, and 45 c.c. of 0-05N-ammonium nitrate con- 
tained 33-5% of the total silver present as silver ions. This may 
_ have been due to the presence of a highly dissociated monoammino- 
silver complex or of some silver nitrate and some diammino-complex. 
. Reychler (Ber., 1883, 16, 990) and Draper (loc. cit.) found that 
_ ammonia, if added in small quantities, caused partial precipitation 
of silver oxide from silver nitrate solution. In order to study this 
reaction more fully, the percentage amounts of silver oxide pre- 
cipitated at different stages of the titration were determined. 
_ The results are in Table IV, and are shown diagrammatically in 
Fig. 2. 
TasueE IV. 
| 
| 
. 


C.c. of Ppted. Ag,O as percentage 
0-1027N- Mols. NH,OH/ + Ag,O pptd. of the amount theor. 
NH,OH8. Mols. AgNO . pia precipitable. 

1-95 0-1 “2 22-0 
. 3 10-6 
3 7:3 
3 


— 
eo) 
Ot 

Nee © 
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No precipitation with ammonia occurred when the solution con- 
tained nitric acid in quantities greater than 0-05 mol. for 1 mol. 
of silver nitrate. 

It appears that, although the solution had attained the py neces- 
sary for the precipitation of silver oxide, another reaction was taking 
place which withdrew from the solution some of the silver ions 
that ordinarily would have been precipitated. This may be seen 
from curve B in Fig. 1, which represents the titration of 100 c.c. 
of 0-02M-silver nitrate with N/10-ammonia with the aid of the 
silver electrode, carried out at 18° in the same way as the sodium 
hydroxide titration. The portions of the curves A and B correspond- 
ing to the addition of the first 15 c.c. of alkali are almost identical 
in spite of the partial precipitation produced by the ammonia. This 
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indicates that silver ions were being removed from solution mainly 
owing to complex formation. A small inflexion occurred when 1 mol. 
of ammonia had been added. Calculation from the data of Figs. 1 
and 2 shows that the product [Ag*][OH’] became less and less 
during the addition of the second molecule of ammonia; when 
the addition was complete, its value was 0-6 x 108, which is less” 
than the solubility product of silver hydroxide and thus accounts 
for the re-solution. The main inflexion occurred when 2 mols. of 
ammonia had been added. Bruni and Levi (Gazzetta, 1917, 47, 
i, 259) made, among their measurements with the silver electrode, 
four on solutions containing less than 2 mols. of ammonia for 1 mol. 
of silver nitrate. Their results show that a sharp diminution in 
silver-ion concentration takes place when between 1-5 and 2 mols. 
of ammonia have been added. 

The inflexion (Fig. 2) which occurred when 1 mol. of ammonia ~ 
had been added may probably be accounted for by the fact that at 
that point the precipitation reaction stopped, and consequently 
the destruction of hydroxyl ions ceased. The slight inflexion in 
the silver-ion curve (B, Fig. 1) may be due to the two reactions, 
taking place during the addition of the first molecule of ammonia 
and causing precipitation and complex formation, being followed 
by complex formation only, which effects solution of the precipitate. 

An attempt has been made to account for the silver-ion concen- 
trations measured during the addition of the first 2 mols. of ammonia. 
The reactions were assumed to be (1) AgNO,-+NH,OH —> 
AgOH + NH,NO,, and (2) AgNO, + 2NH, == Ag(NH,),NO3. 
The amount of ammonia required for the precipitation of the silver 
oxide having been subtracted from the total amount of ammonia 
added, the remainder was regarded as having been converted entirely 
into the complex salt Ag(NH,),NO,. The concentration of silver 
nitrate originally present being known, the concentration of 
unchanged silver nitrate could be calculated. The results are in 
Table V. The concentrations of free ammonia given in the last 
column were calculated from the expression [Ag’][NH,]?/ 
[Ag(NH,), ] = 2-2 x 10° (vide infra). 


TABLE VY. 
NH,OH8 added. 
ae Tae LE ich ORE Conc. of 
Mols. per Ag ions Ag,O Cone. of | Conc. of Cale. cone. 
mol. of found ppted. Ag(NH,),NO,; AgNO, of free NH; 
9 x. LOF 


C.c. AgNO. x 10%. Ys i LOR x. 10% 

2 0-1 170 2:2 7:6 180 0-21 
10 0-5 85 5:3 41 130 1-0 
20 1-0 30 7:3 77 77 2-4 
30 1:5 12 5:3 110 34 4-5 
40 2:0 0-57 0 140 0 23 
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It will be observed that the concentrations of silver ions and silver 
nitrate were of the same order, although the former became appre- 
ciably smaller as the quantity of added ammonia increased. The 
dissociation constant of ammonium hydroxide being taken as 
2-3 x 10°, the hydroxyl-ion concentration in equilibrium with the 
free ammonia present when 2 mols. had been added was 10364, 
and therefore py was 10-5, as compared with 10-2 shown by the 
scale in Fig. 2. If it be assumed that the concentration of ammon- 

ium nitrate in the solution when 1:5 mols. of ammonia had been 
added was equivalent to the amount of silver oxide precipitated, 
it can be shown that the amount of free ammonia, 4-5 x 1074, 
should have produced py 9-3 (9-6; Fig. 2). The hydrogen-ion 
concentration prevailing in the earlier part of the titration was 
undoubtedly controlled by the hydroxyl ions originating from the 
precipitated silver oxide. The effect of a little nitric acid in a silver 
nitrate solution in preventing the precipitation of silver oxide with 
ammonia appears to be due to the depressing influence of the 
ammonium nitrate on the ionisation of the ammonium hydroxide. 

It thus seems probable that the complex silver compound ultim- 
ately formed required 2 mols. of ammonia for its formation. The 
results in Table VI refer to the solutions which contained ammonia 
In excess of 2-mols. For the purpose of calculation, the ammonia 
in excess of 2 mols. was assumed to be in the uncombined state, 
the small dissociation of the ammonium hydroxide was disregarded, 
and the complex silver salt was taken as being completely dis- 
sociated thus: Ag(NH;),NO, == Ag(NH3).° + NO,’. The data 
used are those represented graphically in curve B (Fig. 1), and the 
concentration of silver ions was calculated from the formula 
£ = — 0-063 — 0-0577 log [Ag’]. 


TABLE VI. 
C.c. of [Ag*][NH,]?/ 
N /10- [Ag(NHs),"] [Ag(NH;),°] 
NH;/AgNO3. NH,OH. £.M.F. [Ag’]. x10 [NEGT. 105. 

2-26 45-1 0-217 1-40 x 10° 13-9 0:0035 1-26 
2-5 ' 50-0 0-248 4:07 x 10° 13-3 00-0067 1:36 
3:0 60-0 0-275 1:39 x 10-6 12-5 0:0125 1-74 
OP?) 70-0 0-286 90 x 10” 11-8 0:0177 2°38 
4-0 80-0 0-295 6-3) ioe 1077 11-1 0:0222 2-78 
4:5 90-0 0-307 . 3-8 x 10- 10-5 0:0263 2-50 
5:0 100-0 0-317 2:6 x 107 10-0 0-030 2°33 
104 — 0-490 2-9 x 10-10 9-5 0:971 2:90 
Mean 2-2 


The values of K appear to confirm the existence of the diammino- 
silver compound in ammoniacal solutions. The first three low 
values of K refer to solutions in which a rapid change in silver-ion 
concentration was taking place, as shown in curve B (Fig. 1). 


} 
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These values being omitted, the table shows that there is little 
variation in the constant, even although the molar ratio NH;/AgNOg, 
varies from 2 to 104. Calculation from Bruni and Levi's #.M.P. 
measurements (Joc. cit.) shows not only that the silver-ion con- 
centration in ammoniacal solutions becomes extremely small, but 
also that the constant K of the supposed complex kation is similar 
to that found above. They measured the H.M.F.’s of a series of 
cells of the type Ag|N/10-AgNO,| V/10-NaNO;| NV /10-Calomel (A) — 
aN-NH,0OH 
at 15°. The E.M.F. of the combination Ag|N/10-AgNO,|N /10- 
NaNO,|N/10-Calomel was 0-407 volt (B). The difference of the 
E.M.F.’s of A and B gives the H.M.F. of the concentration cell 


Ag|N/10-AgNO,|N/10-NaNO,| NV /10-AgNOg| Ag, from which the 
aN -NH,OH 
concentrations of silver ions were found by means of H = — 0-063 


— 0-0571 log [Ag’]. Table VII was compiled from the measure- 
ments of Bruni and Levi. 


TABLE VII. 
E.M.F. K =[Ag’ ][NH,/]? 
Free against [Ag(NH,).°] 
NH,/AgNO,. [Ag(NHs),"]. NHs. N /10-Cal. [Ag’]. * 108. 
2-5 0-1 0-05 +0111 5-8 x 10-7 1-45 
4:0 0-1 0-2 -+0:049 4:9 x 10° 1:95 — 
5-0 0-1 0:3 +0:029 22 Ko 1:95 
6:67 0-1 0-467 + 0-002 7B. bee 1-66 
10 0-1 0:8: —0-017 3-4 x 10°° 2-19 
20 0-1 1:8 — 0-055 7-6°x 190-4 2-46 
30 0-1 2-8 —0-077 3:0 x. 10-44 2°35 
40 0-1 3°8 —0-093 1-6 x 10-19 2-35 
50 0-1 4:8 — 0-107 9-6 x 107-14 2-19 
60 0-1 5:8 ~—0:119.. 7-6 ix 10-4 2-57 
70 0-1 6-8 —0-129 6-2 x 10712 2-82 
80 0-1 7:8 —0-138 5-0 x 10714 3°02 
100 0-1 9°83 — 0-156 3-5 x 10-4 3°31 
Mean 2°3 


Bruni and Levi’s data refer to solutions, decimolar with respect 
to silver nitrate, but the ammonia content of which varied con- 
tinuously from 0-25 to 10-0N. The results in Tables VII and Viil 
show that silver nitrate solutions varying in concentration from 
0-0095M to 0:1M, when rendered ammoniacal from 2- to 100-fold, 
contain the Ag(NH,),” kation, the dissociation constant of which is 
2-2 x 108 approximately. Itis probable that the base Ag(NH;),0H 
is much stronger than ammonium hydroxide and consequently the 
salt Ag(NH,),.NO, exists in solution. 

Bruni and Levi also measured the potential differences between 
a silver electrode immersed in various ammoniacal solutions of 
silver nitrite and a decinormal calomel electrode at 15°, using 
N/10-sodium nitrite as junction liquid. In view of the stability of : 


| 
| 
| 
| 
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the diammino-silver kation when attached to the nitrate ion, the 
data on nitrite solutions were considered of especial interest in 
that they might serve to show the behaviour of the complex kation 
when combined with another anion. Its dissociation constant has 
been calculated and the results obtained are in Table VIII. The 
silver-ion concentrations were calculated from E (obs.) = 0-463 — 
0-0571 log [Ag*], in which the off, of silver was taken as 0-800 volt, 
and EH, of N/10-calomel as 0-337 volt. 


Taste VIII. 
E.M.F. i =[Ag’*][NH,]?/ 
Free against [Ag(NH3),°] 
NH,/AgNO,. [Ag(NH,),"]. NH;. N/10-Cal. [Ag’]. Keres 

"2°5 0-02 0-01 +0-:169 6-9 x 10-6 3-46 
4-1 0-02 0-0407 +0:098 4-1 x 10” 3-37 
5 0-02 0-060 aU.) 127 e107 2-99 
6:7 0:02 0-0933 +0:041 4-1 x 10-8 See 
10 0-02 0-160 “0,019 1-7, 10-8 2:17 
20 0-02 0-360 —0:019 3-6 x 10-9 2°36 
30 0-02 0-559 —0:043 9-8 x 10-10 1-52 
40 0-02 0-760 —0:055 8-7 x 10-10 2-52 
50 0-02 0-960 —0:065 5-6 x 10-10 2-59 
Mean 2:5 


The results in Table VIII show that the silver-ion concentrations 
in ammoniacal solutions of silver nitrite are due to the dissociation 
of a diammino-silver complex, the dissociation constant of which is 
2-5 x 10°, and is therefore independent of the anion. 

Kohlschiitter and Fischmann (Annalen, 1912, 387, 94) made some 
electrometric determinations on ammoniacal solutions of silver 
nitrate, but their data, on calculation, fail to give any constancy for 
K. The only other solutions in which the existence of the complex 
kation has been established by proving that K is a constant are 
ammoniacal solutions of silver chloride, which Bodlinder and 
Fittig (Z. physikal. Chem., 1902, 39, 597) found to give K equal to 
7°88 x 10°8, and ammoniacal solutions of silver oxide, for which 
Euler (Ber., 1903, 36, 1854, 2878) obtained values of K ranging 
from 3-4 to 6-4 x 10°8 at 16° when the ammonia was in large excess, 
and from 1-5 to 1:67 x 10°8 when the excess was small. 


Summary. 

(1) The precipitation of silver oxide with sodium hydroxide 
has been studied electrometrically, and the solubility product 
[Ag’][OH’] calculated. 

(2) The behaviour of the silver electrode in alkaline solutions 
containing suspended silver oxide has been discussed, and Rerdam’s 
view that two modifications of silver oxide exist shown to be 
improbable. 

(3) The value of the #.M.F. of the oxygen—hydrogen cell 
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found by Lewis is low, probably because a low value was taken 
for [Ag ][OH’]. 

(4) The reaction between silver nitrate and ammonia has been 
studied and further evidence of the existence of the complex 
kation Ag(NH,), obtained. 
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NOTES. 


Preparation of p-Bromophenylhydrocylamine by the Emulsification 
Process. A Modification. By Ropert Downs HaworTH and 
ARTHUR LAPWORTH. 


Iv has been found that the reduction of pure p-bromonitrobenzene 
is often quite unsuccessful if carried out as previously described. 
(J., 1921, 149, 770). The following modification of the original 
method, however, usually gives a yield of p-bromophenylhydroxyl- 
amine nearly the same as that originally obtained but involves the 
use of more solvent benzene and preferably also more reducing 
solution. It is essential that the sodium sulphide crystals used in 
making the reducing solution should be of good quality. 

»-Bromonitrobenzene (5 g.), benzene (40 c.c.), the hydrosulphide 
solution (120 g., prepared as formerly described, loc. cit., p. 769), 
and calcium chloride (5 g., in a little water) are emulsified. Crystals 
soon separate and, after 14 hours, solid ammonium chloride (5 g.) 
is added, the whole shaken, and the precipitated p-bromophenyl- 
hydroxylamine (about 2-9 g.) collected and washed with water. 
The benzene layer of the filtrate is separated, washed with water, 
dried over anhydrous sodium sulphate, and carefully diluted with 
petroleum (b. p. 40—60°); a further crop (about 0-5 g.) of the 
hydroxylamine is then obtained. 

Three experiments carried out in the above way gave total yields. 
of 2-7 g., 3-4 g., and 3:3 g., respectively, of p-bromophenylhydroxyl- 
amine. With the smaller quantity (52 g.) of sodium hydrosulphide 
solution previously advised, the yields in five experiments were 
2-43-2 g—Tue University, Mancuester. [Received, November 
24th, 1925.] | : 
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Action of Hydrazine Hydrate on Phenanthraquinone. A Correction. 
By Srxuipyusnan Dorr. 


Ir was stated by Dutt and Sen (J., 1923, 123, 3420) that phen- 
anthrone is the sole product obtained from phenanthraquinone by 
the action of hydrazine hydrate. In subsequent experiments with 
commercial hydrazine hydrate (50%) 9: 10-dihydroxyphen- 
anthrene (m. p. 147°) was almost exclusively obtained instead of 
phenanthrone. 

Fortunately, a small quantity of the original ‘“ hydrazine 
hydrate ” in a sealed tube wag available and this was found to be 
incorrectly labelled, the substance being actually pure anhydrous 
hydrazine. Further experiments have shown that, when anhydrous 
hydrazine is allowed to react with phenanthraquinone in absolute 
alcohol, phenanthrone is obtained in good yield and that, when 
small quantities of moisture are present or when ordinary com- 
mercial hydrazine hydrate is employed, 9: 10-dihydroxyphen- 
anthrene is almost the sole product. 7 

The error was made through unavoidable circumstances, but is 
none the less regretted.—ImMpERIAL CoLLEGE, SoutH KEnsinerton, 
S.W. 7. [Received, November 28th, 1925.] 


The Aluminioxalates of some Optically Active Bases. By Tuomas 
Bruce Cup, Euwyn Roserts, and Eustace EBENEZER TURNER. 


Compounps of the aluminioxalate type, derived from the acid 
H,Al(C,0,)3, should be capable of resolution into optically active 
forms. This hag been attempted by means of active bases. 
Strychnine Aluminioxalate.—Barium aluminioxalate (Burrows and 
Walker, J., 1923, 4123, 2738) twice crystallised from water was 
warmed with the calculated quantity of aqueous strychnine sulphate. 
Che precipitate of barium sulphate and strychnine aluminioxalate 
vas extracted with boiling water, and the extract allowed to 
rystallise. Different crops had [a] —24:0° to —21-0° in 50% 
‘queous acetone, and formed slender, colourless needles, very 
paringly soluble in water [Found : ‘strychnine, 63-0; C©,0,, 16-6. 
C1H5202N2)3,H3Al(C,0,)3,16HO requires strychnine, 63:4; C,0,, 
6-7%]. When these salts were recrystallised, partial decomposi- 
ion occurred with formation of strychnine oxalate and aluminium 
ydroxide, and no conclusions can be drawn in connexion with 
ny rotational differences observed. 
When a solution of sodium aluminioxalate was treated with 
alf its equivalent of aqueous strychnine hydrochloride a salt was 
obtained which had [«}° —19-0° in 50% aqueous acetone. It was. 
eated with aqueous potassium iodide, and the precipitated strych- 
VOL. CXXVIT. 5H 
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nine hydriodide removed. The resulting solution of potassium 
aluminioxalate contained a trace of colloidal aluminium hydroxide, 
and what optical measurements were possible pointed to the 
inactivity of the solution. 

Crystallisation of strychnine aluminioxalate from acetone gave 
crops of salt having slightly different specific rotations, but | 
consistent results could not be obtained. ; 

1-Menthylamine Aluminioxalate—The barium salt was digested 
at 100° with an aqueous solution of the equivalent quantity (10 g.) 
of /-menthylamine, previously dissolved in the calculated quantity © 
of dilute sulphuric acid. Sufficient water was added to keep all | 
the menthylamine salt in solution, and after filtration from barium | 
sulphate 17 g. of l-menthylamine aluminioxalate separated in well-_ 
defined prisms which were sparingly soluble in water [Found : 
l-menthylamine, 59:2; C,O,, 33:6. (CypH.1N)3,H3Al(C,0,4)3,H20 | 
requires J-menthylamine, 59:9; C,O,4, 34:0%]. This salt had 
[ 0” —28-5° in 50% aqueous acetone. Recrystallisation, which | 
was accompanied by partial decomposition, gave no evidence of 
resolution. 

Treatment of a concentrated solution of sodium aluminioxalate 
with one-third of the equivalent quantity of |-menthylamine sulphate : 
gave a salt having a rotation practically identical with the above. | 

1-Phenylethylamine Aluminioxalate—This salt was prepared by 
digesting the barium salt with the calculated quantity of aqueous 
l-phenylethylamine sulphate at 100° for about an hour, removing| 
the barium sulphate, and evaporating to a small bulk under 
diminished pressure. It crystallised from water, in which it was 
very soluble, in colourless prisms. The main bulk of the salt had 
[ o]" —3-00° in aqueous solution [Found : C,0,, 39-1. 

(CgH,,N)3,H3Al(C,04)3,H,0 
requires C,0,, 39:1%]. After it had been recrystallised four times: 
from water, its rotation was not measurably affected (Found 
l-phenylethylamine, 53:0; C,0,, 39-2. Cale., l-phenylethylamine| 
53-7%). | 

Distrychnine potassium aluminioxalate and d-phenylethylamin 
dipotassium aluminioxalate were also prepared. Their specific 
rotations did not change as a result of repeated recrystallisation 
Cinchonidine aluminioxalate was obtained as a gummy solid whicl 
could not be crystallised. 


The authors wish to thank the Research Fund Committee of thi 
Chemical Society for a grant by means of which the expense 0 
this work has been met.—East LoNDON CoLLEGE, UNIVERSITY 0: 
Lonpon. [Received, September 19th, 1925.] 
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RICHARD BURTLES. 
Born May 25rx, 1900; Diep Juny ORD, 1925. 


RIcHARD BuRTLES was the younger son of the late Alderman Richard 
Burtles of Manchester. He was educated at Manchester Grammar 
School, and at the College of Technology, Manchester. He obtained 
the B.Sc. Tech. degree in July, 1921, being placed in the first 
(Honours) division, and was awarded a Manchester Education 
Committee Research Scholarship. This enabled him to devote a 
year to research, during which he carried out an investigation on 


_ the tautomerism of the diphenylglyoxalines, by which he earned the 


M.Sc.Tech. degree. He was then given a maintenance grant by 


_ the Department of Scientific and Industrial Research, and investig- 
_ ated the preparation of 2-aminoglyoxalines and their behaviour 
‘towards nitrous acid. The patience, skill, and enthusiasm which 


he showed in these researches led to his appointment, in J uly, 1924, 


as the writer’s research assistant. In J anuary, 1925, he took a 
_ position as chemist to the Goodrich Rubber Company, Ltd., of 


Leyland, and held this position until his death, which was due to a 
bicycle accident. 
Burtles was elected a Fellow of the Chemical Society in May, 1923, 


_and published three papers, jointly with the writer, in the Journal 
§(1923, 123, 361; 1925, 127, 581, 2012). He was greatly inter- 


ested in stained glass, no doubt owing to the fact that his father 


had been a glass manufacturer, and contributed articles on “The 


Colouring of Medieval Glass’ and ‘‘ The Decay of Ancient Glass ”’ 


to the Journal of the Manchester University Science Federation 


(1923, 2, i, 18; 1924, 2, ii, 62). He took a useful part in the social 
life of the college, becoming Secretary of the Manchester University 
Science Federation and also of the College of Technology Chemical 
Society, and was very popular with the staff and students. 

During his school career, Burtles underwent training for military 
Service in the Officers Training Corps, and reached the rank of 
lieutenant, but owing to his age he was not called upon to serve 
abroad. 

- Burtles married Vera, daughter of C. E. Chalmers, Esq., of 
Wellington, Salop, in July, 1924, and leaves a son, born a few days 


after his death. , 
F. L. Pyman. 
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REGINALD ARTHUR JOYNER. 


Born January 10TH, 1887; Diep OcToBER 7TH, 1925. 


Dr. RB. A. Joyner lost his life as the result of an accident on _ 
Wednesday, October 7th, 1925, through an explosion in the research _ 


laboratories of Messrs. Nobel’s Explosives Co., Ltd. 


Dr. Joyner studied at University College, Bristol, taking a London 


degree with Honours in Chemistry in 1909, followed by the M.Sc. 


degree of the newly-founded University of Bristol in 1910. His © 
work during this period is recorded in three papers on amalgams of | 


silver and tin published in the Journal of the Chemical Society. 
These exhibit his careful and thorough experimentation and stand 
unaltered. They form the accepted basis of the treatment of dental 
amalgams in modern courses on Dental Metallurgy. 


Joyner proceeded as an 1851 Exhibition Scholar to Zirich and | 


afterwards followed Bredig to the Technische Hochschule, Karls- 
ruhe, where he qualified for the degree of Doctor of Engineering, 


which has seldom been obtained by students from abroad. Bredig | 


recognised his exceptional ability and independent judgment. 


Joyner published two very neat experimental papers; one dealt | 
with the affinity constant of hydrogen peroxide; the other, on the 
catalysis of camphorcarboxylic acid by bases in various solvents, | 
further elucidated the remarkable parallelism between ordinary | 


reactions and life processes, showing a mechanism through which 
optical activity may play its well-known role. 
For 12 years Dr. Joyner served on the Research Staff of Messrs. 


Nobel’s at Ardeer. Most of the important work which he carried | 


out on such war-time problems as mustard gas and explosives is, | 


of course, not available for publication, but an estimate of his | 
unusual experimental skill and scientific acumen may be obtained | 


from a study of the paper which he published in the Journal of the 
Chemical Society on the ‘“‘ Viscosity of Solutions of Cuprammonium.’”’ 


His skill in the field of chemical technology is well illustrated by 
his patented process for the continuous manufacture of hydrazine) 


(Brit. Pat. No. 199750 of 1923). 

Those who came in contact with Joyner must have realised that 
few scientists showed such whole-hearted devotion and enthusiasm. | 
He had many other interests, having been versatile in athletics and 
a keen territorial officer for many years. His straightforward and) 
unassuming personality gained him, not only esteem, but also’ 
affection from all who knew him. In spite of the tragedy of his. 
loss at the age of thirty-eight his widow and three children can) 
look back with pride on his devoted work in the cause of science. — 

J. W. McB. | 
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GUGLIELMO * KORNER. 
Born Apri 20TH, 1839; Diep Marcu 29TH, 1925. 


GUGLIELMO K6rNER was born in Cassel on April 20th, 1839. Having 
completed his course at the Polytechnic, he decided to devote 
himself to chemistry and studied under Will, Kopp, and Engelbach 
at Giessen, where he graduated in 1860. He remained at Giessen 
as assistant for 3 years and shortly after spent a year as student 
under Kekulé at Ghent. Early in 1865 he became assistant to 
Professor Odling at St. Bartholomew’s Hospital; but at the end 
of the year returned to Ghent as private assistant and secretary to 
Kekulé, remaining there until the end of 1867, when the latter 
was elected to the chair of chemistry at Bonn. 

At this time Kekulé was engaged in developing his theory of the 
aromatic compounds and in preparing his treatise on the same 
subject, and with this work Korner was closely associated. It is 
well known that Kekulé regarded his theory merely as a philosophic 
system which connected in a simple fashion the many isolated 
facts of aromatic chemistry and served as a useful means of explain- 
ing their relations; but he failed to grasp to the full extent its 
practical consequences. Kérner, with a clearer and broader out- 
look, foresaw the possibility of establishing the theory on a sound 
experimental basis. 

During his stay at Ghent Ko6rner found time to carry out a 
number of researches, the most important of which were “ the 
synthesis of resorcinol”’ and one entitled ‘“ Faits pour servir & 
la détermination du lieu chimique dans la série aromatique,”’ 
published in 1867. In the preface to the former he points out that 
Kekulé’s theory involves two problems not yet solved. He says, 
“Dans l’étude des cas d’isomerie dans les substances aromatiques 
on peut conséquemment se poser deux problémes principaux : 
on peut d’abord chercher a établir par expérience quels sont les 
corps de méme constitution, c’est-a-dire, dans lesquels la substitu- 
tion se fait 4 des places correspondantes; on peut ensuite spécifier 
-davantage ces places en cherchant par combien d’atomes d’hydrogéne 
elles sont séparées entre elles. Dans sa plus grande généralité, ce 
dernier probléme pourrait s’appeler la détermination du lieu chimique 
de l’atome substituant. . . . La solution du second probléme parait 
& premiére vue inaccessible & l’expérience. Je pense toutefois 
qu’on pourrait y parvenir.””’ He embodies here the idea which 


* Korner was christened Wilhelm and, strictly speaking, should bear that 
Christian name; but as he lived most of his life in Italy and never returned 
to his native land and was known by and published under the name Guglielmo, 
it seems right so to designate him. 
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underlay his life’s work. In the same paper he brought forward 
a new fact in support of Kekulé’s theory: for he succeeded in 
adding to the few di-derivatives, then known in three isomeric 
forms, a new and third iodophenol. 

In the second paper, published in 1867, he gives an indication of 
the principle upon which his method of orientation is based. ‘ Sup- 
pose,” he says, “‘ that the three dihydroxybenzenes give the same 
trihydroxybenzene, by the introduction of a third hydroxyl, it is 
obvious that the three hydroxyls must occupy the positions 1, 2, 4. 
In short, it is only this arrangement of the three hydroxyls which 
can combine in one compound the three dihydroxy-derivatives.”’ 
It must be remembered that at this time methods of orientation 
were largely speculative.* It is true that by a fortunate act of 
intuition Baeyer assigned the correct constitution to mesitylene 
and Graebe gave the true formula to phthalic acid; but, on the 
other hand, some of the suggestions were less happy. Quinol, for 
reasons into which we need not enter, was assumed to be an ortho- 
compound, salicylic acid a meta-compound, and ordinary dinitro- 
benzene a para-compound, and so forth, assumptions which subse- 
quently led to ever increasing confusion as relationships became 
more clearly and closely established. 

For reasons of health Korner left Ghent for Palermo in 1867 


and entered the laboratory of Cannizzaro, where he continued to’ 


work indefatigably, collecting fresh experimental facts connected. 


with the problem which he had set out to solve. In the two years | 


which followed, this material had so far accumulated that Canniz- 
zaro induced Korner to publish it, although the latter would have 
preferred to withhold it until it had reached a more complete 
form. 

This memoir, which involved a stupendous amount of brilliant 
experimental work, appeared in 1869 in the Giornale di Scienze 
Naturali ed Economiche of Palermo under the title ‘“‘ Facts which 
serve for the determination of the chemical position in aromatic 
compounds.” After a short introduction by Cannizzaro, the 
memoir begins with a clear account of Kekulé’s theory on the 
constitution of benzene and the kinds of isomerism to which it 
gives rise. Kérner shows that the non-existence of more than 
one monoderivative and the special kind of isomerism existing 
among the polysubstituents of benzene is based on the hypothesis 


of the equivalence of the six valencies of the carbon atoms of the | 


* An excellent account of the development of the views on orientation is | 
given in Roscoe and Schorlemmer’s “ Treatise,”’ vol. iii, part iii (Introduction) | 


and also in the introduction by Richard Meyer to Erlenmeyer’s * Lehrbuch 
der organischen Chemie,” vol. ii (Leipzig, 1882). 


| 
| 


t 


| 
} 
} 


OBITUARY NOTICES. 2977 


nucleus and the relative positions occupied by two or more sub- 
stituent elements or groups. He then proceeds to bring experi- 
mental evidence of the equivalence of the six atoms of hydrogen. 
Beginning with the three hydroxybenzoic acids, he shows that by 
eliminating carbon dioxide the same phenol results. Thus, the 
differences in the three acids must be due to the relative positions 
of the groups. By substituting chlorine for hydroxyl and replacing 
the halogen by hydrogen with the aid of sodium amalgam, he ob- 
tained the same benzoic acid in all three cases. These experi- 
mental facts, due partly to Kérner and partly to Graebe and Beil- 
stein, demonstrate completely the equivalence of three positions 
in the nucleus. 

A fourth position was determined as follows: the nitroaniline 
(para) of Arppe can be transformed into chlorobromobenzene in 
two ways, either by substituting chlorine for the amino-group 
and bromine for the nitro-group or vice versa, and the same product 
results. As this nitroaniline can be proved to belong to the same 
series as one of the hydroxybenzoic acids, it follows that the position 
occupied by the phenol residue in the three acids is equivalent to 
that in a fourth position corresponding to the amino- or nitro- 
group in nitroaniline. The fifth and sixth positions were attacked 
in a similar fashion. | 

One of the nitrophenols belongs to the same series as salicylic 
acid. A bromine atom and an additional nitro-group can be 
introduced into this nitrophenol, with the result that the product 
is identical with that obtained by substituting two nitro-groups 
for two atoms of hydrogen in bromophenol and thus bromonitro- 
nitrophenol, C,H,*-NO,*Br-OH-NO,, is identical with dinitro-bromo- 
phenol, CgH,*-NO,-NO,OH-Br, which signifies that in nitrophenol 
there are two positions of equal value and symmetrical one with 
the other in respect of the hydroxyl. There are therefore five 
equivalent positions. Granted the existence of two symmetrical 
positions and imagining a plane drawn at right angles through 
the centre of these two positions, the molecule will be divided into 
two symmetrical halves, which implies the existence of a second 
symmetrical pair and it may be therefore concluded that the six 
positions occupied by hydrogen in the molecule of benzene are of 
equal value. 

Unfortunately, the publication in which this paper appeared 
was little known to the chemical world, and it was only later 
that its full significance was realised and its conclusions accepted. 
Meanwhile, as already stated, the confusion which reigned on the 
_ subject of orientation continued to grow. 

Whilst at Palermo Korner sent a paper to the Academie des 
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Sciences on the “ Synthesis of a base isomeric with Toluidine, ” 
which he obtained by nitrating and reducing p-bromotoluene. 
The paper is interesting from the fact that in it he proposes the 
formula for pyridine, which is now adopted. His reference to this 
‘ formula was, however, suppressed in the paper sent to the Academie, 
probably from its purely theoretical nature, but was afterwards 
published (1869) as a note in the Giornale di Scienze N aturali ed 
Economiche. 

We will leave for a moment Kérner’s experimental work in order 
to take up the thread of his subsequent career. 

In 1870 the “Scuola Superiore di Agricoltura”” was founded 
at Milan and Korner was elected to the chair of organic chemistry, 
where he continued with his usual energy to prosecute his experi- 
mental studies. In 1874 his classical memoir on “Studi sull’ 
Isomeria delle cose dette Sostanze Aromaticee a shi atomi di car- 
bonio”’ appeared in the Gazzetta Chimica Italiana, in which is 
collected a mass of new material, the preparation of which had 
occupied him during the preceding five years. 

He begins by explaining the weak points in the views of previous 
observers on orientation and shows that the only satisfactory 
method is the one outlined in his paper of 1867. 

‘For more than six years,’ he says, ‘‘ a number of distinguished 
chemists have occupied themselves with the study of isomerism — 
of the so-called aromatic compounds and still continue to do so. 
Nevertheless it is a curious fact that no definite solution has up 
to the present been reached.” Further he says: “The most 
certain method I still believe to be the one suggested seven years 
ago in my first work on this subject, namely, the trans- 
formation of the three isomeric di-derivatives into the isomeric 
tri-derivatives.”’ ! 

He suggests then the utilisation of the three dibromobenzenes as 
affording the fewest experimental difficulties. | 

“The equivalence of the six positions of hydrogen in benzene 
being granted, it suffices to prepare any complete series of tri- 
substituted derivatives with these three compounds and to study 
their relation and in this way an unequivocal solution of the problem 
will be attained. Thus, by preparing the three possible tribromo- 
benzenes from the dibromobenzenes and discovering for each one 
of them how many and which of the tribromobenzenes can be 
prepared or, vice versa, finding from the latter to which of the 
dibromobenzenes it gives rise, a direct. and definite method will 
be afforded for determining the structure of both the di- and tri- 
bromobenzenes according to the following scheme : 
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In the same way, it is possible to prepare the six modifications of 
dibromoaniline and also the six nitrodibromobenzenes.”’ 

The principle, as we know, is simple, elegant, and beyond 
criticism and has never been seriously questioned. 

We have only to survey the number and variety of new com- 
pounds, new reactions and new and ingenious devices for obtaining 
the same substance by different methods, to realise the amount 
of patient and careful work and experimental skill which this truly 
classical research entailed. 

As his fellow-worker and biographer, Professor Menozzi, has said, 
“the work suffices to raise Kérner to a distinguished position 
among the great chemists.”’ 

In addition to devising a method of orientation independent 
of any speculation, Kérner was able to lay down certain rules of 
substitution, which possess, not only a scientific interest, but one 
of great practical value. Putting it very briefly, he showed that 
if the halogens or nitric acid act on the halogen derivatives of 
benzene or on aniline, phenol, or toluene so that one atom of 
hydrogen is substituted, the principal product is the 1 : 4-derivative 
and, as a secondary product, the 1: 2-derivative, and the more 
violent the reaction the larger the quantity of the latter. Where 
the original group is CO,H, NO,, or SO3H, the principal derivative 
is a 1: 3-compound and at the same time a certain amount of 
1: 2- and occasionally 1 : 4-derivative is produced. 

If sulphuric acid is allowed to act on the members of the above 
series, the product is mainly the 1] : 3-derivative with smaller and 
variable quantities of the 1 : 2-derivative. 

At the end of the paper Kérner discusses Kekulé’s formula 
for benzene with the alternate double linkages. He shows that 
the simultaneous formation of 1 : 2- and 1 : 4-derivatives in certain 
cases and of 1: 3-derivatives in others cannot be explained by 
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Kekulé’s formula. He proposes one which had already been 
indicated in a former paper and resembles that of Claus inasmuch 
as each atom of carbon is linked with three others. This arrange- 
ment presupposes the twelve atoms to be disposed in four parallel 
planes; in each of the outer planes are three atoms of hydrogen 
1, 3, 5 and 2, 4, 6 and in each of the inner planes three atoms of 
carbon. This arrangement affords the maximum symmetry, 
represents absolute equivalence of the hydrogen atoms and the 
three cases of isomerism among the di-derivatives. 

Besides his work on the constitution of benzene, to which he 
devoted the greater part of his time and thought, his deep interest 
in botany led him to the study of many vegetable substances. 
Between the years 1875 and 1895 he published a series of papers 
dealing with products of the vegetable kingdom such as the con-. 
stitution of veratric acid and veratrole, the conversion of aspartic 
into fumaric acid, on two acids isomeric with vanillic acid, on 
caffeic acid from cinchona cuprein, on the alkaloids of angustura 
bark, the constitution of siringina and, in collaboration with 
Menozzi, on the transformation and synthesis of amino-acids. _ By 
the action of methyl iodide on amino-acids in presence of alkali, 
ammonia is eliminated and an unsaturated acid results: thus 
aspartic acid gives fumaric acid, alanine is converted into acrylic 
acid, and leucine into an unsaturated acid containing six carbon » 
atoms. ‘The reverse process was also investigated and carried to a 
successful issue. 

Of Kérner’s personal character, Professor Angelo Menozzi, a 
former student and collaborator, has given his impressions in a 
memorial address, from which the following abstracts have been 
taken.* 

The first thing that strikes one, he says, is that Professor Korner 
possessed in an eminent degree that quality of the true scientist 
who devotes himself to the study of science for its own sake, 
independently of any practical application his discoveries may be 
found to possess. It so happened that Kérner’s discoveries, though — 
of scientific importance of the first order, have brought in their — 
train practical results of great value. Korner belongs to that ) 
group of scientists who affirm nothing without a rigorous and | 
complete proof and are never in a hurry to publish results. This 
quality he possessed in an excessive degree. It is certain that it 
took some pressure on the part of Cannizzaro to persuade Korner _ 


to publish his first paper on orientation. Furthermore, the con- | 
| 
* I wish here to express my indebtedness to my friend Prof. Nasini for | 


the many documents relating to Kérner which he was good enough to place | 
at my disposal and also for the photograph which is reproduced here. | 


| 
| 
| 
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stitution of orcin had been established in K6rner’s laboratory 
before Tiemann’s research appeared in the Berichte. The same is 
true of leucine, the constitution of which was fully known before 
its publication elsewhere. He recognised this weakness in him- 
self, but as it was of secondary importance to his work, he put it 
aside as a matter of small significance. Whilst one cannot but 
regret this excessive caution which led him to control with scrupulous 
care every conclusion and statement before publication and which 
~may have robbed him of priority in certain discoveries, one cannot 
but admire a quality which is only too rare among scientific workers 
of the present day. Ké6rner possessed a keen intuition, which was 
soon recognised by those with whom he worked. He declared the 
acid isolated from aspartic acid to be fumaric acid long before its 
identity was definitely established and the same thing occurred 
with caffeic acid from angustura. 

As a teacher K6rner was lucid, profound and effective and his 
lectures left a lasting impression on the many SUUAen Gs) who 
attended his classes. 

His method was largely based on experimental demonstrations 
and Cannizzaro relates that when acting as lecture assistant his 
arrangement of the experiments was a model of precision and 
ingenuity. He was skilled in analysis by the dry way and insisted 
on his students becoming proficient in this method. In the execu- 
tion of his own researches, in his skill as an experimenter, in the 
originality of his ideas and in the novelty of his methods he showed 
a master mind. 

He had a passion for preparing his specimens in a state of extreme 
purity and it is this personal characteristic which is responsible 
for that remarkable collection of organic substances which is one 
of the scientific treasures of the School of Agriculture of Milan 
and is unique in the variety, purity, and beauty of the preparations. 

Kérner’s system of imparting information was essentially practical, 
for he never forgot that he was teaching in a school of agriculture. 
If a substance was connected with plant life—he was a passionate 
lover of flowers and plants and possessed a profound knowledge of 
plant physiology—he never failed to enlarge upon this relation; 
similarly any reference to an industrial commodity led to an 
account of its technical application. 

He completed his 75th year in 1914, when, according to the 
existing rule, he reached the retiring age; but at the instance 
of the staff of the agricultural school, supported by the Chemical 
Society of Milan, his services were exceptionally retained until 
1922, when for reasons of failing health he resigned his chair at the 

advanced age of 83. 
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He lived his last three years in peaceful retirement, happy in 
his family life and in the visits of his former colleagues and pupils, 
and passed quietly away on the evening of March 29th, 1925. . 

Korner was elected honorary member of many Italian and 
foreign institutions, viz., the Reale Accademia dei Lincei, the 
Reale Istituto Lombardo di Scienze e Lettere, La Societa Italiana 
delle Scienze, received the honorary doctorate of Oxford, Cam- 
bridge, and Giessen, was awarded the Davy medal of the Royal 
Society and made honorary member of the Royal Institution, of 
the Chemical Society of London, and of the German Chemical 
Society. He was enrolled chevalier of the civil order of Savoy 
for work of scientific merit. J. B. CoHEN. 


GEORGE DOWNING LIVEING. ; 
Born DrecEeMBER 21st, 1827; Diep DEcEMBER 26TH, 1924. 


By the death of Dr. G. D. Liveing, Professor of Chemistry in the 
University of Cambridge, at the great age of ninety-seven, the 
Society loses its oldest member, as he was elected Fellow in 1853. 
He was the son of Edward Liveing of Nayland, Suffolk. Entering 
at St. John’s College, Cambridge, he was eleventh wrangler in ~ 
1850, and, in the following year, he took the Natural Sciences 
Tripos, then instituted for the first time, and obtained a first class 
with distinction in Chemistry and Mineralogy. After working in 
Berlin with Rammelsberg, he was elected to a fellowship at St. 
John’s College in 1853, but, under the Statutes of that period, he 
had to resign on his marriage in 1860. After acting as Deputy to 
the Professor of Chemistry (Reverend J. Cumming), he was elected 
to the Chair in 1861. 

It is difficult to convey an idea of the attitude of the University 
at this period towards the experimental sciences, steeped as it was. 
in the tradition of centuries of classical, mathematical and theo- 
logical teaching. There was no laboratory instruction for students, 
although some experiments seem to have been shown in the lectures. 
Liveing relates how, in 1850, he was attending Mr. Griffin’s lectures 
on Physical Optics and, whilst dealing with the subject of the 
Fraunhofer lines, the lecturer asked any who wished, to come 
again later and he would demonstrate their formation. Liveing 
was the only one in the class who accepted the offer. The apparatus 
consisted of Wollaston’s arrangement for producing a pure spec- 
trum. A prism, a lens, a slit illuminated by an oil lamp, and a 
screen. Between the lamp and the slit was placed a bottle con- 
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taining some copper turnings on which nitric acid was poured. A 
series of fine black lines appeared on the screen. The explanation 
of the formation of the black lines was not given by Bungen and 
Kirchoff until 1860. Liveing had to fight a long and hard battle 
to persuade the University that it was their duty to teach the 
experimental sciences, not by merely showing experiments on a 
lecture table, but by the only sure method, of making the students 
perform them themselves. 

_ St. John’s College, soon after Liveing took his degree, built 
him a chemical laboratory and “sowed the first seed towards 
the growth of a large chemical school,” and they allowed him to use 
this laboratory after he became Professor of Chemistry. The 
question of providing teaching in experimental sciences had still 
to be fought out. Plans were drawn up, but when the tenders came 
in they far exceeded the money the University had to spend. The 
laboratory proposed for Chemistry, by Professor Willis, consisted 
of “a building which was capable of standing violent explosions 
and as uninflammable as possible, containing a series of vaults.” 
Liveing would have none of this, and begged that Chemistry should 
be left out of the scheme. The result of his action was that Chem- 
istry was only housed in a temporary structure for many years 
until, in 1887, a laboratory was built on the Pembroke Street site. 
This building was added to in 1908 and again in 1920, and the 
department of Physical Chemistry has also taken over the large 
laboratory vacated by the Engineering department. Altogether 
the laboratory has accommodation for more than 700 research 
and ordinary students and is the largest chemical laboratory in 
the country. 

Liveing’s contributions to science were on the transmutation of 
the elements in 1855, and a few papers on geological and chemical 
subjects. In 1875, Sir James Dewar was appointed Jacksonian - 
Professor of Chemistry, and the two professors almost at once 
began their researches on the spectroscope, which continued until 
1904. These papers have been collected in one large volume and 
published by the University Press (1915). The work was charac- 
terised by its great accuracy, originality, and the patience with 
which one difficulty after another was overcome, and is now regarded 
as one of the standard books on the subject. 

As a lecturer, Liveing was inspiring to those who had sufficient 
mathematical ability to follow him. The lectures were illustrated 
by experiments carefully chosen, and invariably rehearsed, but the 
experiments not unfrequently failed from his over-anxiety to make 
them succeed. As the head of a large department, he maintained 
a stern discipline, and to the younger men he appeared somewhat 
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unapproachable. Those who knew him intimately, however, were 
aware that he was the kindest and most liberal of men, and a 
delightful companion, especially when he was in the mood to tell 
stories of byegone Cambridge and of his travels, during which he 
collected specimens of minerals to illustrate his lectures. 

Liveing, in addition to his professorial duties, found time to 
attend with great regularity the magisterial bench and many 
philanthropic and benevolent committees. For several years he 
held a commission as captain in the Town and County Rifle Corps ; 
he was also an enthusiastic gardener. 

It is not generally known that for the last four years of his life 
he was actively engaged in an experimental investigation on the 
absorption of radiant energy by dense substances such as barium 
sulphate, lead sulphate, cassiterite, litharge, etc. Hach vacation 
he devoted an hour or two every day to working at these problems 
in the Goldsmiths’ metallurgical laboratory, and he spent much 
time at home in working out his results. This research is far from 
complete, although it is an amazing testimony to his vigour and 
perseverance. It was whilst on his way to the laboratory that he 
met with the accident which caused his death a few weeks later. 
Liveing resigned his professorship in 1908 and was given the degree 


of Sc.D. 
C. T. Heycock. 


ALEXANDER MITCHELL WILLIAMS. 
Born SEPTEMBER 20TH, 1888; DiED FEBRUARY 21ST, 1925. 


THE son of a master-baker, Alexander Mitchell Williams was born 
on September 20th, 1888, at Burntisland in Fifeshire. He attended 
Burntisland School and later George Watson’s College in Edinburgh, 
where at the age of seventeen he was dux and gold medallist. With 
the John Welsh mathematical bursary (a foundation of Thomas 
Carlyle in memory of his father-in-law), Williams entered the 
University of Edinburgh and had a brilliant record in Mathematics, 
Physics, and Chemistry. In 1910 he graduated as B.Sc. and as 
M.A. with first-class honours in Mathematics and Natural Phil- 
osophy. During his University period, he gained many scholar- 
ships and prizes, being awarded finally an 1851 Exhibition 
Scholarship which enabled him to proceed to Sweden and work 
under the guidance of Arrhenius. His chief study in Stockholm 
was adsorption, a subject which occupied his attention for many 
years afterwards. On returning to this country he continued — 
research work in the laboratories of Professor Donnan in Liverpool 
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and in London. In 1915 he was appointed science teacher in 
Hawick High School, and while there had a serious breakdown in 
health, from which he never entirely recovered. After temporary 
service in the Science Department of his old school in Edinburgh, 
he became a lecturer in the Chemistry Department of Edinburgh 
University in 1916. Continuing his research work, he graduated 
as D.Sc. with a thesis on Adsorption. In 1919 he was appointed 
joint Head of the Physico-chemical Department at the Shirley 
Institute, Didsbury, the headquarters of the Cotton Industry 
Research Association. Soon after his appointment he married 
Miss May Shaw, an Edinburgh lady. 

While in Edinburgh, Williams published four valuable papers 
on adsorption (“‘ Thermodynamics of Adsorption,’ Proc. Roy. Soc. 
Edin., 1918, 38, 23; ‘“‘ The Adsorption Isotherm at Low Concen- 
trations,’ zbid., p. 48; ‘‘ The Adsorption of Gases at Low and 
Moderate Concentrations,’ Parts I and II, Proc. Roy. Soc., 1919, 
96, A, 287; Part III, cbid., p. 298), together with one on “ Periodic 
Precipitation,” jointly with Miss M. R. Mackenzie (J., 1920, 117, 
844), and a paper on the “ Depolarisation by Oxygen of a Voltaic 
Cell” (J. Soc. Chem. Ind., 1920, 39, 285r). | 

The work of Williams at the Shirley Institute was chiefly con- 
cerned with the moisture relations of cotton, and the swelling of 
cotton cellulose under the influence of alkalis. The results of his 
researches are published in the Journal of the Textile Institute. 
He showed that the swelling in mercerisation cannot be simply 
referred to the concentration of the hydroxide ion in the alkali 
solutions, but is dependent to some extent on a specific effect of 
the alkali metal. ‘The work so far published may be regarded as a 
considerable instalment of a systematic account of the nature and 
reactions of the cotton gel—an account which, when complete, 
_ should give to those who use cotton in the textile arts increased 
powers in manipulating their material. One positive technical 
success Williams achieved by his discovery of a method for pre- 
paring cotton yarn of high insulating power, so making it possible 
for English firms to compete in a trade which had long been a 
continental monopoly. 

Williams had a first-rate scientific intellect, both critical and 
constructive. He was a sympathetic and kindly teacher, and his 
investigations, like all that he did, were carried out with an energy 
and a fervour of enthusiasm which the state of his bodily health 
could ill support. A final attack of his insidious malady at the 
end of 1924 led to his untimely death on February 21st, 1925. 

J. W. 
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GEORGE YOUNG. 
Born SEPTEMBER 9TH, 1867; Diep ApRit 38RD, 1925. 


GroraEe Youne, the younger son of Archibald Young, surgical 
instrument maker, was born in Edinburgh on September 9th, 1867. 
He was educated in Edinburgh at the Collegiate School, George 
Watson’s College, and Minto House. He pursued the study of 
chemistry at the Polytechnik, Munich, and graduated in 1891 at 
the University of Erlangen. Soon after returning home, he was 
appointed demonstrator of chemistry at Firth College, Sheffield, 
and was afterwards promoted to the lectureship in organic chemis- 
try, a post which he filled with eminent success. Young was an 
excellent teacher and was most successful in interesting students 
in research. He contributed many papers on organic chemistry 
to this Journal between the years 1895 and 1905, dealing with the 
constitution of amidines, the action of ammonias on acetyl urethane, 
triazoles and their derivatives, and kindred subjects. He was a 
Fellow of the Chemical Society, of the Institute of Chemistry, and 
a member of the Society of Chemical Industry. 

In his school days, Young was well known in athletic circles as 
a good sprinter. At Firth College he took a lively interest in the 
life of the College; he started a students’ Chemical Society and at 
the outbreak of the Boer war he played a vigorous part in organising 
a company of students, which was attached to the West Yorkshire 
Royal Engineers. He served with marked success as sergeant- 
major to the company. 

Young severed his connection with the College in 1904, owing to 
ill health, and moved to London in 1906, where he established a 
consulting practice. During the Great War he directed his energies 
to industrial problems with a view to the production of chemicals 
formerly imported from Germany. 

Dr. Young died on April 3rd, 1925, leaving a wife and three 


daughters to mourn his loss. 
W..\C.,. We) 
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(INGoLD), 515. 

Benzenes, dinitro-, ionisation of, in 
liquid ammonia (FIELD, GARNER, and 
SMITH), 1281. ; 

Benzeneazobenzylformaldoxime, and its 
derivatives (WALKER), 1861. 

Benzeneazocarboxylic acid, ethyl ester, 
preparation of (INGoLD and WEAVER), 
382, ; 


2-Benzeneazo-4:5-dimethylglyoxaline, 
2-p-bromo-, and its hydrochloride 
(BurTLes and Pyman), 2014. 
3-Benzeneazo-2:6-lutidine, 3-p-hydroxy-, 
and its hydrochloride (@ULLAND and 
RoBinson), 1495. 
Benzeneazo-4(5)-methylglyoxalines, 
p-bromo-(BuRTLES and PymAn), 2016. 
Benzenesulphonic acid, glyceryl ester 
(FAIRBOURNE and FosTER), 2762. 
Benzenesulphonyl iodide, 2:5-dichloro- 
(Gibson, MILLER, and SMILEs), 1823. 
Benzenethiolsulphonic acid, bromo-, 
chloro-, and nitro-derivatives, sub- 
stituted phenyl esters of (MILLER 
and SMILES), 229, 
2:5-dichloro-, and 38-nitro-, 
esters (GIBSON, MILLER, 
SMILES), 1822. 
Benzil, semicarbazones of 
1285. 
Benzil, hydroxy-derivatives (MARSH and 
STEPHEN), 1638. ; 
2:4-di- and 2:4:6-tri-hydroxy-, and 
their acetyl derivatives (Marsu and 
STEPHEN), 1636. 
Benziloximes, methylation of (BRADY 
and PERRY), 2874. 
5:6-Benzo-1:1’-diethylearbocyanine 
bromide (MIs and RAPER), 2474, 
Benzoic acid, periodic crystallisation of 
(HEDGES and Myzrs), 2434, 
Benzoie acid, 4:5-dibromo-2-amino-, and 
3-nitro-2-amino-, acetyl derivatives 
(CHAPMAN and STEPHEN), 1794, 


4-tolyl 
and 


(HoprEn), 
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Benzoic acid, 3:5-dinitro-, glyceryl 
esters (FAIRBOURNE and FosTsER), 
2763. 


Benzoin, semicarbazones of (HopreEr), 
1282, 

Benzophenone, 2:4:27:4’-tetraamino- 
(GULLAND and RoBInson), 1499. 

Benzophenone-5-4-carbethoxy phenyl- 
semicarbazone (WILSON and CRAW- 
FORD), 107. 

Benzophenone-2:4-di- and  2:4:6-tri- 
chlorophenylhydrazones (HUMPHRIES, 
HuMBLE, and EvAwns), 1306. 

+-Benzopyrones, synthesis of (BAKER), 
2349. 


p-Benzoquinone, preparation of (CRAVEN 
and DuNcAN), 1489. 

p-Benzoquinone-4-oxime, 3-bromo-, and 
3-iodo- (Hopeson aud Moors), 2262. 

2:3-Benzoxazine, 1-hydroxy- (GRIFFITHS 
and INGoLpD), 1704, 


Benzoylacetone, lithium and sodium 
derivatives (SIDGWICK and 
BREWER), 2383. 

thallous salt (CHRISTIE and 


MENZIES), 2372. 
8-Benzoyl-p-bromophenylhydrazine, 
B-m- and -p-nitro-, a-acetyl derivatives 
(CHATTAWAY and WALKER), 1696. 
8-Benzoy1-2:4-dibromophenylhydrazine, 
B-m- and -p-nitro-, and their a-acetyl 
derivatives (CHATTAWAY and 
WALKER), 1696. 
B-Benzoy]-2:4:6-ir7zbromophenylhydr- 
azine, 8-m-nitro-, a-acetyl derivative 
(CHATTAWAY and WALKER), 1696. 
2-Benzoylcyc/obutane-1:2:3-tricarb- 
oxylic acid, ethyl ester (Inc and 
PERKIN), 2397. 


Benzoyldi-p-tolylamine (CHAPMAN), 
1998. 

8-Benzoyl-p-chlorophenylhydrazine, 
B-p-nitro-, a-acetyl derivative 


(CHATTAWAY and WALKER), 1693. 

8-Benzoy1-2:4-dichlorophenylhydrazine, 
B-m- and -p-nitro-, and their a-acetyl 
derivatives (CHATTAWAY and 
WALKER), 1698. 

B8-Benzoyl-2:4:6-tvichlorophenylhydr- 
azine, 8-m- and -p-nitro-, and their 
a-acetyl derivatives (CHATTAWAY and 
WALKER), 1693. 

Benzoyl-o-hydroxybenzoyl-/-ecgonine, 
and its picrate (GRAY), 1157. 

d- and J-a-Benzoyloxypropionic acids, 
ethyl esters (KENYON, PHILLIPS, and 
TURLEY), 412. 

5-Benzoylvaleric acid, o-amino-, acetyl 
and formic derivatives (PATERSON 
and PLANT), 1797. 

Benzoylveratroylacetic acid, ethyl ester 
(GULLAND and Roprnson), 1501. 
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Benzoylveratroylmethane, and _its 
copper salt (GULLAND and RoBINsoN), 
1501. 

Benzthiazole, chloro-, 
(HUNTER), 1488. 

Benzthiazoles, physiological action of 
(HuntTsER), 911. 

Benzthiazoles, amino- (HUNTER), 2023, 
2270. 

Benzthiazole series (CLARK), 973. 

Benzyl 9-anthryl and 2-nitrophenyl 

disulphides (FooTNER and SMILEs), 
2889. 
chloroethyl and #-hydroxyethyl 
ethers (BENNETT), 1279. 
3-Benzylacetylacetone, and its copper 


dibromide 


and sodium salts (MorGan and 
TAYLOR), 801. 
Benzylamine, 3:4-dihydroxy- (JONES 


and PyMAN), 2596. 

Benzylamines, nitro-, salts of (HOLMES 
and INGOLD), 1812. 

Benzylaniline, reactions of antimony 
halides with (VANSTONE), 552. 

Benzylbenzoylacetone (TROTMAN), 94. 

Benzylbenzoyl-d--ecgonine, and its 
salts (GRAY), 1157. 

Benzylbenzoyl-/-ecgonine, and o-hydr- 
oxy, and p-nitro-, and their salts 
(GRAY), 1153. 

Benzylearbamide, a-hydroxy-, and its 
salts (Woop and LILLEy), 97. 

4-Benzylcoumarin, 7-hydroxy- (BAKER 
and Rostnson), 1984. 

3-Benzy1-2:5-dimethylbenzo-y-pyrone, 
7-hydroxy-, and its derivatives 
(BAKER), 2357. 

2-Benzyl-l-hydrindone, and its semi- 
carbazone (MrLLs and AKERS), 2478. 

Benzylhydrohydrastinine, and its 
hydrochloride (HAwoRTH, PERKIN, 
and Pink), 1721. 

Benzylnorhydrohydrastinine, and its 
salts (HAWORTH, PERKIN, and Pa 
1721. 

Benzylhydroxymethylbenzoyl- -(- 
ecgonines, and their picrates (GRAY), 
1157. 

Benzylideneacetone. See Styryl methyl 
ketone. 

Benzylidenedibenzylacetone (MILLs and | 
AKERS), 2477. 

Benzylidenemalonic acid, menthyl ester 
(WaYNE and CoHEN), 459. | 

Benzylidenenitrobenzylamines, nitro- 
(INcGoup), 1143. 

a-Benzylmandelic acid (MALKIN and. 
RoBINnson), 376. : 

Benzylmethylamine hydfochloram | 
(HoumeEs and INGOLD), 1813. | 

Benzylmethylamine, a-hydroxy-, and its 
derivatives (Woop and LILLEY), 96. 


: 
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Benzylmethylamines, nitro-, and their 
salts (HoLMEs and INGoLp), 1814, 

3-Benzyl-2-methylbenzo-y-pyrones, 
dthydroxy-, and their diacetyl deriv- 
atives (BAKER), 2355. 

4-Benzyl-2-methylcyclotelluripentane- 
3:5-dione 1:l-dichloride (MorGAN 
and Corby), 2618, 

4-Benzyl-2-methylcyclotelluropentane- 
3:5-dione (MorGan and Corsy), 
2618. 

Benzylorcacetophenone (BAKER), 2356. 


3-Benzyl-2-phenylbenzo-y-pyrone, 


7-hydroxy-, and dzhydroxy-, and 
their derivatives (BAKER), 2355. 


Benzylphloracetophenone (BAKER), 
2355. 


8-Benzylpropionylacetone, and __ its 
copper salt (MorGAN and Corsy), 
2617. 

Benzylquinaldine ethiodide (Mitts and 
RaPER), 2474. 

2-Benzyleyclotelluripentane-3:5-dione 
1:1-dichloride (MorGAN and JONES), 
2619. 

4-Benzylcyc/otelluripentane-3:5-dione 
1:1-dichloride (MorGAN and TAYLOR), 
801. 

2-Benzylcyclotelluropentane-3:5-dione 
(MorGAN and Jonz&s), 2620. 

4-Benzylcyclotelluropentane-3:5-dione, 
and its dioxime(Morcanand TAYLOR), 
801. 

1-Benzyl-1:2:3:4-tetrahydroisoquinoline, 
and its salts (Forsyru, Krtiy, and 
PyMAN), 1664. 

Benzyltropoyl-/-ecgonine, and its salts 
(GRAY), 1156. 

Berberine, imino-, and its hydrochloride 


(HawortH, Perkin, and Pry K), 
1723. 
Beryllium hydroxide,  electrometric 


precipitation of (BRITTON), 2120. 
1:1-Bisbenzthiazole, bromination of 
(HunTER), 1318. 
Bis-y-butyrolactone-aa-spiran. See Hep- 
todilactone. 
Bis-1:3-dimethoxyphenyl 4:4-ditelluride 
(Morean and Drew), 2313. 
Bis-1:3-dimethoxyphenyl-4-telluridi- 
chloride (MorGAN and Drew), 2313. 
Bis-2-hydroxy-1-methoxyphenyl 4:4-di- 
telluride (MorGANn and Drew), 2314. 
Bismethylenedioxydihydroprotoberber- 
ine, and its picrate (Buck, PERKIN, 
and STEVENS), 1469. 
6:7:3':4’-Bismethylenedioxy-3:4-di- 
hydroprotopapaverine, and its picrate 
(Buck, PERKIN, and Strvens), 1466. 
6:7 :3' -4’-Bismethylenedioxy-9-hydroxy- 
protopapaverine (Buck, PERKIN, and 
STEVENS), 147], 
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6:7:3':4’-Bismethylenedioxy-9-keto-3:4- 
dihydroprotopapaverine, and its de- 
rivatives (BUCK, PERKIN, and 
STEVENS), 1470. 

6:7:3':4’-Bismethylenedioxy-9-keto- 
protopapaverine, and its derivatives 
(Buck, PERKIN, and STEVENS), 
1470. 

2:3:10:11 -Bismethylenedioxyoxyproto- 
berberine (Buck, PERKIN, and 
STEVENS), 1469, 

2:3:10:11-Bismethylenedioxyprotober- 
berine, synthesis of, and its salts 
(Buck, PERKIN, and Strvens), 1462. 

6:7:3’:4’-B ismethylenedioxyprotopapa- 
verine, synthesis of, and its picrate 
(Buck, PERKIN, and STEvENs), 1462. 

Bismethylenedioxytetrahydroproto- 
papaverines (Kuck, PrERKIN, 
STEVENS), 1467. 

Bismuth dihydride (WHEKs and Druvcr), 
1799. 


and 


Bis-p-phenetyl ditelluride (Morcan and 
Drew), 23811. 
Bis-p-phenetyltellurid‘chloride 
GAN and Drew), 2312. 
Bistri--butylstibinedichloroplatinum 
(MoreAN and YArsuEy), 189. 
Bistrimethylstibinedichloropalladium 
(MorGAN and Yarsury), 190. 
Bistrimethylstibinedichloroplatinum 
(Morcan and YARSLEy), 188. 
Bis-y-valerolactone-aa-spiran. 
Nonodilactone. 
Borneol, rotation of (Lowry and Cur- 
TER), 604. 
glucosides, hydrolysis of, with emul- 
sin (MITCHELL), 208. 
Bornyl esters, rotation of (KENYON and 
PRISTON), 1479. 

Boron, atomic weight of (Briscon, 
RoBINsoN, and STEPHENSON), 150; 
(Briscor and Roptnson), 696. 

Boric acid, equilibrium of chromium 
trioxide, water, and (GILBERT), 1541. 
Bromine, atomic weight of (RoBINson 
and Briscok), 138. 
catalysis of the action of, on aliphatic 
acids (WATsoN), 2067. 
action of, on azides (SPENCER), 216. 
velocity of reaction of formic acid with 
(Hamuick, Hurcuison, andSnet1), 
2715. 
Bromoazoimide (SPENCER), 216. 
Brucine (Lions, PERKIN, and Rosin- 
Son), 1158. 
cycloButane-1:2:2:3-tetracarboxylic 
acid, ethyl and methyl esters (Ine 
and PERKIN), 2394. 
cycloButane-1:2:3-tricarboxylic acid, 2- 
cyano-, esters (ING and PERKIN), 
2396. 


(Mor- 


See 


3012 


n-Butyl nitrite, surface tension and 
density of (SucDEN, REED, and WIL- 
KINS), 1536. 
isoButyl mercaptan, and its derivatives 
(Bircu and Norris), 905. 
3-isoButylacetylacetone, and its copper 
salt (MorGAN and JONES), 2618. 
3-sec.-Butylacetylacetone, and its tel- 
lurium salt (Mor@an and ELvIns), 
2622. 
4-isoButylcyclotelluripentane-3:5-dione 
1:1-dichloride (MorRGAN and JONES), 
2619. 
4-sec.-Butylcyclotelluripentane-3:5-dione 
1:1-dichloride (MorGAN and ELVINs), 
2623. 
4-isoButyleyclotelluropentane-3:5-dione 
(MorcGAN and JONES), 2619. 
4-sec.-Butylcyclotelluropentane-3:5- 
dione (MorGAN and ELVINs), 2623. 
n-Butylvinylearbinol, resolution and 
rotation of, and its salts and esters 
(KENYON and SNELLGROVE), 1177. 
Butyric acid, a-bromonitro-, and a- 
chloronitro-, ethyl esters (MACBETH 
and TRAILL), 897. 


C. 


Cadinene, action of formic acid on 
(RoBERTSON, KERR, and HENDERSON), 
1946, 

Cadmium hydroxide, electrometric pre- 
cipitation of (BRITTON), 2148. 

Calcium carbonate, hydrates of (HUME), 
1036. 

peor ean series(FORSTER and SHUKLA), 
1855. 

a-Campholytic acid, structure of (CHAN- 
DRASENA, INGOLD, and THORPE), 1677. 

Camphor, rotation of (Lowry and 

CuTTER), 604. 
B- and x-sulphonic derivatives of, and 
their rotatory dispersion (RICHARDS 
and Lowry), 1503. 
Camphor, halogen derivatives of (Bur- 
GEss and Lowry), 271. 
rotation of (CuTrER, BURGESS, and 
Lowry), 1260. 
hydroxy-, of Manasse, constitution of 
- (ForstrR and SHUKLA), 1855. 

Camphor-7-chlorosulphoxide, a-bromo- 
(BurcEss and Lowry), 282. 

Camphorquinone, rotation of (Lowry 
and CUTTER), 604. 

Camphorquinone, §-bromo- 
and Lowry), 277. 

Camphor-a-sulphonamide, a’B-dibromo- 
(BuRGEss and Lowry), 277. 

Camphorsulphonic acids (BuRGEss and 
Lowry), 279. 


(BURGESS 
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Camphor-a-sulphonic acid, §-bromo-, 
and its salts and derivatives (BURGESS 
and’ Lowry), 271. 

Carbamide, reaction of sodium hypo- 
bromite with (DONALD), 2255. 

Carbanil, o-hydroxy-, absorption spectra 
of, and its ethers (Morton and 
RocERs), 2698. 

Carbanilino-o-methoxy-a-benzaldoxime 
(Brapy and McHues), 2425. 

Carbanilino-3:4-methylenedioxy-a- and 
-B-benzaldoximes (BRADY and Mc- 
Hucn), 2424. | 

B-Carbethoxy-7y-benzeneazo-Af-pent- 
enoic acid, ethyl ester (MacgreTu and 
TRAILL), 1120: 

4-Carbethoxybispiperidinium-1:1’- 
spiran, salts of (Mitts and Barns), 
2506. 

a-Carbethoxy-a’-bromo-8-phenylgluta- 
conic acid, ethyl ester (HAERDI and 
THORPE), 1245. 

Carbethoxy-a-cinnamaldoxime (Brapy 
and McHveu), 2426. 

a-Carbethoxy-y-hydroxy-y-phenyl-A8- 
propenecarboxylic acid, amide and 
lactone of (R. M. and J. N. RAy), 2722. 

9-Carbethoxynonanilide (G. M. and R. 
RoBrinson), 177. 

5-3-Carbethoxy phenylsemicarbazide, 
and its hydrochloride and benzylidene 
derivative (WILSON and CRAWFORD), 
107. 

Carbocyanines, reduction of (HamER), 
i 

Carbohydrates, oxidation of, by dyestuffs 
and by alkaline potassium ferricyanide 
(KnEcHT and H1iBBErRt), 2854. 

Carbon chains, alternating effect in 

(Incotp), 518; (C. K. and E. H. - 
Incotp), 874; (HotmeEs and In- 
GoLp), 1800. - 
tetrachloride, dielectric constant of 
(Harris), 1065. | 
monoxide, decomposition of, in the 
corona discharge (CRESPI ard 
Lunt), 2052. 
explosion of ammonia with oxygen 
and (BrEson and PARTINGTON), 
1146. 
dioxide, action of hydrogen with, on 
platinum (PricHARD and HIN- 
SHELWOOD), 806. 
action of hydrogen with, on the 
surface of tungsten (HINSHEL- 
woop and PRICHARD), 1546. 

Carbostyril, absorption spectra of, and 
its ethers (Morton and RoceErs), 
2668. 

B-Carboxyanilinobenzylmalonic acids, 
ethyl esters (WAYNE aud COHEN), 
456, 
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dl-2’-Carboxybenzene-4-azodiphenyl-By- 
diamino-n-butanes,  stereoisomeric, 
and their salts (MorGAN and SxkIn- 
NER), 1739. 
4-Carboxybispiperidinium-1:1’-spiran, 
salts of (MiLLs and Barns), 2506. 
Carboxycamphoranilic acids, and their 
molecular rotation (M. and R. Sincu), 
1966. 
2-Carboxy-4:5-dimethoxyphenylaceto- 
nitrile (HAaworTH and _ Prnr), 
. 1370. 
o-Carboxydiphenylmethylarsine, and its 
oxide (AESCHLIMANN), 812. 
2-Carboxybicyclo[4,1,0]heptane-1-acetic 
acid (BAKER), 989. 
2-Carboxy-5-methoxyphenylthiolacetic 
acid, 4-bromo- (GRIFFITH and Hopr), 
994, 
2-Carboxy-4:5-methylenedioxyphenyl- 
acetonitrile (HAWorTH and PINk), 

ease O. 

-10-Carboxymethyl-10-ethylphenox- 

_ arsonium bromide (AESCHLIMANN), 

«814. 

o-Carboxyphenylacetonitrile (HAWworTH 

and Prnx), 1369. 

d-, l-, and di-p-Carboxyphenylmethyl- 
ethylarsine sulphides, and their salts 
(MILus and RaPErR), 2481. 

Carboxyphenylparaconic acid (HAERDI 
and THORPE), 1246. 

4-Carboxy-1:2-phthalide (PERKIN and 
STonE), 2291, © 

B-Caryophyllene, action of formic acid 
on (ROBERTSON, KERR, and HENDER- 
son), 1945, 

Catalysis, relation of homogeneous re- 
actions to (HINSHELWooD and Prr- 
CHARD), 1552. 

Catalysts, oxidising, poisoning of (Mov- 
REU and DvUFRAISSE), 1. 

Catalytic hydrogenation of unsaturated 

compounds( LEBEDEV, KoBLIANSKY, 
and YAKUBCHIK), 417. 
reactions, relation of homogeneous 
reactions to (HINSHELWooD and 
Burk), 2896. 
atechol, 3:5-dinitro-, colorimetric 
dissociation constants of (LAXxTOoN, 
PRIDEAUX, and RapForD), 2499. 

Cedrene, action of formic acid on 
(RosErTSoN, Kerr, and HENDERSON), 
1946. 

Charcoal, adsorption of oxygen by 
(RIDEAL and WricutT), 1347. 

Yhemical constitution and colour (Morr), 

967, 2338. 

and the parachor (SucDEN, REED, 
and WILKINS), 1525; (SucpEN 
and WHITTAKER), 1868 ; (SUGDEN 
and WILKINS), 2517. 
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Chemical constitution and pungency of 
acid amides (JONES and PyMAn), 
2588. 
and rotatory power (KENYON, 
PHILLIPS, and TuRLEy), 399 
(Hrewitr and Kenyon), 1094; 
(KENYON and SNELLGROYVE), 
1169 ; (PHILLIPS), 2552. 
and trypanocidal action (KiNG and 
MvurcnH), 2632; (BALABAN and 
Kine), 2701. 
reactivity and conjugation (HEILBRON, 
KiTcHEN, PARKES, and Surron), 
2167. 
Chenopodium oil (HENRY and PacEr), 
1649, 
Chlorination, new method of (Siuper- 
RAD), 2677. 
catalysis of, by selenium (O. and OC. 
A. SILBERRAD), 2449, 
Chlorine, photochemical reaction of 
hydrogen with (NorrIsH), 2316. 
photochemical reaction of hydrogen 
and, in presence of oxygen (Nor- 
RISH and RIDEAL), 787. 
water, photochemical decomposition 
of (ALLMAND, CUNLIFFE, and Map- 
DISON), 822, 
Chlorine dioxide, action of light on 
(Boor and Bowen), 510. 
heats of solution and of decomposi- 
tion of (BoorH and Bowen), 342. 
Hydrochloric acid, electrical con- 
ductivity of, in water and in 
acetone—water mixtures (BROWN- 
SON and CRAY), 2923. 
diffusion-potential and transport 
number of concentrated solutions 
of (CARTER and LA), 487. 
Hypochlorous acid, photochemical 
decomposition of aqueous solutions 
of (ALLMAND, CUNLIFFE, and Map- 
DISON), 822. 
Chloroamines, hydrolysis of acyl deriva- 
tives of, in water (SoPpER), 98. 
Chloroform, dielectric constant of 
(Harris), 1066. 
Cholesterol, molecular weight of (Par- 
TINGTON and TWEEDY), 496. 
Chrome alum, periodic crystallisation of 
(HEpGEs and Myers), 2433. 
Chromium hydroxide, electrometric pre- 
cipitation of (BRITTON), 2120, 
trioxide, equilibrium of boric acid, 
water, and (GILBERT), 1541. 
Chromium bases (chromiwmammines), 
electrical conductivity of (KINe), 
2100. 
Aquopentamminochromic salts (Kine), 
2102. 
Hydroxopentamminochromic _hydr 
oxids, salts of (Kine), 2102. 
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Chromones. See Benzopyrones. 

Chrysinidin salts (PRATT and RopiINnson), 
1132. ’ 

Cinnamaldehyde, action of, on Grignard 
reagents (MARSHALL), 2186. 

Cinnamaldehydediphenylene-4:4’-di- 
hydrazone (CHATTAWAY, IRELAND, 
and WALKER), 1853. 

Cinnamic acids, methyl esters, and 
bromo-, surface tensions of (SuGnpEN 
and WHITTAKER), 1871. 

7-Cinnamoyloxyl-2-styrylisoflavone 

(BAKER and Rosinson), 1985. 

Cinnamylidenecamphor, absorption 
spectra of (PuRVIs), 12. 

Citraconic acid, dimethyl ester, surface 
tension of (SUGDEN and WHITTAKER), 
1873. 

Claisen reaction (MorGAN and HoLmEss), 


Coal, constitution of (LEGG and 
WHEELER), 1412; (TIDESWELL and 
WHEELER), 110, 125; (FRANCIS and 
WHEELER), 112, 2236. 

Cobalt hydroxide, electrometric precipi- 

tation of (BRITTON), 2110, 

decomposition of hydrogen peroxide 
by (TRYHORN and _ Jrssop), 
1320. 

Cobalt bases (cobaltammines), electrical 
conductivity of (Kine), 2105. 

Aquopentamminocobaltic salts (KING), 
2102. 

Cobalt organic compounds (MorGAN and 
SMITH), 2034. 

Colloids, swelling and dispersion of, in 
ether—-alcohol mixtures (MARDLEs), 
2940. 

Colloidal solutions, coagulation of, by 
hydrogen ions (WEIR), 2245. 

Colour and molecular geometry (Morr), 
967, 2338. 

Colouring matter, C,,H,,O,NBr8S, from 
isatin and 4-bromo-2-carboxy-5- 
methoxyphenylthiolacetic acid 
(GRIFFITH and Hops), 995. 

C.,H.;NolI, from 6-naphthaquinaldine 
ethiodide and  p-dimethylamino- 
benzaldehyde (Mints and Raprr), 
2472. 

Colouring matters, oxidation of carbo- 
hydrates by (Knecnr and HiIp- 
BERT), 2854. 

See also Myricetin. 

Combustion of mixtures of gases with 
air (WHITE), 48. 

spiroCompounds, formation and stability 
of (BAKER), 1678. 

Co-ordination and _ residual affinity 
(MorcAN and YARSLEY), 184; 
(MorGAN, CARTER, and HARRISON), 
1917; (Morean and Smit), 2030. 
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Copper, oxide films on (EVANS), 2484. 
effect of colloids on the displacement 
of, in its salts by zine (GRAY), 776. 
electrometric and phase rule study 

of basic salts of (Brirron), 2796. 
Cupric carbonate, basic, formation of 
malachite from (HEPBURN), 1007. 
hydroxide, electrometric precipit- 

ation of (BriTron), 2148. 


sulphate, equilibrium of aluminium ~ 


sulphate, water, and (CAVEN and 


MITCHELL), 527; (OccLESHAW), — 


2598. 
Cuprous bromide and iodide (Briaas), 
496, 
chloride, oxidation potential of, and 
cupric chloride(CARTERand LEA), 
499, 

Corrosion, effect of differential aération 
on (McAvLAyY and BowpEn), 2605. 
Coumarincarboxylic acid, »-toluidide of 

(WayNE and CoHEN), 457. 
o-Cresol, nitro-derivatives, and _ their 
salts and derivatives (GIBSON), 42. 
m-Cresol, 2-amino-, 2-bromo-, and 2- 
nitro- (HopGson and BEARD), 498. 
Cryoscopy in mixed solvents (WRIGHT), 


with benzene (JonEs and Bury) 
1947, 
with nitrobenzene (Brown), 345. 
Crystallisation, periodic (HEDGEs and 
Myegrs), 2432. 
Cupric and Cuprous. salts. 
Copper. 
Cyanidin chloride, and its 3:3’:4’-tri- 
methy] ether (PRATT and RoBIn- 
SON), 1189. 
synthesis of, and its pentamethyl 
ether (PRATT and RoBINsoN), 166. 
Cyanine. colouring matters (Miiis and 
RAPER), 2466. 
colours of (Morr), 2338. 


See under 


Cyclic compounds, formation of, from ) 


halogenated open-chain derivatives 
(INcoLp), 387; (HAERDI and THORPE), 
1237. 


D. 


Datisca cannabina, constituents of 
(KALFF and Roprnson), 1968. 
Datiscetin, synthesis of, and its deriv- 
atives (KALFF and RoBINson), 1968. 
Datiscetinidin chloride, and its 8:2’ 
dimethyl ether (Pratr and Roprn- 
SON), 1185. 
Decahydronaphthalene, 
(WIGHTMAN), 1421. 
2-n-Decylcyclotelluripentane-3:5-dione 
1:1-dichloride (More@AN and TayLor), 
2620, 


isomerism of 


- Dextrins, 


_ Diacetylbenzylamine 
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2-n-Decyleyclotelluropentane-3:5-dione 
(MorGAN and TAYLOR), 2620. 
Dehydroeseretholemethine, methylation 
of (STEDMAN and BARGER), 253. 
Delphinidin chloride, and its 
3:3/:4/:5’-tetramethy] ether 
(Pratr and Ropinson), 1189. 
synthesis of, and its hexamethy] 
ether (PRATT and RoBINson), 
166. 


Demethylechitamine, and its hydro- 


chloride (Goopson and HENRY), 
1646. 
7-Demethylo-y-corydaline, and __ its 


methiodide (HAWorTH and PERKIn), 
1459. 


7-Demethylomethylpapaverine (Ha- 
WORTH and PERKIN), 1458. 
7-Demethylomethylpapaverinol (Ha- 


WORTH and PERKIN), 1457. 

7-Demethylomethyltetrahydropapaver- 
ine, and its derivatives (Haworru 
and PERKIN), 1459. 


Dextrin, nature and genesis of (LING 


and NAnuI), 636. 
synthetic, constitution 
(IRVINE and OLDHAM), 2903. 


of 


Dextrose (g/uwcose), dissociation constant 


of (Brirron), 1902. 


_Diacetalmalonie acid, and its barium 


salt, and ethyl ester (PERKIN and 

Pink), 191. 

(Ho~mEs and 
INGOLD), 1820. 

'Diacetyltartaric acid, and its anhydride, 
rotatory power of (AUSTIN and Park), 
1926. 

Diacylanilides, conversion of, into 
acylamino-ketones (CHAPMAN), 2818, 

2:4-Dialdehydobenzoic acid, and _ its 
derivatives (PERKIN and STONE), 
2290. 

ay-Dialdehydopropane-8-carboxylic 
acid, and its di-p-nitrophenylhydr- 
azone (PERKIN and Prnx), 191. 

ay-Dialdehydopropane-88-dicarboxylic 
acid, and its derivatives (PERKIN and 
Pink), 191. 

Diamminoethylenediaminobisacetone- 
cobaltic salts (MoRGAN and Smiru), 
2034. 

Dianthraquinone, dihydroxy-, and its 
derivatives (PERKIN and Yopa), 
1886. 

Dianthranyl oxide and di- and tetra- 
sulphides (Cooxn, HEILBRON, and 
WALKER), 2250, 2253. 

dsoDiazomethanes, substituted (Cuar- 
TAWAY and WALKER), 2407. 

Diazonium salts, heterocyclic, velocity 
of decomposition of (REILLY and 
MADDEN), 2936. 
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as-Dibenzylacetone (MILLS and AKERs), 
2477. 


3:3-Dibenzylacetylacetone (Morcan 
and TayLor), 801. 
Dibenzylamines, dinitro-, and their 


salts (HoLMEs and INGOLD), 1815. 
Dibenzylmethylamines, and dinitro-, 
and their salts (HoLmxs and INGOLD), 

1816, 

Dibenzylmethylcarbinol (TROTMAN), 

92. 
88’-Dibenzyloxydiethylmalonic 

and its salts (BENNETT), 1280. 
Dibenzylquinaldine, and its alkyl iodides 

(Miuis and AxERs), 2475. 

ethiodide (Minis and RAPER), 2473. 
4:4-Dibenzylcyclotelluripentane-3:5-di- 

one 1:1-dichloride (Morgan and 

TAYLOR), 802. 
4:4-Dibenzylcyclotelluropentane-3:5-di- 

one (MorGAN and Taytor), 803. 
Ditsobutyrylmethane, and _ its copper 

salt (MorGAN and Taytor), 803. 
v5-Dicarbethoxy-y-hy droxy-88-di- 

methylbutane-a-carboxylic acid, 

lactone (RorHsTEIN, STEVENSON, and 

THORPE), 1080. 
de-Dicarbethoxy-5-hydroxy--y-di- 

methylpentane-8-carboxylic acid, 

y-lactone of (RoTusTErn, STEVENSON, 

and THoRPE), 1078. 
4:4-Dicarboxy-3:3’-dimethyldibenzyl 

ether (PERKIN and Sroneg), 2286. 
di-Dicentrine, synthesis of, and 

salts (HAworrH, PERKIN, 

RANKIN), 2018. 
Di-p-dimethylaminobenzhydryl ketone 

(SINGH), 2447. 

Dielectric constants of liquids (Saycz 

and Briscok), 315; (HARRIS), 1049. 
2:3-Diethoxybenzaldehyde, 5- and 

G-nitro-, and the -nitrophenyl- 

hydrazone of the latter (RUBENSTEIN), 

2269. 
2:3-Diethoxybenzylidene-p-toluidine, 

5-nitro- (RUBENSTEIN), 2269, 
88-Diethoxypropionic acid, ethyl ester 

(INGOLD), 1203. 

Diethyl selenide, B8’-dibromo-, and 
8B’-dichloro-, and their halogen 
derivatives (BELL and Grsson), 
1877. 

sulphate, surface tension and density 

of (SUGDEN, REED, and WILKINS), 
1539. 

8B8-Diethylacrylic acid, and its deriy- 

atives (Kon and LINsTEAD), 622. 
Diethylamine-5:5’-dimethyldiphenyl 

disulphide, 2:2’-diacetyl derivative 

(CLARK), 974. 
Diethylaminodiphenyl disulphide, 

2:2’-diacetyl derivative (CLARK), 974, 


acid, 


its 
and 
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1:1’-Diethylcarbocyanine iodide,  re- 
duction of (HAmER), 214. 

Diethyldihydroresorcinol (Kon and Lin- 
STEAD), 819. 

3:3-Diethylpentane (MoRGAN, CARTER, 
and Duck), 1252. 

10:10-Diethylphenoxarsonium 
(AESCHLIMANN), 814. 

Diheptacyclene disulphide, ms-dibromo- 
(CookE, HEILBRON, and WALKER), 
2254, 

9:10-Dihydroanthracene, — bromonitro- 
and chloronitro-derivatives of (Bar- 
NETT), 2042, 

3:4-Dihydrocoumarin, 5- and 7-h) droxy-, 
and the acetyl derivative (CHAPMAN 
and STEPHEN), 890. 

Dihydro-7-demethylo--dehydrocory- 
dalinium salts (HAworrH and PEr- 
KIN), 1460. 

Dihydroeserethole, preparation of (STED- 
MAN and BARGER), 253. 

1:2-Dihydroquinaldine, 
(Mason), 1032. 

Dihydroresorcinols, dicyclic, formation 
and decomposition of (FARMER and 
Ross), 2358. 

B-Diketones, enolic structure of (Sip¢- 
WICK), 907. 

3:5-Diketo-4:4:6:6-tetraphenylhexa- 
hydropyridazine-1:2-dicarboxylic acid, 
ethyl ester (INGoLD and WEAVER), 
382, 

2:5-Dimethoxyacetanilide, 4-bromo-, and 
4-nitro- (RUBENSTEIN), 2003. 

ay-Dimethoxyacetoacetic acid, ethyl and 
methyl esters (PRatTT and ROBINSON), 
168. 


iodide 


synthesis of 


w:2- and w:3-Dimethoxyacetophenones, 
and their semicarbazones (PRATT and 
Ropinson), 1184. 

2:5-Dimethoxyaniline, 4-bromo-, 4-nitro-, 
and their salts (RUBENSTEIN), 2003. 

8-3:4-Dimethoxyanilinopropenyl methyl 
ketone, and 6-bromo-, and its hydro- 
chloride (Lions, PERKIN, and Rosin- 
SON), 1164. 
8-Dimethoxyanilinopropeny] methyl 
ketones (Lions, PERKIN, and Rosrn- 
son), 1162. 
2:3-Dimethoxybenzaldehyde dimethy]- 
acetal (HAWorTH and PERKIN), 14387. 
2:5-Dimethoxybenzaldehyde, bromo- and 
nitro-, and their p-nitrophenylhydr- 
azones (RUBENSTEIN), 2000. 
2:5-Dimethoxybenzoic acids, amino-, 
bromo-, and nitro- (RUBENSTEIN),2001, 
6:7-Dimethoxy-2-benzoyl-1:2-dihydro- 
dsoquinoline, 1-cyano- (HAworRrH and 
PERKIN), 1442, 
2:3-Dimethoxybenzyl bromide 
WORTH and PERKIN), 1487. 


(Ha- 
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3:4-Dimethoxybenzyl bromide (Ha- 
WORTH, PERKIN, and RANKIN), 1445. 

3’:4’-Dimethoxy-2-benzylidene-1-hydr- 
indone, 2’- and 6’-nitro- (LIONS, 
PERKIN, and Rosinson), 1168. 

4:4’-Dimethoxy-a-benzylmandelic 
(MALKIN and Rosrnson), 377. 

6:6’-Dimethoxy-2:2’-bisoxythionaphthen, 
5:5’-dibromo- (GRIFFITH and Hops), 
990. 

3:4-Dimethoxycinnamic anhydride 
(RoBINSON and SHINODA), 1979. 


acid 


Dimethoxydianthraquinone (PERKIN 
and YopA), 1887. 
fB’-Dimethoxydiethylmalonic acid, 


ethyl ester (BENNETT), 1279. 
5:7-Dimethoxy-4’-dimethylamino-2- 
pheny]-4-styrylbenzopyrylium 
(WALKER and HEILBRON), 689. 
Dimethoxy-2:4-dimethylquinolines, and 
their salts (Lions, PERKIN, and 
RoBINsoN), 1162. 

5:6-Dimethoxy-2:4-dimethylquinoline, 
8-bromo-, and its hydrochloride 
(Lions, PERKIN, and ROBINSON), 
1164. 

Dimethoxy-2:4-dimethyl-1:2:3:4-tetra- 
hydroquinolines, and their salts and 
derivatives (LIoNs, PERKIN, and 
RopBinson), 1162. 

4’:4’’. Dimethoxy-2:4-distyrylbenzo- 
pyrylium chloride, 7-hydroxy- (HEIL- 
BRON, WALKER, and Buck), 694. 

3:3’-Dimethoxyflavylium chloride, 5:7- 
dihydroxy- (PraTT and Rosinson), 
1186. | 


salts 


4:5-Dimethoxyhomophthalamic acid 
(HAwortTH and Pink), 1870. 
4:5-Dimethoxyhomophthalimide (HA- 


WORTH and Pink), 1370. 

3:4’-Dimethoxy-5:7-dchydroxyflavone, 
and its tetraacetyl derivative (RoBIN- 
son and SHINODA), 1980. 

5:7-Dimethoxy-2’- and -4’-hydroxy-2- 
phenyl-4-styrylbenzopyrylium chior- 
ide (WALKER and HsILBron), 688, 

3:4’-Dimethoxy-5:7-dihydroxy-2-styryl- 
chromone (ROBINSON and SHINODA), 
1978. 

Dimethoxyindenoquinoline, and _ its 
hydrochloride (Lions, PERKIN, and 
RosBinson), 1169. 

2:3-Dimethoxyindophenazine, and its 
salts (ARMIT and Roprtnson), 1615. 

2:3-Dimethoxy-6-methylindophenazine 
methohydroxide (ArMIT and RoBIN- 
SON), 1616. 

2:3-Dimethoxy-5(or 11)-methylisoindo- 
phenazine, and its salts (ArMIT and 
Rosinson), 1616. 

Dimethoxynaphthadianthrone (PERKIN 
and YopA), 1888. 


j 
- 
ie 
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2:4-Dimethoxyphenyl 2-hydroxy-4:6- 
dimethoxystyryl ketone (PRATT and 
Roprnson), 1134, 

5:7-Dimethoxy-2-phenyl-4-methylbenzo- 
pyrylium salts (WALKER and HEIL- 
BRON), 688. 

1:3-Dimethoxyphenyl-4-telluritrichlor- 
ide (MorGAN and Drew), 2312. 

4:5-Dimethoxyphthalide, 6-amino-, 6- 
bromo-, and 6-nitro- (RAy and Rosin- 
SON), 1621. 

6:7-Dimethoxyisoquinoline methiodide 
(Forsyrn, Keiiy, and Pyman), 1666. 

6: 7-Dimethoxy/soquinoline-1-carboxyl- 
amide (HAworTH and PERKIN), 1442, 

Dimethoxystilbenes, dinitro-, trinitro-, 
and nitroamino- (GULLAND and RoBIN- 
son), 1502. 

3’:4’- Dimethoxy-2-styryl-3-methyl-4- 
quinazolone (HEILBRON, KITCHEN, 
PARKEs, and Sutton), 2171. 

Dimethoxysuccinic acid, and its esters, 
rotation of (PATTERSON and FuLroy), 
2436, 

6:7-Dimethoxy-1:2:3:4-tetrahydroiso- 
quinoline, and its hydrochloride 
(Forsyru, KELLY, and Pymay), 1666. 

Dimethyl ether, 5-dichloro-, condensa- 

tion of phenylethylamine with 
(SHoRT), 269. 

sulphate, surface tension and density 
of (SUGDEN, REED, and WILKINS), 
1539. 

2:4-Dimethylacetophenone (PERKIN and 
STONE), 2283, 

p-Dimethylamino-a-benzaldoxime, 
benzoyl derivative (Brapy 
MoHveu), 2421. 

p-Dimethylaminobenzilic acid, and its 
ethyl ester (SINGH), 2446. 

p-Dimethylaminobenzylidene-p-amino- 
benzoic acid (WAYNE and COHEN), 
460. 


and 


p-Dimethylaminobenzylidenemalonic 
acid, ethyl ester (WAYNE and CouEn), 
59. 


p-Dimethylaminobenzylidene-8-naph- 
thylamine (WAYNE and CouEn), 460. 

p-Dimethylaminobenzylidenequinaldine 
ethiodide, reduction of (HAmzER), 214, 

y-p-Dimethylaminocinnamoyl-8-o-hydr- 
oxyphenylpropane-aa’-dicarboxylic 
acid (HEILBRON, Forster, and Wuit- 
WORTH), 2166. 

Dimethylaminodiphenyl disulphide, 
2:2’-diacetyl and -dibenzoyl derivatives 
of (CLARK), 974. 

p-Dimethylaminodiphenylacetic 
(SIncH), 2445. 

3-p-Dimethylamino-5-o-hydroxystyry]- 
A®-cyclohexen-1l-one (HEILBRON, For- 
STER, and WuITworrH), 2164. 


acid 
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3-p-Dimethylamino-5-o-methoxystyryl- 
A®-cyclohexen-1-one-2-carboxylic acid, 
ethyl ester (HEILBRON, ForstmrR, and 
WHITWORTH), 2164. 
3-p-Dimethylaminophenyl-5-p-dimethyl- 
aminostyryl-A°-cyclohexen-1-one-2- 
carboxylic acid, ethyl ester, and its 
phenylhydrazone (HEILBRoN, For- 
STER, and WHITWORTH), 2165. 
3-p-Dimethylaminophenyl-5-o-hydroxy- 
styryl-A°-cyclohexen-1-one-2-earb- 
oxylic acid, and its ethyl ester 
(HEILBRON, Forsrer, and Wuuir- 
WORTH), 2163. 
3-p-Dimethylaminophenyl-5-(methoxy- 
2’-hydroxy)styryl-A®-cyclohexen-1- 
one-2-carboxylic acids, ethyl esters 
(HEILBRON, Forster, and Wuit- 
WORTH), 2165. 
3-p-Dimethylaminophenyl-5-methyl- 
cyclohexan-5-0l-1-one-2-carboxylic 
_ acid, ethyl ester, and its phenylhydr- 
azone (HEILBRON, Forsrer, and 
WHItTWorRTH), 2165. 
3-p-Dimethylaminophenyl-5-methyl- 
A°-cyclohexen- 1-one-2-carboxylic 
acid, ethyl ester (HEILBRON, ForSTER, 
and WHITWORTH), 2165. 
4’-Dimethylamino-2-phenyl-4-styryl- 
benzopyrylium salts, 5:7-dihydroxy 
(WALKER and HEILBRON), 687. 
4’-Dimethylamino-2-styryl-4-methyl- 
benzopyrylium chloride, 7-hydroxy- 
(HzLBRoN, WALKER, and Bucr), 693. 
4’-Dimethylamino-2-styryl-3-methyl-4- 
quinazolone (HEILBRON, KircHEN, 
Parkers, and Sutton), 2171. 
p-Dimethylaminotetraphenylethylene- 
glycol (SInGu), 2446. 
3:3’-Dimethylazobenzene, 2-hydroxy- 
(CUMMING and FERRIER), 2377. 
2:4-Dimethylbenzoic acid, and bromo-, 
chloio-, and hydroxy-derivatives, 
and their derivatives (PERKIN and 
STONE), 22838. 
2:4-Dimethylbenzoyl chloride, action of 
halogens on (PERKIN and Sronz), 
2275. 
1:1’-Dimethylcarbocyanine iodide, re- 
duction of (HAmER), 218. 
aa’-Dimethyl-a-carboxyglutaric acid, 
ethyl ester, stability of (INGoLD), 474. 
as-Dimethylearboxysuccinic acid, and 
its ethyl ester (INGoLD), 473. 
2:6-Dimethylecinchomeronimide (GuL- 
LAND and RoBInson), 1494, 
as-Dimethyleyanosuccinic acid, ethyl 
ester, preparation and stability of 
(INGOLD), 472. 
1:8-Dimethyldibenzocopyrine, 10:15- 
diamino-, and its hydrochloride (GuL- 
LAND and Rosinson), 1500. 
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6:6’-Dimethyl-1:1’-diethylcarbocyanine 
iodide, reduction of (HAMER), 214. 

Dimethyldihydroeserethole = dipicrate 
(STEDMAN and BARGER), 253. 


Dimethyl-2:2’-diquinolyls, and _ their 
salts (CONOLLY), 2083. 
Dimethylene-1:3-oxaimines, synthesis 


and division of (INGoLD), 1141. 

B8-Dimethyl-a-ethylacrylic acid (Kon, 
SmiTH. and THORPE), 572. 

&B-Dimethyl-a-ethylglutaric 
derivatives of (Kon, SMITH, 
THORPE), 567. 

a8-Dimethy]l glycerol, and its derivatives 
(GILCHRIST and PuRVEs), 2743. 

1:4-Dimethylglyoxaline, 5-nitro-, hydro- 
chloride (BHAGWAT and PYMAN), 
1836. 

4:5-Dimethylglyoxaline, 2-amino-, and 
its salts and derivatives (BURTLES and 
PyMAN), 2012. 

Dimethylglyoxalines, 4- and 5-nitio-, 
and their salts (BHAGWAT and 
PyMAN), 1832. 

2-thiol- (BURTLEs, 
RoOYLANCE), 586. 

Dimethylmethylglucoside (IRVINE and 
OLDHAM), 2920. 

2:6-Dimethylisonicotinic acid, 3-amino-, 
and its salts (GULLAND and Rosiy- 
son), 1494, 

yn-Dimethyloctan-e-ol 
SMITH), 2535, 

yn-Dimethyloctan-e-one, and its deriv- 
atives (JONES and SMITH), 2535. 

yn-Dimethyl-A¢-octen-c-ol (JoNES and 
SMITH), 2535. 

yn-Dimethyl-A¢-octen-c-one, 
derivatives (JONES 
2534. 

2:6-Dimethylcyc/otelluropentane-3:5- 
dionedioxime (MorGAN and TAyYLor), 
799. 

Dimethyldithiolethylene, and its me- 
tallic halides (MorGAN, CARTER, and 
Harrison), 1921. 

Dioctadecylacetic 
DYER), 71. 

Dioctadecylmalonic acid, and its ethyl 
ester (ADAM and Dyer), 71. 

Dipentene dihydrohalides, action of 
metals on (ROBERTS), 2451. 

Diphenacylcyanoacetic acid, ethyl ester 
(R. M. and J. N. RAy), 2722. 

yy'-Diphenoxydipropyl sulphide (BEN- 
NETr and Hock), 2675. 

Dipheny] ether, o-amino-, and its benzoyl 

derivative (TURNER and SHEPPARD), 
545. 

ethers, amino-, chloroamino-, and 
chloronitro-, and their derivatives 
(RoBERTS and TURNER), 2007. 


acid, 
and 


PYMAN, and 


(JONES and 


and its 
and SMITH), 


acid (ADAM and 
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Diphenyl ¢risulphide, 4:4’-diamino-, 
and its hydrochloride (HopGson and 
Wiuson), 443. 

Diphenyl-Sy-diamino--butanes, stereo- 
isomeric (MorGAN and SKINNER), 
1734. 

2:3-Diphenylbenzo-y-pyrone, 7:8-dihydr- 
oxy-, and its diacetyl derivative 
(BAKER), 2357. 

d-aa-Diphenyl-8-benzylethyl alcohol, 
B-amino- (McK ENzIE and WILLs), 298. 

Diphenylcarbamyl-o-methoxy-8-benz- 
aldoxime (Brapy and McHues), 
2426. 

Diphenylchloroarsine, di-p-chloro- 
(Hunt and TuRNER), 2671. 

1:3-Diphenylisodiazomethane, bromo- 
nitro- and chloronitro-derivatives 
(CHATTAWAY and WALKER), 2410. 

a35-Diphenyl-84-dibenzyl-6y-dimethyl- 
butane (TROTMAN), 92. 

Diphenyldimethylarsonium iodide, p- 
bromo- (Hunt and TURNER), 2670. 

Di(8-phenylethylamino)methane, and its 
diacetyl derivative (SHORT), 271. 

a-Diphenylglyoxime, absorption spectra 
of (Purvis), 10. 

6:6-Diphenylhexahydro-1:2:3:4-tetr- 
azine-1:2:3:4-tetracarboxylic acid, 
ethyl ester (INGoLD and WEAVER), 
386. 

5:6-(2:3-Diphenylindole)(6:7)-quinoline, 
and its salts (ARMIT and RoBINson), 
1614. 

Diphenylmethylarsine, p-bromo- (HUNT 
and TURNER), 2670. 

ay-Dipheny1-8-methylpropane 
MAN), 93. 

ay-Diphenyl-y-methyl-A«-propene 
(TROTMAN), 92. 
a8-Diphenyl-a(a-naphthyl)-propan-8-ol 
(McKEnz1E and TATTERSALL), 2527. 
ad-Diphenyl-a-propanol. See Phenyl-s- 
phenylethylcarbinol. 
aa-Diphenyl-n-propyl alcohol, B-amino- 
(McKernziz and WILLS), 288. 

Diphenylyl-o-arsinic acid (AESCHLI-— 
MANN, Legs, McCLELAND, and NIcK- 
LIN), 68. 

oo’-Diphenylylenearsenious chloride, 
cyanide, iodide, and oxide (AESCHLI- 
MANN, Lees, McCLELAND, and NIck-— 
LIN), 68. : 

oo’-Diphenylylenearsinic acid (AESCHLI- 
MANN, Lees, McCLELAND, and. 
NIcKLIN), 68. 

Diphenylylenedimethylarsonium iodide 
(AESCHLIMANN, LEES, McCLELAND, 
and NickLIN), 69. | 

Diphenylylenemethylarsine (ArSCHLI- 
MANN, LEES, MOCLELAND, and NIcK- 
LIN), 69. 


(TRot- 
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vy'-Dipiperidinodipropy! sulphide (Ben- 
NEIT and Hock), 2676. 

Dipropyl sulphide, yy-dichloro-, and 
yy -dihydroxy-, and their derivatives 
(BENNETT and Hock), 2671. 

Dipropylmethylsulphonium 
iodide, dichloro- 
Hock), 2675. 

Dipropylsulphone, y7’-dichloro- (BEN- 
NETT and Hock), 2675. 

2:2’-Diquinolyl, homologues 
NOLLY), 20838. 

Dispersion, rotatory, of optically active 
compounds (PATTERSON and 
FULTON), 2435. 

of organic compounds (RICHARDS 
and Lowry), 238, 1503; (Lowry 
and CurTer), 604; (CUTTER, 
BurGEss, and Lowry), 1260. 

Dissociation constants of dibasic acids, 
influence of valency direction on 
(Spiers and Tuorpsg), 538. 


mercuri- 
(BENNETT and 


of (Co- 


Distillation apparatus (MyrERs and 
JONES), 4, 

2:4-Distyrylbenzopyrylium chloride, 
4’:4”:7-trthydroxy- (HEILBRON, 


WALKER, and Buck), 694. 

Distyrylchloroarsine, aa’-dichloro- 
(Hunt and Turner), 998. 

Distyryl ketones, o-hydroxy-, action of 
ethyl acetoacetate with (HxILBRON, 
ForsTER, and WHITWORTH), 2159. 

meso- and dl-Di-4’-sulphobenzenedis-4- 
azodiphenyl-8y-diamino-7-butanes, 
and their salts(MorGaANand SKINNER), 
1735. 

Disulphoxides, constitution of (MILLER 

and SMILES), 224. 
syntheses of (GIBSON, MILLER, and 
SMILEs), 1821. 

Ditellurodiacetic acid (MorGAN and 
Drew), 535. 

Ditelluromethane (MorGan and DREw), 
537. 

Diterpene, synthesis of a (RoBERTs), 
2451, 

vy -Di-p-tolyloxydipropyl 
(BENNETT and Hock), 2675. 

Di(trimethyl glucosan) (IRVINE and 
OLDHAM), 2919. 

Divanillylamine and its hydrochloride 
(JonEs and PyMAn), 2596. 

nm-Duodecoylacetone. See Lauroylace- 
tone. 

Dyads, tautomerism of (INGOLD), 1199 ; 

(GRIFFITHS and INGOLD), 1698. 


sulphide 


E. 


Earths, rare, electrometric precipitation 
of the hydroxides of (BrirTon), 
2142. 


CXXVII. 
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Ecgonine, acyl derivatives, and their 
aromatic esters (GRAY), 1150. 

Echitamine, and its salts and derivatives 
(Goopson and Henry), 1640. 

n-Kicosanoylacetone, and its copper salt 
(MorcGAN and Houtmgs), 2896. 

Eicosylamine hydrochloride (ADAM and 
DYER), 72. 

Eicosylearbamide (ADAM and DyEnR), 
73. 


Electric discharge, corona, decomposi- 
tion of carbon monoxide in (CRESPI 
and Lunt), 2052. 

Electrochemical reactions, 
(HrepcEs and Myzrs), 10138. 

Electrodes, hydrogen, titration of 

dibasic acids and dextrose with 
(Britron), 1896. 

oxygen, titration of dibasic acids and 
dextrose with (BrirTon), 1911. 

Electro-endosmosis, studies in (Farr- 
BROTHER and Masrin), 322. 

Electrolytes, action of silica on (JosEPH 
and OAKLEY), 2813. 

Electrolytic polarisation (GLASSTONEB), 
1824. 

PAS oleae ag mechanism of (GIBSON), 
475 


periodic 


Emulsifiers, effect of, on the acid hydro- 
lysis of esters (SMITH), 2602. 

Emulsin, hydrolysis of borneol glucosides 
with (MITCHELL), 208. 

Endosmosis. See Electro-endosmosis. 

Enzymes :— 

Emulsin, 

Eserethole, oxidation of, and ¢rinitro- 
(STEDMAN and Baresr), 256, 

Eseretholemethine picrate (STEDMAN 
and BARGER), 258. 

Eserine (physostigmine) (STEDMAN and 
BARGER), 247. 

Esoline ethyl ether dimethiodide, de- 
gradation of (STEDMAN and BARGER), 
257. 

Esters, effect of emulsifiers on the acid 

hydrolysis of (SMITH), 2602. 
additive compounds of acids and 

(KENDALL and Booce), 1768 ; 

(KENDALL and Kine), 1778. 

Ethane-1:2]I1:4-1-methylcyclohexa-3:5- 
dione-2-carboxylic acid, ethyl ester 
(FARMER and Ross), 2366. 

Etheserolene picrate (STEDMAN 
BARGER), 256. 

Ethoxyacetic acid, /-menthyl ester (RULE 
and SMITH), 2191. 

B-p-Ethoxyanilinobutaldehyde diethyl- 
acetal (Mason), 1034. 

4-Ethoxybenzoic acid, 3-nitro- (KING 
and Muron), 2645. 

5-Ethoxy-1:3-dimethy1-3-ethyl-2-indol- 
ine (STEDMAN and BARGER), 251, 255. 


5K 


and 
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a-Ethoxy-a-ethylbutyramide 
BERY), 307. 

6-Ethoxy-4-keto-1:2:3:4-tetrahydro- 
quinoline, and 8-chloro-, toluenesul- 
phonyl derivatives (Ciemo and 
PERKIN), 2306. 

Ethoxylutidine, amino-, and nitro-, and 
et derivatives (CoLLIE and Brsnop), 

62. 
8-Ethoxy-2-phenylbenzopyrylium ferri- 
chloride, 38-chloro- (RipGway and 
RoBINsSON), 767. 
2-Ethoxy-3-phenylcyclopropane-1:2- 
dicarboxylic acid, and its esters 
(HAERDI and THoRPE), 1242. 

Ethyl alcohol, partial pressures of 
aqueous solutions of (Doxson), 
2866. 

swelling and dispersion of colloids in 
mixtures of ether and (MARDLEs), 
2940. 

catalysis by alumina of the reaction 
between ammonia and (DorREL1L), 
2399. 

Ethyl carbonate, surface tension and 
density of (SugpEN, ReEED, and 
WILKINS), 1536. 

Ethyl ether, swelling and dispersion of 
colloids in mixtures of alcohol and 
(MARDLEs), 2940. 

oxidation of, to oxalic acid, in presence 
of uranyl nitrate (RowELL and 
RUSSELL), 2900. 
a-Ethylbutyrylearbamide, a-bromo-, 
puen of alkalis on (NEWBERY), 
B-bromo- (NEWBERY), 305. 
a-Ethylbutyrylcarbamides, a8-dibromo- 
(NEWBERY), 305. 
4-Ethylearbonatobenzoic acid, and 
R-nitro- (Kine and Murcn), 2649. 

B-Ethylearbonatopropionic acid, ethyl 
ester and nitrile, and reactions of the 
latter (CHAPMAN and STEPHEN), 888. 

a-Etbylcrotonamides (NEWBERY), 301. 

a-Ethylcrotonylcarbamides (NEWBERY), 
300. 

Ethylene dichloride, dielectric constaut 
of (HARRIs), 1066. 

Ethylenes, addition of azo-compounds 
to (INGoLD and WEAVER), 378. 

Ethylened‘aminobisacetylacetone,  i- 
aquocobalt salt (MorGAN and SmirH), 
2034. 

Ethylenic compounds, aliphatic, catalytic 
hydrogenation of (LEBEDEV, Kos.1- 
ANSKY, and YAKUBCHIK), 417. 

5-Ethylhexenones, isomeric, and their 
semicarbazone (Kon and LinsrEap), 
818, 

8-Ethyl-A4f-pentenoic acid, and its 
derivatives (KoN and LINSTEAD), 621. 


(NEw- 
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a-Ethyl-A1-cyclopentenylacetone, and its 
gemicarbazone (Kon and LINSTEAD), 
821. 

10-Ethylphenoxarsine, 
(AESCHLIMANN), 813. 

2-Ethylthiol-1:4-dimethylglyoxaline, 
salts of (BURTLES, PYMAN, and Roy- 
LANCE), 588. 

2-Ethylthiol-1-phenylglyoxaline picrate 
(BuRTLES, PYMAN, and ROYLANCE), 
590. 

Ethylvinylearbinol, resolution and rota- 
tion of, and its esters (KENYON and 
SNELLGROVE), 1175. 


and its oxide 


F, 


a- and §8-Fenchyl alcohols, and their 
esters, and their rotatory power 
(KENYON and Priston), 1472. 

Ferric and Ferrous salts. See under 
Iron. 

Films, chemistry of (Harpy), 1207. 

Fisetinidin chloride (PRatTT and RoBin- 

SON), 1186. 
trimethyl ether (PRATT and RosBIn- 
son), 170. 
Flame, movement of, in closed vessels 
(ELLIs and WHEELER), 764. 
propagation of, in mixtures of gases 
with air (WHITE), 48, 672. 
analysis of (ELLIs and Rosinson), 
760. 

isoFlavone group, syntheses in (BAKER 
and Rogpinson), 1981. 

Flavylium chloride, 3:5:7:3’-tetrahydr- 
oxy- (PRATT and Rosinson), 1186. 

Fluorine :— 

Hydrofluoric acid, freezing points of 
(AnTHONY and HupLzEsTon), 1122. 

Formaldehyde, vapour pressure of, in 
aqueous solutions (BLAIR and LED- 
BURY), 26. 

partial vapour pressure of, in its 
aqueous solutions (LEDBURY and 
BLAIR), 2832. 

Formazylbenzene, dibromo- (CHATTA- 
WAY and WALKER), 982. 

Formic acid, velocity of reaction of 
bromine with (HAmMMmick, HurcHi- 
son, and SNELL), 2715. 

action of, on sesquiterpenes (ROBERT- 
SON, Kerr, and HENDERSON), 1944. 

caryophyllene ester (ROBERTSON, 
KERR, and HENDERSON), 1945. 

Fractionating column, improved (MyErs 
and JONES), 4. 

Fumaric acid, Rontgen ray structure of 

(YARDLEY), 2207. 
thallous salt (CHRISTIE and MENZIES), 
2370, 


INDEX OF SUBJECTS. 


Fumaric acid, dimethyl ester, surface 
tension of (SucpEN and WHuiTt- 
TAKER), 1873. 

Fusain, oxidation of (TiIpESwELL and 
WHEELER), 125. 


G. 


Galangin 3-methyl ether, and its di- 
acetyl derivative (KALFF and RosIn- 
son), 181. 

-Galanginidin chloride 

Ropinson), 1135. 
and its 3-methyl ether (MALKIN 
and Rosinson), 1192. 

Gardenia turgida, d-mannitol 
(ForsTER and RAo), 2176. 

Gases, combustion of, with air (WHITE), 

48, 672. 
ignition of (WHEELER), 14. 

Gas analysis apparatus, 
(Murray), 769. 

Gas circulating apparatus (PEARSON 
and THoMAs), 2450; (CHATTERJI and 
Fino), 2464. 

Germanibenzoic 
germanonic acid. 

Germanium organic compounds, aromatic 

(MorGAN and DrEw), 1760. 
Germanium triphenyl. See Tetra- 
phenylgermane. 

Glass, absorption of water on surfaces of 
(McHAFFI£ and LENHER), 1559. 

B-Glucosan, polymerisation of (IRVINE 
and OLDHAM), 2903. 

d-Glucose. See Dextrose. 

Glucosides (CRAIK and MAcBETH), 1637. 

Glutaconic acids, chemistry of (Goss, 
INGOLD, and THORPE), 460. 

Glutardialdoxime, preparation of 
(SHAW), 215. 

Glutaric acids, aa’-dibromo-, configur- 
ation of, and aa’-dziodo-, and their 
derivatives (ING and PERKIN), 2387. 

Glycerol, ionic activity of water in 

aqueous solutions of (CoLvIN), 2788. 
liquid and vapour phases of aqueous 
mixtures of (IyER and UsHER), 841. 
sulphonic and benzoic acid esters of 
(FAIRBOURNE and FosTER), 2762. 
glucoside (GILCHRIST and PuURVss), 
2735. 

Glycols, synthesis of, from atrolactinic 
acid (RoGER), 518. 

Glycollic acid, 7-menthyl ester (RULE 
and SmirH), 2191. 

Glyoxalines, methylation of (ForsyrTH 
and PyMan), 578. 

Glyoxaline-4/(or 5’)-carboxy-p-amino-3- 
aminophenylarsinic acid, and its salts 
and derivatives (BALABAN and KIN@), 
2709. 


(PRATT and 


from 


portable 


acid. See Phenyl- 
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Glyoxaline-4(or 5)-carboxyaminoanil- 
ides, and their derivatives (BALABAN 
and Kine), 2706. 

Glyoxaline-4’(or 5’)-carboxy-p-amino-3- 
nitrophenylarsinic acid, and its salts 
(BALABAN and Krn@), 2708. 

Glyoxaline-4(or 5’)-carboxy-y-amino- 
phenylarsinic acid, and its salts 
(BALABAN and Kine), 2708. 

Glyoxaline-4(or 5)-carboxynitroanilides, 
and their derivatives (BALABAN and 
KING), 2705. 

Glyoxaline-4(or 5)-phenyl-p-arsinic acid, 
and its salts (BALABAN and KING), 
2712. 

Gold, catalysis of the decomposition of 
hydriodic acid by (HINSHELWoOoD and 
PRICHARD), 1552. 

Graphite, activated, sorption of oxygen 
by (BANGHAM and SraFrrorp), 1085. 
Grignard reagents, action of aldehydes 

on (MARSHALL), 2184. 

Guaiacol, thallous salt (CHRISTIE and 

MENZIES), 2373. 


H. 


Halogens, lability of, in organic com- 
pounds (MAcBETH and TRAILL), 892, 
1118. 

n-Heptadecoylacetone. 
acetone. 

cycloHeptane, multiplanar configuration 
of (BAKER), 1678. 

cycloHeptane-1:1-diacetic acid, oa’-di- 
hydroxy-, and its silver salt (BAKER), 
1681. 

cycloHeptanespiro-1-methoxycyc/vpro- 
pane-1:2-dicarboxylic acid (BAKER), 
1680, 

Heptodilactone (BENNETT), 1277. 

2-n-Heptylcyclotelluripentane-3:5-dione 
1:1-dichloride (MorGan and TayLor), 
805. 

2-n-Heptylcyciotelluropentane-3:5-dione 
(MorGAN and Taytor), 805. 

n-Hexadecoylacetone. See Palmitoyl- 
acetone. 

Hexamethylene disulphide 
and Hock), 2676, 

Hexamethyl glycerol glucoside (GiL- 
CHRIST and PurvEs), 2740. 

cycloHexane-1-acetic acid, 1:2-d¢bromo-, 
ethyl ester (BAKER), 988. 

cycloHexane-1:2-diacetic acid, 1:2-di- 
hydroxy-, lactone (BAKER), 989. 

cycloHexanesulphonic acid, salts and 
derivatives of (KoLKER and Lap- 
WORTH), 312, 

Hexaphenyldigermane 
DREW), 1764. 


See Margaroyl- 


(BENNETT 


(Morean and 
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cycloHexene, action of hydrogen sul phites 
on (KOLKER and LApworrH), 312. 
A'-cycloHexeneacetic acid, 2-bromo-, 
ethyl ester (BAKER), 988. 
A1-cycloHexene-1-acetic-2-malonic acid, 
and its ethyl ester (BAKER), 988. 
A}-cycloHexene-1;2-diacetic 
(BAKER), 990. 
cycloHexylideneazine, action of hydro- 
chloric acid on (PERKIN and PLANT), 
1138. 
cycloHexylidenecyc/open tylideneazine 
(PERKIN and Puan’), 1141. 
2-n-Hexylcyclotelluripentane-3:5-dione 
1:1-dichloride (MORGAN and TAYLOR), 
804. 
2-1-Hexylcyclotelluropentane-3:5-dione 
(MorGAN and TayLor), 805. 
V-Homopiperonyl-4:5-dimethoxyhomo- 
phthalamic acid, and its methyl ester 
(HAworTH, PERKIN, and PInk), 
1720. 
2-Homopiperonyl1-6:7-dimethoxyhomo- 
phthalimide, and its dimethyl deriv- 
ative (HAwoRTH, PERKIN, and PINK), 
1720, 
2-Homopiperony1-6:7-dimethoxy- 1-iso- 
quinolone, 38-chloro- (HaAworru, 
PERKIN, and Pink), 1720. 
2-Homopiperonyl-4:4-dimethylhomo- 
phthalimide (HAworrH, PERKIN, and 
Pink) 717; 
NV-Homopiperonylhomophthalamic acid, 
and its amide and methyl ester 
(HAWORTH, PERKIN, and Pink), 1718. 
2-Homopiperonylhomophthalimide (H4- 
WORTH, PERKIN, and Pink), 1717. 
3-Homopiperonyl-2-methylchromone, 


acid 


7-hydroxy-, and its derivatives 
(BAKER and Rosinson), 1431. 
Homopiperonylpeanol (BAKER and 


ROBINSON), 1480. 
2-Homopiperonyl-1-z¢soquinolone, 
3-chloro- (HAWORTH, PERKIN, and 
PINK), 1717. 
Homopiperonylresacetophenone (BAKER 
and Ropinson), 1430. 
Homoveratroylhomopiperonylamine, 
6’-bromo- (HAWoRTH and PERKIN), 
1451, 
3-Homoveratry1-2-methylchromone, 
7-hydroxy-, and its acetyl derivative 
(Baker and Rosinson), 1483. 
Homoveratrylresacetophenone (BAKER 
and Rogpinson), 1433. 

' r-Hydratropic acid, 8-chloro-, resolution 
of (McKEnz1z and STRATHERN), 86. 
Hydrazine hydrate, action of, on 
phenanthraquinone (DuTr), 2971. 
Hydrazones, coloured sulphuric acid 
solutions of (CHATTAWAY, IRELAND, 

and WALKER), 1851. 
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Hydrazotricarboxylic acid, ethyl ester 
(INGoLD and WEAVER), 382. 
Hydrindamine, hydroxy-, chlorobromo- 


methane sulphonates (REaD and 
McMatn), 1587. 
1-Hydrindones, 2-oximino-, action of 


phosphorus pentachloride on (Ha- 

WorTH and PINK), 1368. 

Hydriodic acid. See under Iodine. 

Hydrocarbon :— 

C,;H., from cedrene and formic acid 
(RoBERTSON, KzuRR, and HENDER- 
SON), 1946, 

C,;H., from formic acid and cadinene 
(Roprrrson, Kerr, and HENDER- 
son), 1946. 

Hydrocarbons, Rontgen ray investiga 
tion of (MULLER and SaAvILLE- 
599. 

ethylenic, combination of hydrogen 
sulphites with (KoLKER and Lav- 
WORTH), 807. 

paraffin, ignition of mixtures of air 
with (WHEELER), 14, 

from paraffin wax, constitution of 


(PirpER, Brown, and DyMeEn7), 
2194, 
polynuclear, Tesla-luminescence 


spectra of (McVickER, Marsu, and 
STEWART), 999, 

quaternary, preparation of (TRoTMAN), 
88. 


Hydrochloric acid. See under Chlorine. 

Hydroferricyanic acid, potassium salt, 
oxidation of carbohydrates by 
(KnEecHT and HiBBERT), 2854. 

Hydrofluoric acid. See under Fluorine. 

Hydrogen, effect of ultra-violet light on 
dry mixtures of oxygen and (BAKER 
and CARLTON), 1990. 

action of carbon dioxide with, on the 
surface of tungsten (HINSHELWOOD 
and PRICHARD), 1546, 

action of carbon dioxide with, on 
platinum (PRicHARD and HINSHEL- 
woop), 806. 

photochemical reaction between 
chlorine and (NorrisH), 2316. 

photochemical reaction — between 
chlorine and, in presence of oxygen 
(NorrisH and RipEAL), 787. | 

ions, coagulation of colloidal solutions) 
by (WEIR), 2245. 

Hydrogen peroxide, decomposition of, 
by cobaltic hydroxide (TryHorn 
and JEssoP), 1320, 

phosphide (phosphorus hydride; 
phosphine), spectrum of (EMELKUs), 
1362. 


sulphites. See under Sulphur. 
Hydrogen electrodes. See Electrodes. 
Hypochlorous acid. See under Chlorine. 
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Ignition of gases (WHEELER), 14. 
Imino-aryl ethers (CHAPMAN), 1992. 
isoIndole-2-oxide, 1-hydroxy- (GRIFFITHS 
and INGoLp), 1706. 
W-Indoxylspirocyclopentane, alkali de- 
rivatives of (Stpewick and PLANT), 
209. 
Interfaces, 
e 1207. 
Iodine, influence of electrolytes on the 
solubility of, in water (CARTER), 
2861. 
hydrolysis of,measured by the iodine 
electrode (MURRAY), 882. 
compound of starch with (Murray), 


chemistry of (Harpy), 


1288. 
Hydriodic acid, catalytic decom- 
position of, at gold surfaces 


(HINSHELWOOD and PRICHARD), 


1552. 
catalytic decomposition of, on 
platinum (HINSHELWOOD and 


Burk), 2896. 
reduction of halogenated malonyl 
derivatives by (WEsT), 748. 
Iodides, effect of light on reaction of 
ferric salts with (RimpEAL and 
WILLIAMS), 258. 
Ions, complex, in aqueous solutions 
(PATTERSON and DucKETT), 624. 
Tron :— 
Ferric salts, effect of light on the 
reaction of iodides with (RIDEAL 
and WILLIAMS), 258. 
hydroxide, electrometric precipit- 
ation of (BriTTon), 2148. 
Ferrous hydroxide, electrometric pre- 
cipitation of (BRITTON), 2110. 
sulphate, equilibrium of aluminium 
sulphate, water,and (OcCLESHAW), 
2598. 

Isatin, absorption spectra of, and its 
ethers (Morton and RoGERs), 2698. 
Isomerism, dynamic (FAULKNER and 

Lowry), 1080; (Lowry), 1371; 
(Lowry and RicHarps), 1385; 
(Lowry and FAULKNER), 2883. 
geometric, and surface tension (Sue- 
DEN and WHITTAKER), 1868. 
in aromatic compounds (CHAPMAN), 
2818. 


K. 


Kamala, Indian, constitution of (DuTT), 
2044, 

Keto-7-demethylo-/-corydaline 
WORTH and PERKIN), 1461. 


(Ha- 
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a-Keto-88-dimethylglutaric acid, and its 
ethyl ester (ROTHSTEIN, STEVENSON, 
and THORPE), 1079. 
a-Keto-88-dimethylpentane-ay-dicarb- 
oxylic acid, and its diethyl ester 
(ROTHSTEIN, STEVENSON, and THORPE), 
1077. 
3-Keto-2:2-diphenyltetrahydroquinoxal- 
ine-4-carboxylic acid, ethyl ester, and 
its acetyl derivative (INGoLD and 
WEAVFR), 384. 
B-Keto-esters, enolic, 
(Sip@wick),. 907. 
1:4-endo-Keto-2-keto-3:3-diphenyltetra- 
hydroquinoxaline, and its chloro- 
derivatives (INGoLD and WEAVER), 
384. 
4-Ketomethyl]-1:2:3:4-tetrahydroquinol- 
ines, and their derivatives (CLEMO and 
PERKIN), 2303. 
Ketones, and their derivatives, ab- 
sorption spectra of (PURVIS), 9. 
reactions of tellurium tetrachloride 
with (MorGAN and Evins), 2625. 
saturated aliphatic, Rontgen ray in- 
vestigation of (SAVILLE and 
SHEARER), 591. 
4-Ketopalmitic acid, and its oxime (G. M. 
and R. Ropinson), 180. 
1-Keto-2-phenyl-3:5-dimethyl-1:2-di- 
hydro-2:4:6-naphthaisotriazine (GUL- 
LAND and Rosinson), 1498. 
4-Keto-2:3:3-triphenyldimethylene- 1:2- 
di-imine-1-carboxylic acid, ethyl ester 
(INGOLD and WEAVER), 383. 
2-Keto-3:3 4-triphenyl-1-p-nitrobenzyl- 
trimethyleneimine (INGoLD and 
WEAVER), 386. 
Ketotriphenyloxadiazole (INGoLD 
WEAVER), 384. 
4-Keto-1:2:8:4-tetrahydro-n- and -iso- 
quinolines, synthesis of (CLEMO and 
PERKIN), 2297. 
4-Keto-1:2:8:4-tetrahydroquinoline, 6- 
hydroxy- (CLEMo and PERKIN), 2307. 


structure of 


and 


L. 


Lactarinie acid, synthesis of, and its 
oxime (G. M. and R. Rosrnson), 175. 
Lactone, O,H,,03, and its derivatives, 
from Alstonia bark (Goopson and 
HENRY), 1647. 
C,5H,,0, from ethyl sodioethyl- 
malonate and phenacyl bromide 
(R. M. and J. N. RAy), 2725. 
C16Hy,0,, from ethyl sodiozsopropyl- 
malonate and _ phenacyl bromide 
(R. M. and J. N. RAy), 2723. 
CaoH,0,, from ethyl sodiobenzyl- 
malonate and phenacyl bromide 
(R. M. and J. N. Ray), 2723. 
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Laurie acid, potassium salt, effect of 
potassium chloride on solutions of 
(Quick), 1401. 

Lauroylacetone, and its copper salt 
(MorcaAN and HotmEs), 2894. 

Lead, adsorption of, by platinum (Max- 

TED), 73. 

effect of colloids on the displacement 
of, in its salts by zinc (Gray), 
776. 

Lead di- and tetra-hydrides (WEEKS), 

2845. 

hydroxide, electrometric precipitation 
of (BRITTON), 2148. 

nitrate, complex formation in solutions 
of (GLASSTONE and Ria@s), 2846. 

Lectures delivered before the Chemical 
Society (HARDY), 1207. 

Lignin, chemistry of 
WHITTAKER), 132. 

Lignol (POWELL and WHITTAKER), 134. 

Limonene, action of hydrogen peroxide 
on (Sworp), 16382. 

Liquids, dielectric constants of (SAYCE 
and BrIscog), 315 ; (HARRIS), 1049. 

Lithium, arc spectrum of (AUvSsTIN), 
1752. 

Lotoflavinidin chloride (PrattT 
Rogpinson), 1134. 

Luteolinidin chloride (Prarr and Rosin- 
SON), 11385. 

2:6-Lutidine, 3-amino-, and its hydro- 
chloride (GULLAND and Rosgtnsoy), 
1495. 

Lutidineazoanisole, and its hydro- 
chloride (GULLAND and Roxtnson), 
1496. 


(POWELL and 


and 


M. 


Magnesium hydroxide, electrometric 
precipitation of (BRITTON), 2110. 
Malachite, formation of, from. basic 
cupric carbonate (HEPBURN), 1007. 
Maleic acid, Réntgen ray structure of 
(YARDLEY), 2207. 


thallous salt (CHRISTIE and Mewzizs), | 


2370. 
dimethyl ester, surface tension of 
(Su@DEN and WHITTAKER), 1873. 
Malondizsopropylamide, and  bromo- 
(West), 750. 
Malonic acid, dissociation constants of 
(BRITTON), 1906. 
alkaline earth salts, solubilities of 
(WALKER), 62. 
chloronitro-, ethyl ester (MaAcBETH 
and TRAILL), 1121. 
di-8-chloroethyl ester 
1278. 
diethyl] ester, addition of, to anils 
(WAYNE and CoHEN), 450, 


(BENNETT), 
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Malonic acid, potassium ethyl ester, 

electrolysis of (ROBERTSON), 2057. 

¢-menthyl hydrogen ester (RULE and 
SMITH), 2192. 

Malonic acid, halogen derivatives, quan- 
titative reduction of, by hydriodic 
acid (WEsT), 748. 

Malonmonobenzylmono-p-tolylamide, 
and bromo- (WEsT), 751. 

Malonmono/sobutylamide, and bromo- 
(West), 750. 

Malonmono/sobutylmono-p-tolylamide, 
and bromo- (WEstT), 751. 

Malonmonoethylamide, and 
(West), 750. 

Malonmonoethylmono-p-bromopheny]l- 
amide, bromo- (WEsr), 751. 

Malonmonoethylmonophenylamide 
(West), 750. 

Malonmonoethylmono/sopropylamide, 
and bromo- (WEstT), 750. ; 

Malonmonoethylmono-p-tolylamide, 
and bromo- (West), 751. 

Malonmonomethylmono-p-bromophenyl- 
amide, bromo- (WsksT), 751. 

Malonmonomethylmonophenylamide 
(West), 750. 

Malonmonomethylmono-p-tolylamide, 
and bromo- (West), 751. 

Malonmono/sopropylamide, and bromo- 
(West), 750. 

Malonmonoisopropylmono-p-tolylamide, 
and bromo- (Wsst), 751. 

Malonmono-p-tolylamide, 
(West), 752. 

Malon-p-toluidide, bromo- (WzstT), 752. 

Maltodextrins (LING and NANJI), 636. 

Mandelic acids, optically active, con- 
figurations of (CLouGH), 2808. 

Mandelonitrile, transformation of, to 
the zso-form (Woop and LILLEy), 95. 

Manganese, atomic volume of (CAmp- 
BELL), 1487. 

Manganese hydroxide, electrometric 

precipitation of (BriTTon), 2110. 
sulphate, equilibrium of aluminium 
sulphate, water, and (CAVEN and 
MITCHELL), 527. 
d-Mannitol from Gardenia 
(ForsTER and Kao), 2176. 

Margaroylacetone, and its copper salt 
(MoRGAN and Hotmss), 2895, 

m-Meconine, nitration of (RAy and 
Rosrnson), 1618. 

Meconines, synthesis of (EDWARDS, 
PERKIN, and SToyLE), 195, 

Menthanedisulphonic acid, barium salt 
(KoLKER and LApwortH), 314. 

dl-n- and -iso-Menthones, derivatives of 
(READ and Coax), 2785. 

a series (READ and Cook), 
2782. 


bromo- 


bromo- 


turgida 
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5-Menthylsemicarbazide, and its hydro- 
chloride and benzylidene derivative 
(WILSON and CRAWFoRD), 106. 


Mercaptans, physiological action of 
(HuNTER), 911. 
Mercuration of aromatic compounds 


(CoFFEY), 1029. 
Mercury, purification of (RussELL and 
Evans), 2221. 
eoporpbige of, by platinum (MAXTED), 
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Mercury alloys, determination of metals 

) in (RussELL and Evans), 2221. 
Mercuric hydroxide,  electrometric 

precipitation of (BRITTON), 2148. 

Mesaconic acid, dimethyl ester, surface 
tension of (SUGDEN and WHITTAKER), 
1873. 

Metals, periodic dissolution of (HEDGES 

and Mysgrs), 445. 

determination of, in amalgams 
(RussELL and Evans), 2221. 

Metallic couples, decomposition of water 

by (HEpGEs and Myers), 495. 

halides, dithiolated, heats of chelation 
of (MorGAN, CARTER, and HARRI- 
son), 1917. 

hydroxides, electrometric studies of 
the precipitation of (BRITTON), 2110, 
2120, 2142, 2148. 

salts, relationship of, in dilute aqueous 
solutions (CARRINGTON, HIcKson, 
and PATTERSON), 2544. 

Methane, and its homologues, ignition 
of mixtures of air with (WHEELER), 14. 

Methanesulphonic acid, chlorobromo-, 
optical activity of, and its salts (READ 
and McMarTs), 1572. 

Methanesulphonyl groups, directing 
influence of (Twist and SMILEs), 
1248. 

4- and -5-Methoxyacetanthranils (H&IL- 
BRON, KITCHEN, PARKES, and SUT- 
TON), 2173. 

Methoxyacetic acid, /-menthyl 
(RuLE and SmiTH), 2191. 

w-Methoxyacetoveratrone (PRATT and 
Rosinson), 170. 

Methoxyanthrones, hydroxy-, and their 


ester 


diacetyl derivatives (MILLER and 
PERKIN), 2688, 
3-Methoxybenzaldehyde, bromo- and 


nitro-derivatives, and their deriv- 
atives (HopGson and BEARD), 878. 
4-Methoxybenzaldehyde, 2-hydroxy-. 
See 4-Methoxy-A-resorcylaldehyde. 
5-Methoxybenzaldehyde, 3-bromo- and 
3-nitro-2-hydroxy-, and their p-nitro- 
phenylhydrazones (RUBENSTEIN), 
2000. 
9-Methoxy-a-benzaldoxime, benzoyl de- 
rivative (BRADY and McHuen), 2421. 
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Methoxybenzils, di- and ¢tri-hydroxy-, 
and their acetyl derivatives (MARSH 
and STEPHEN), 1636. 

3-Methoxybenzoic acid, bromo-deriv- 
atives (HopGson and Brarp), 880. 

4-Methoxybenzoic acid, 5-bromo-2- 
amino-, salts and 2-acetyl derivative 
of (GrirFirH and Hops), 993. 
1-Methoxy-2:3-benzoxazine (GRIFFITHS 
and Incoup), 1704. 
o-Methoxybenzoyl cyanide (Marsu and 
STEPHEN), 1635. 
2-0-Methoxybenzylidene-4:6-diacetoxy- 
coumaranone, and its dibromide 
(KALFF and Roprnson), 1969. 

Methoxybenzylmandelic acids (MALKIN 
and RoBInson), 376. 

Methoxycaronic acid, ethyl ester (RoTH- 
STEIN, STEVENSON, and THORPE), 
1079. 

4-Methoxycinnamic anhydride (Ronin- 
soN and SHINODA), 1977. 

6-Methoxydihydroquinoline, 3-chloro-, 
toluene-p-sulphony] derivative (CLEMO 
and PERKIN), 2306. 

4’-Methoxy-4’’-dimethylamino-2:4-di- 
styrylbenzopyrylium chloride, 7-hydr- 
oxy- (HEILBRON, WALKER, and 
Buck), 695. 

7-Methoxy-4’-dimethylamino-2-styryl- 
1-methyl-4-quinazolone (HEILBLON, 
KITCHEN, PARKEs, and SuTTON), 2175. 

Methoxydimethyl-4-quinazolones 
(HEILBRON, KITCHEN, PARKES, and 
Sutton), 2173. 

B-Methoxy-ay-diphenylpropane, a-hydr- 
oxy- (MALKIN and Rosrnson), 377. 

Methoxy-2:4-distyrylbenzopyrylium 
chloride, di- and ¢ri-hydroxy- (HRIL- 
BRON, WALKER, and Buck), 695. 

3-Methoxy-2-ethoxybenzaldehyde, 
6-nitro-, and its p-nitrophenylhydr- 
azone (RUBENSTEIN), 2269. 

4-Methoxy-2-ethoxybenzaldehyde, and 
5-nitro-, and their derivatives (Rao, 
SRIKANTIA, and IYENGAR), 559. 

3-Methoxy-2-ethoxybenzoic acid, 6- 
nitro- (RUBENSTEIN), 2269. 

3-Methoxy-2-ethoxybenzylidene-p- 
toluidine, 5- and 6-nitro- (RUBEN- 
STEIN), 2268. 

4’-Methoxy-8-ethoxy-2-phenylbenzo- 
pyrylium ferrichloride, _3-chloro- 
(RipGway and Ropinson), 768. 

7-Methoxy isoflavone (BAKER and RoBIN- 
son), 1986. 

7-Methoxy-3-homoveratry1-2-methyl- 
chromoue (BAKER and RosiNson), 
1433. 

3-Methoxy-5:7-dihydroxy-2-methy1- 
chromone (Karr and Rosginson),, 
1972. 
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3-(4’-Methoxy-2’-hydroxy)phenyl-5-p- 
dimethylaminostyryl-A®-cyclohexen- 


l-one (HeILBRON, Forster, and 
WuHItTWorTR), 2166, 
3’-Methoxy-4’-hydroxystilbene, 2:4-di- 


nitro- (GULLAND and RoBINson), 1503. 

3-Methoxy-5:7-dihydroxy-2-styryl- 
chromone (Rogpinson and Surnopa), 
1077: 

3-Methoxy-4-hydroxystyry] ethyl ketone 
(McGookIN and SINCLAIR), 2543. 

3-Methoxy-4-hydroxystyryl n-propyl 
ketone (McGookIN and Srncnarr) 
25438. 

1-Methoxy?soindole-2-oxide (GRIFFITHS 
and INGoup), 1708. 

Methoxyl groups, estimation of, micro- 
chemically (Smiru), 912, 

6-Methoxy-4-keto-1 :2:3:4-tetrahydro- 
quinoline, and its toluene-p-sulphonyl 
derivative (CLEMO and PERKIN), 
2305. 

2-p-Methoxy-3-p-methoxybenzylquin- 
oxaline (MALKIN and Rosrnson), 
376. 

1-Methoxy-3-o-methoxyphenyl-5-p- 
dimethylaminostyryl-A1l:5-cyclohexa- 
diene-2-carboxylic acid, ethy! ester 
(HEILBRON, Forster, and Wuir- 
WORTH), 2165. 


3 


Methoxymethylanthranilic acids, and 


their amides (HEILBRON, KITCHEN, 
Parkes, and Sutton), 2173. 
4-Methoxy-3-methyl-a- and -8-benzald- 
oximes, and the acetyl derivative of 
the a-form (Brapy, Cosson, and 
Roperr), 2431. 
4-Methoxy-3-methylbenzoic acid 
(Brapy, Cosson, and Ropgr), 24381. 
4-Methoxy-3-methylbenzonitrile 
(BRADY, Cosson, and Roper), 2481. 
3-Methoxy-6:7-methylenedioxy-2-(3:4- 
dimethoxyphenyl)quinoline (PRATT 
and Rosinson), 170. 
3”’-Methoxy-3’:4’-methylenedioxy-2:4- 
distyrylbenzopyrylium chloride, 4’’:7- 
dihydroxy- (Hxrisroy, WALKER, 
and Buck), 696. 
3-Methoxy-6:7-methylenedioxy-2- 
(4-methoxyphenyl)quinoline (Pratr 
and Ropinson), 170. 
Methoxy-3’:4’-methylenedioxy-2-styryl- 
1-methyl-4-quinazolones (HEILBRON, 
KircnEen, Parxzs, and SurTon), 
2174, 
3-Methoxy-6: 7-methylenedioxy-2- 
(3:4:5-trimethoxypheny] quinoline, 
Hs its salts (PRATT and RoBrnson), 
173. 


Methoxymethylisatoic 
_ (HeILsron, Kircuen, 
SUTTON), 2174, 


anhydrides 
PARKES, and 


INDEX OF 
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3-Methoxy-3-methylcyclopropane-1:2- 
dicarboxylic acid, constitution of, and 
-its anhydride (Goss, Incotp, and 
THORPE), 468, 

6- and 7-Methoxy-2-methyl-4-quinazo- 
lones (HEILBRON, KiTCHEN, PARKEs, 
and Surtron), 2173. 

4-Methoxy-6-methylquinoline 
and PERKIN), 2305. 

4-Methoxyphenyl benzyl diketone (MAtL- 
KIN and Rosrnson), 875. 
2-p-Methoxyphenyl-3-benzylquinoxaline 
(MALKIN and Roprnson), 375. 
4-Methoxyphenyl :4-dimethoxystyryl 
ketone (MALKIN and Roprnson), 375. 
3-o-Methoxypheny]-5-p-dimethylamino- 
styryl-A°-cyclohexen-1-one-2-carb- 
oxylic acid, ethyl ester (HEILBRON, 
Forster, and WHITWoRTH), 2164. 

3-Methoxy-2-8-phenylethylchromone, 7- 
hydroxy- (Roprnson and SurnopA), 
1976. 

7-Methoxy-4-phenylflavylium 
(ArMIT and Rosrnson), 1617. 

4-Methoxyphenyl 4-methoxybenzyl di- 
ketone (MALKIN and ROBINSON), 
375, 

4-Methoxyphenyl B-methoxystyryl 
ketone (MALKIN and Rosrnson), 375. 

4’-Methoxy-2-phenyl-4-styrylbenzo- 
pyrylium chloride, 6:7-dihydroxy- 
(WALKER and HEILBRON), 687. 

1-Methoxyphenyl-4-telluritrichloride, 
2-hydroxy- (Morcan and Drew), 
2314. 

NV-Methoxyphthalimidine 
and INGoLp), 1707. 

4-Methoxy-8-resorcylaldehyde, 5-nitro-, 
and its derivatives (RAO, SRIKANTIA, 
and IyENGAR), 557. 

Methoxyrottlerin, and its derivatives 
(Durr), 2047. 

a-Methoxystyrene, preparation and nitra- 
tion of (C. K. and KE. H. Inconp), 
872. 

3-Methoxy-2-styrylchromone, 7-hydroxy- 
(Roprnson and SHinopa), 1975. 

7-Methoxy-2-styrylisoflavone (BAKER 
and RoBINson), 1986. 

Methoxystyrylmethylbenzopyrylium 
chlorides, hydroxy-derivatives (HEIL- 
BRON, WALKER, and Buck), 693. 

4’-Methoxy-2-styryl-8-methyl-4.quin- 
azolone (HEILBRON, KITCHEN, 
PARKES, and Surron), 2171. 

4-Methoxytoluene, 5-chloro-2-amino-, 
and its acetyl derivative (HEILBRON, 
KircHEN, Parkes, and Surron), 
2175. 

a-Methoxyvinyl groups, directing effect 
of, in aromatic substitution (O. K. and 
E. H. Incoup), 870. 


(CLEMO 


salts 


(GRIFFITHS 
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Methyl alcohol, preparation of, pure 
(HARTLEY and Raikss), 524. 
8-Methyl] ay-dichlorohydrin (GILCHRIST 
and PurvEs), 2748. 
8-Methyladipic-S8-acetic acid, prepar- 
ation of (FARMER and Ross), 2368. 
Methylamine, detection of, in presence 
of ammonia (VALTON), 40. 
2-Methylamino-5-ethoxy-4-methyl-4:5- 
dihydrothiazole, and its salts 
(BURTLES, PyMAN, and RoyLAncs), 
587. 
2-Methylamino-4-methylthiazole, and 
its hydrochloride (BuRTLES, PYMAN, 
and RoYLANCcB), 588. 
a-Methylaminopropionacetal (BURTLES, 
PyMAN, and KOYLANCE), 586. 
Methylanthranilic acid, derivatives of 
(HEILBRON, KITCHEN, PARKES, and 
Sutron), 2171. 
Methylation, wandering of acetyl groups 
in (KuBoTA and PERKIN), 1889. 
4-Methyl-a- and _ -§-benzaldoximes, 
3-nitro-, and their derivatives (BRADY, 
Cosson, and Rorrr), 2431. 
Methylbenzoin (RocER), 523. 


3-Methyl-3-‘sccarboline (ARMIT and 
Rosinson), 1611. 
4-Methyl-1:2-chlorophthalide, 4-di- 


chloro- (PERKIN and SToNnzE), 2292. 
2-Methylcinchoninic acid, 3-amino-, and 
its methyl ester, and their acetyl 
derivatives (GULLAND and ROBINSON), 
1497, 
6-Methyl-1:1’-diethylcarbocyanine 
iodide (MiLLs and RAPER), 2474. 
3-Methyldipropionylmethane, and its 
copper salt (MorGAN and TayLor), 
799. 
Methylenebistelluriacetone 
(MorGAN and Drew), 537. 
Methylenebistelluri/richloride( MorGAN 
and Drew), 534. 
3:4-Methylenedioxy-a-benzaldoxime, 
acetyl and benzoyl] derivatives (BRADY 
and McHueu), 2420, 2422. 
2:3-Methylenedioxydihydroprotoberber- 
ine, and its salts (HAworrH, PERKIN, 
and PINK), 1722. 
6:7-Methylenedioxy-3’:4’-dimethoxy- 
1-benzoy1-3:4-dihydroisoquinoline 
methiodide (HaworTH, PERKIN, and 
RANKIN), 2020. 
6:7-Methylenedioxy-2’:3’-dimethoxy- 
2-benzyl-1-nitromethyl-1:2:3:4-tetra- 
hydroisvquinoline (Haworra and 
Perkin), 1441. 
Methylenedioxy-2:4-distyrylbenzo- 
pyrylium chlorides, trihydroxy-(HEIL- 
BRON, WALKER, and Buck), 696. 
4:5-Methylenedioxyhomophthalamic 
acid (HAWoRTH and Pink), 1371. 


dichloride 
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4:5-Methylenedioxyhomophthalimide 
(HaworrH and Pink), 1371. 

2:3-Methylenedioxyoxydihydrozsoproto- 
berberine (HAworTH, PERKIN, and 
PINK), 1719. 

2:3-Methylenedioxyoxyprotoberberines 
(HAWoRTH, PERKIN, and _ PINK), 
L718, 

7:8-Methylenedioxy-11-phenylindeno- 
quinoline, and its derivatives (ARMIT 
and Rosinson), 1610. 

2:3-Methylenedioxyprotoberberine, salts 
of (HAWORTH, PERKIN, and PINK), 
1722. 

3’:4’-Methylenedioxystilbene, 4-nitro- 
2-amino- and 2:4-dinitro- (GULLAND 
and ROBINSON), 1502. 

3’:4’-Methylenedioxy-2-styryl-3-methyl- 
4-quinazolone (HEILBRON, KITCHEN, 
PARKES, and SurTon), 2171. 

2:3-Methylenedioxytetrahydroproto- 
berberines, and their salts (HaAwoRTH, 
PERKIN, and PINK), 1718. 

8-Methyl-8-ethylacrylic acid (Kon and 
LINSTEAD), 623. 

Methyl ethyl ketone, condensation of 
salicylaldehyde with (McGooKIN and 
SINCLAIR), 2542. 

10-Methyl-10-ethylphenoxarsonium 
salts (AESCHLIMANN), 814. 

3-Methyl-3-ethylpropionylacetone 
(MorGAN and Cory), 2617. 

2-Methy1-4-ethylcyclotelluropentane- 
-3:5-dione oximes (MorGAN and KEL- 
LETT),\ 2621, 

2-Methylisoflavone, 7-mono- and 5:7-dt- 
hydroxy-, and their derivatives 
(BAKER and Rosinson), 1984. 

Methylglucoside, derivatives of (OLD- 
HAM), 2844, 

a-Methylglutaric acid, y-bromo-, 
y-chloro-, hydroxy-, and a-iodo-, salts 
and derivatives of (INGOLD), 393. 

a-Methyl glycerol (GILCHRIST and 
PuRVES), 2744. 

2-Methylglyoxaline, 4(5)-nitro-5(4)- 
thiol-, and its ammonium salt 
(BHAGWAT and PyMAN), 1835. 

4(5)-Methylglyoxaline, 2-amino-, picrate 
(BURTLES and PyMAN), 2017. 

1-Methylcyclohexan-3-one-l-acetic acid, 
and its ethyl ester, and their deriv- 
atives (FARMER and Ross), 2365. 

1-Methylcyclohexan-3-one-4-carboxylic- 
l-acetic acid, ethyl esters (FARMER 
and Ross), 2364, 23866. 

1-Methylcyclohexylidene-4-acetic acid, 
rotatory dispersion of (RICHARDS and 
Lowry), 238. 

1-Methyl-2-methylene-1:2-dihydro- 
B-naphthaquinoline (MILLS 
RAPER), 2472. 


and 


NG 4 


3028 INDEX OF 


n-Methyl-7-methylene-Aa-octen-e-one. 
See Tagetone. 

Methylisatoic anhydride (HEILBRon, 
KircHEN, ParkxEs, and Svurron), 
2171. 

Methylitamalic acid, barium salt (In- 
GOLD), 397. 

NV-Methylolundecenoamide (JonEs and 
PyMAN), 2598. 

Methylparaconic acid (INcoLp), 397. 

8-Methyl-A8-pentenoic acid, and _ its 
derivatives (Kon and LINSTEAD), 
623. 

a-Methyl-A‘-cyclopentenylacetone, and 
its semicarbazone (Kon and Lin- 
STEAD), 821. 

2-Methyl-p-phenylenediamine, 5-chloro- 
(KENNER, Top, and WITHAM), 2347. 

4-Methyl-1:2-phthalide, and 4-bromo-, 
4-chloro-, 4-cyano, and 4-hydroxy- 
(PERKIN and STONE), 2285. 

4-Methy1-1:2-phthalideoxalic acid, 
4-hydroxy-, ethyl ester (PERKIN and 
STONE), 2287. 

o-Methylphthalimidine (GRIFFITHS and 
INGOLD), 1708. 

4-Methyl-1:2-phthalyl chloride, 4-tri- 
chloro- (PERKIN and Sronr), 2296. 

8-Methylpimelic-8-acetic acid, and its 
ethyl ester (FARMER and _ Ross), 
2363. 

cis- and trans-1-Methylcyclopropane-1:2- 
dicarboxylic acids, and their deriv- 
atives (INGOLD), 396. 

3-Methylcyclopropane-1:2-dicarboxylic 
acid, 2:3-dibromo-, methyl] ethyl ester 
(Goss, INcoLD, and THorpE), 468. 

3-Methyl-A?-cyclopropene-1:2-dicarb- 
oxylic acid, esters of (Goss, INGoLD, 
and THORPE), 467. 

2-Methy1-4-propylcyc/otelluripentane- 
3:5-dione dichlorides (MorGan and 
Corby), 2616. 

2-Methy1-4-propyleyclotelluropentane- 
3:5-diones (MorcAN and Corsy), 
2616. 

2-Methylpyridine-3:4:6-tricarboxylic 
acid, thallous salt (CHRisTIE and 
MENZIES), 2871. 

6-Methylquinoline, 2-bromo-, and_ its 
derivatives, and 2-hydroxy-(CoNnoL.y), 
2085. 

2-Methylquinoline-3-butyrie acid, -4- 
hydroxy- (Parerson and Puanv), 
1798. 

2-Methylcyc/otelluropentane-3:5-dione 
dioxime (MorGaAn and KE.LzET‘T), 
2621. 

Methylterephthalic acid, 2-hydroxy- 
(PERKIN and Stronk), 2290. 

1-Methyltetraphenylpyrrole 


(PERKIN 
and PLANT), 1141, 


SUBJECTS. 


m-Methylthiolphenylmethylsulphone 
('wist and SIs), 1251. 

Methylvinylearbinol, resolution and 
rotation of, and its esters (KENYON 
and SNELLGROVE), 1174. 

Micro-balance, studies on the (HAr- 
TUNG), 2691. 

Molecules, newly-formed, possible en- 
hanced activity of (Goss and INGOLD), ~ 
2776. 

Molybdenum, tervalent, compounds of 

(WaRDLAWw and PARKER), 1811. 
pentoxide (WARDLAW and NIcHOLLS), 
1487. 

Monosaccharides, constitution of (Hi1RsT 
and RoBERTSON), 358. 

Morinidin chloride (PRATT and Rosin- 

son), 1187. 
3:2’:4’-trimethyl ether and its per- 
chlorate (PRATT and RoBINson), 
1188. 
Mutarotation (Lowry), 1871; (Lowry 
and RicHAarRDs), 1885. 
of sugars, effect of amphoteric sol- 
vents on (Lowry and FAULKNER), 
2883. 

Myoporum letuwm (ngaio), constituents 
of (McDowa zt), 2200. 

Myricetin, synthesis of (KAuFr and 
ROBINSON), 181. 

Myristaldehyde p-nitrophenylhydrazone 
(STEPHEN), 1876. 

Myristoylacetone, and its copper salt 
(Morcan and Hotmgs), 2894. 


N. 


(1:6)-Naphthadiquinoline, and its sul- 
phate (ARMitT and Roprnson), 1614. 
a-Naphthaldehyde j-nitrophenylhydra- 

zone (STEPHEN), 1877. 

Naphthalene, equilibrium of trinitro- 
toluene and, in nitrobenzene 
(Brown), 345. : 

picrate, dissociation of, in nitrobenzene 
(Brown), 345. 

Naphthalene-2-sulphonyl iodide (Grs- 
SON, MILLER, and SMIEs), 1823. 

2-Naphthalenethiolsulphonic acid, 6- 
methoxy-3-tolyl and 2:4-xylyl esters 
(Gipson, MILLER, and SmIuEs), 1824. 

aB-Naphthaphenoxarsine, 7-chloro- 
(AESCHLIMANN), 814. 

a-Naphthaquinoline-6:7-dicarboxylic 
acid (STEWART), 13381. 

a-Naphthoxide, thallous salt (CHRISTIE 
and MENzI&s), 2373. 

B-a- and  -8-Naphthylaminobenzyl- 
malonic acids, ethyl esters (WAYNE 
and CoHEN), 455. 

Naphthylaminonaphthathiazoles, 
their bromides (HUNTER), 2272, 


and 
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a-Naphthylearbamyl-a- and -§-cinna- 
maldoximes (BRADY and McHuveu), 
2426. 

a-Naphthylselenoglycollic acid (Mor- 
GAN and Porritt), 1758. 

Naphthyridine group, synthesis in the 
(GULLAND and Rosinson), 1493. 

Ngaiol, and its derivatives (McDowALtb), 
2205. 

Ngaio. See Myoporwm letum. 

Ngaione, and its derivatives (McDow- 
ALL), 2202. 


Nickel ammonium chromate, dissoci- 
ation pressure of (FERGUSON), 
2098. 


hydroxide, electrometric precipitation 
of (BRITTON), 2110. 

sulphate, equilibrium of aluminium 
sulphate, water, and (CAVEN and 
MITCHELL), 2549. 

Nicotine, rotation of (PATTERSON and 
Futon), 2439. 

a-Nitro-acids, aliphatic, action of hydr- 
azine hydrate on the halogen deriva- 
tives of (MaAcBETH and TRAILL), 
892. 

Nitro-compounds, aromatic, ionisation 
of, in liquid ammonia (FIELD, 
GARNER, and SmiruH), 1227. 

reduction of (WxEsT), 494. 

Nitrogen, explosion 
acetylene and (GARNER and SAUN- 
DERS), 77. 

Nitrogen monoxide (nitrous oxide), 
thermal decomposition of, and its 
catalytic decomposition on platinum 
(HINSHELWooD and PRICHARD), 
327. 

pentoxide, thermal decomposition of 
(Hirst), 657. 

persulphide (UsHER), 730. 

Nitrous acid, action of, on amides and 
amino-compounds (PLIMMER), 2651. 

Nitroso-groups, influence of, in aromatic 
substitution (INGOLD), 513. 

Nitrosyl chloride, photochemical decom- 
position of (BowEN and SHARP), 
1026. 

Nitrous acid. See under Nitrogen. 
n-Nonadecoylacetone, and its copper 
salt (MoRGAN and HotMEs), 2895. 

Nonodilactone (BENNETT), 1277. 

m-Nonoylacetone, and its copper salt 
(MorGAN and HotmgEs), 2893. 


0. 


Obituary notices :— 
Sir George Thomas Beilby, 955. 
Richard Burtles, 2973. 
Reginald Arthur Joyner, 2974. 
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Obituary notices :— 
Guglielmo K6érner, 2975. 
George Downing Liveing, 2982. 
Henry George Smith, 958. 
Alexander Mitchell Williams, 2984. 
George Young, 2986. 
m-Octadecoylacetone. See 
acetone. 
n-Octaldehyde p-nitrophenylhydrazone 
(STEPHEN), 1875. 
n-Octoylacetone, copper salt (MorGAN 
and HouMgss), 2892. 
Oleic acid, synthesis of (G. M. and R. 
RoBinson), 175. 
oxidation products of (LAPWoRTH and 
MorTrTrAM), 1628, 1987. 
Olive oil, oxidation of organic coim- 
pounds in (WALKER), 1491. 
Optical activity, potential (READ and 
MoMars), 1572. 
and polarity of substituent groups 
(Ruz and SMITH), 2188. 
inversion, Walden’s (KENYON, PHIL- 
Lips, and TuRLEY), 399 ; (SENTER 
and WARD), 1847. 
rotation and relative configuration of 
optically active compounds 
(CLouGH), 2808, 

Optically active compounds, rotatory 
dispersion of (PATTERSON and FuL- 
TON), 2435. 

relation between optical rotation and 
configuration of (CLOUGH), 2808. 

Organic compounds, rotatory dispersion 
of (RicHARDS and Lowry), 238, 
1503 ; (Lowry and CurTTErR), 604; 
(CurrER, Burgess, and Lowry), 
1260. 

surface tensions of aqueous solutions 
of (Epwarns), 744. 

Jability of halogens in (MACBETH and 
TRAILL), 892, 1118. 

estimation of arsenic in (NEWBERY), 
1751. 

Osmotic pressure in concentrated solu- 
tions (APPLEBEY and Davis), 1840. 
1:2:4-Oxadi-imines, supposed formation 
of (BuRKHARDT, LAPWoRTH, and 

ROBINSON), 2234, 

Oxalic acid, formation of, from ether, 
and its uranium salts (ROWELL and 
RUSSELL), 2900. 

dissociation constants of (Brirron) 
1905. 

tervalent molybdenum salts (WARD- 
LAW and PARKER), 1811. 

silver salt, formation and growth of 
silver nuclei in decomposition of 
(MACDONALD and HINSHELWOOD), 
2764. 

Oxidation in turpentine and olive oil 
(WALKER), 1491. 


Stearoyl- 
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Oximes, isomerism of (BRADY and 
KLEtrn), 844 ; (BRADY and BisHop), 
1357; (Brapy and McHuen), 
2414; (BRADY, Cosson, and RopEr), 
2427. 

tautomerism of (GRIFFITHS and IN- 
GOLD), 1698. 
Oxyberberine, synthesis of (PERKIN, 
RAy, and RosBinson), 740. 
Oxygen, adsorption of, by charcoal 
(RIDEAL and WRIGHT), 1347. 
sorption of, by activated graphite 
(BANGHAM and STAFFORD), 1085. 
effect of ultra-violet light on dry 
mixtures of hydrogen and (BAKER 
and CARLTON), 1990. 
explosion of ammonia with carbon 
monoxide and (BEESON and Par- 
TINGTON), 1146. 
Oxygen electrodes. See Electrodes. 
Oxy?soprotoberberine (HAWoRTH, PER- 
KIN, and PINK), 1717. 
Ozone, thermal decomposition of 
(GRIFFITH and McKxrown), 2086. 


P. 


Palmitaldehyde p-nitrophenylhydraz- 
one (STEPHEN), 1876. 

Palmitic acid, sodium salt, equilibria 
of, with water and sodium chloride 
(McBain and Lanepon), 852. 

Palmitoylacetone, and its copper salt 
(MorGan and Houmss), 2894. 

Parachor in relation to chemical con- 
stitution (SuGDEN, REED, and WIL- 
KINS), 1525; (SuaDEN and WHiIT- 
TAKER), 1868; (SUGDEN and WIL- 
KINS), 2517. 

cycloParafiins, structure of (WIcHT- 
MAN), 1421. 

Paraffin wax, constitution of hydro- 
carbons from (PIPER, Brown, and 
DyYMENT), 2194. 

Pelargonidin chloride, and its 3:3’-di- 

methyl ether (PRATT and Rosin- 
SON), 1187. 
and its 3:4’-dimethyl ether (MALKIN 
and Roprnson), 1194. 
n-Pentadecoylacetone, and its copper 
salt (Morgan and HoimgEs), 2894. 

Pentamethylene sulphide, and _ its 
derivatives (THIERRY), 2758. 

3:5:7:2':4’-Pentamethoxyflavylium salts 
(Pratr and Ropinson), 1136. 

Pentane-y-carboxylic acid, ae-dibromo-, 
ethyl ester (MILLS and Bains), 2505. 

cycloPentane-1’-carboxylylanilinocyc/o- 
pentane-1-carboxylic acid, 1:1’-hydr- 
oxy-, lactone of (PLANT and Facer), 
2039. 


SUBJECTS. 


cycloPentylideneazine, action of hydro- 
chloric acid on (PZRKIN and PLANT), 
1138. 
Periodicity in electrochemical reactions 
(HEDGES and Myrgrs), 1013. 
Petroleum, chemistry of (Biron and 
Norris), 898, 19384. 
distillates, action of sodium hypo- 
chlorite on sulphur compounds in 
(Bircu and Norris), 1934. 
Persian, sulphur compounds 
(THIERRY), 2756. 
Phenacyl bromide, condensation re- 
actions of (R. M. and J. N. RAy), 2721. 
Phenanthraquinone, action of hydrazine 
hydrate on (DuTT), 2971. 


from 


Phenetole, ¢rinitro-, aleoholysis of 
(Brapy and Horton), 22380. 
p-Phenetyltelluri‘7ichloride (MorGAN 


and Drew), 2311. 

Phenol, surface tension of aqueous solu- 
tions of (GoARD and RIDEAL), 780, 
1668. 

effect of salts on the equilibrium and 
critical solution temperature of, in 
water (CARRINGTON, Hickson, and 
PATTERSON), 2544. 

molecular condition of, in benzene 
(PHILIP and CLARK), 1274. 

equilibriam of salicylic acid, water, 
and (BAILEY’, 1951. 

Phenol, bromonitroso-, and  3-iodo- 
4-nitro-, and  2-iodo-4-nitroso-, 
(Hopason and Moors), 2261. 

4-chloro-, suJphonation of (GAUNT- 
LETT and SMILES), 2745; 

3-chloro-mono-, -di-, and -tri-nitro- 
derivatives, and their derivatives 
(Hopeson and Moors), 1599. 

Phenols, nitrosation of (HoDGSON and 
Moors), 2260. 

Phenols, nitro-, phenylcarbamyl deriv- 
atives of (BRADY and Harris), 2175. 

Phenoxarsine, 6-chloro- (TURNER and 
SHEPPARD), 544, . 

Phenoxarsines, dichloro- (RoBERTS and 
TURNER), 2010. 

Phenoxarsinic acids, chloro- (ROBERTS 
and TURNER), 2010. 

Phenoxide, o0-nitro-, potassium and 
sodium derivatives (SipGwick and 
BREWER), 2385, 

o-Phenoxybenzeneazo-8-naphthol 
(TURNER and SHEPPARD), 546. 

o-Phenoxyphenylarsinic acid (TURNER 
and SHEPPARD), 546. 

Phenoxyphenylarsinic acids, and 
chloro- (RoBERTS and TURNER), 2009. 

Phenoxyphenylichloroarsine, and its 
chloro-derivatives, and their con- 
version into  chlorophenoxarsines 
(Roperts and TuRNER), 2004. 
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Phenyl benzyl ether, s-tribromo-, and 
its nitro-derivatives (Ho_mEs and 
INGOLD), 1800. 

carbonate, surface tension and density 
of (SUGDEN, REED, and WILKINS), 
1536. 

d-and J-a-Phenylacetoxypropionic acids, 
ethyl esters (KENYON, PHILLIPS, and 
TURLEY), 413. 

d- and /-Phenylaminoacetic acids, ethyl 
ester hydrochlorides (MCKENzIE and 
WItts), 289. 

Phenylarsenious oxide, p-bromo- and 
p-chloro- (HUNT and TuRNER), 2670, 
Phenylarsinic acid, y-amino-, amino- and 

nitro-anisoyl, déamino- and dinitro- 
benzoyl and amino- and _ nitro- 
toluoyl derivatives of (KING and 
Murcu), 2637. 
3-amino-4-hydroxy-, diacetyl deriv- 
atives (Kinc and Murcn), 2651. 

Phenylaziminotoluquinone (CHATTA- 
way and PARKES), 13809. 

NV-Phenylbenziminochlorophenyl ethers 
(CHAPMAN), 1996. 

N-Phenylbenziminophenyl ether, mo- 
lecular rearrangement of (CHAPMAN), 
1992. 

1-Phenylbenzthiazole 
(CLARK), 974. 

Phenyl benzyl diketone, and its deriv- 
atives (MALKIN and Ropinson), 369. 

a-Phenyl-8-benzyl-8-methylpropane 
(TROTMAN), 94. 

a-Phenyl-8-benzylpropane, 
(TROTMAN), 92. 

2-Phenyl-3-benzylquinoxaline (MALKIN 
and RoBINSON), 378. 

Phenyl «8-dibromo-a-methoxy-f-phenyl- 
ethyl ketone (MALKIN and RosInson), 
372. 

Phenylearbamic acid, m-nitrophenyl 
ester (BRADY and HARRIS), 2176. 

4-Phenyl-4’-carbethoxy bispiperidinium- 
1:1’-spirans, salts of (MILLS and WaAr- 
REN), 2511. 

8-Phenyl-a-carbethoxyhydrazine- 
8-diphenylacetic acid (INGoLD and 
WEAVER), 383. 

Phenyldichloroarsine, action of alu- 
minium chloride on (Hunt and 
TURNER), 998. 

Phenyldichloroarsine, -bromo- and 
p-chloro- (HunT and TuRNER), 2670. 
Phenyl-88’-dichlorodivinylarsine (Hunt 

and TURNER), 997, 

Phenyl-8-chlorovinylchloroarsine 

(Hunt and TuRNER), 997. 


methiodide 


B-bromo- 


a-Phenyl-88-dibenzylpropane (TRort- 
MAN), 93. 
Phenyl £:4-dimethoxystyryl ketone 


(MALKIN and RosBINson), 374. 
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of 
with 


condensation 


Phenylethylamine, 
ether 


s-dichlorodimethyl 
(SHoRT), 269. 
8-Phenyl-y-ethylamylene 
(RocEr), 523. 
8-Phenylethylbenzoyl-d--ecgonine, 
and its hydrochloride (Gray), 1158. 

Phenylethylbenzoyl-/-ecgonines, and 
their salts (GRAY), 1155. 

2-8-Phenylethylchromone, 3:7-dihydr- 
oxy- (RoBINSON and SHINODA), 1977. 

2-8-Phenylethy1-3:4-dihydro-1-isoquin- 
olone( HAWORTH, PERKIN, and PINK), 
1715. 

2-8-Phenylethyl-4:4-dimethylhomo- 
phthalimide (HawortTH, PERKIN, and 
PINK), 1715. 

B-Phenylethylethylcarbinol, resolution 
and rotation of, and its salts and 
esters (HEwiTr and Kenyon), 1096. 

NV-8-Phenylethylhomophthalamic acid, 
and its methyl ester (HAworrH, 
PERKIN, and Pink), 1716. 

2-8-Phenylethylhomophthalimide (HaA- 
WORTH, PERKIN, and PINK), 1715. 

B-Phenylethyl-n-propylearbinol, resolu- 
tion and rotation of, and its salts and 
esters (HEWITT and KENYON), 1097. 

2-8-Phenylethyl-1:2:3:4-tetrahydro- 
dsoquinoline hydrochloride (Ha- 
WORTH, PERKIN, and PINK), 1716. 

2-Phenylisoflavone, 7-hydroxy-, and its 
acetyl derivative (BAKER and Rosin- 
son), 1985. 

Phenylgermanonic acid (MorGAN and 
DREW), 1764. 

B-Phenylglutaric acid, a-mono- and 
aa’-di-bromo-, and their esters, and. 
a-bromo-a’-hydroxy-, ethyl ester, lac- 
tone (HAERDI and THORPE), 1241. 

4(5)-Phenylglyoxaline, 2-bromo-, 
5(4)-bromo-, and its salts, and 2:5(2:4)- 
dibromo- (ForsyTH and PyMAN), 577. 

Phenylglyoxalines, amino-, and their 
salts (BALABAN and KING), 2710. 

4(5)-Phenylglyoxaline-5(4)-carboxylic 
acid, and 2-thiol-, ethyl esters (For- 
SYTH and PyMAN), 579. 

6-Phenylhexahydro-1:2:3:4-tetrazine- 
1:2:3:4-tetracarboxylic acid, ethyl 
ester (INGOLD and WEAVER), 386. 

a-Phenyl-y-hexanol. See f-Phenyl- 
ethyl-n-propylearbinol. 

Phenylhydrazine, acetyl and benzoyl 
derivatives, bromination of (HumM- 
PHRIES and Evans),. 1676. 

Phenylhydrazine, 2:4-dibromo-, prepara- 
tion of (HUMPHRIES and Evans), 
1676, 

Phenylhydrazones, action of chlorine on 
(HUMPHRIES, HUMBLE, and EvAns), 
1304. 


By-glycol 
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Phenyl 2-hydroxy-4:6-dimethoxystyryl 
ketone (PRATT and RoBinson), 1182. 

Phenylhydroxylamine, p-bromo-, pre- 
paration of (HawortH and Lap- 
WwoRTH), 2970. 

Phenyl §-dihydroxyphenylethyl ke- 
tones, dihydroxy- (CHAPMAN and 
STEPHEN), 891. 

Phenylcyc/oiminotoluquinone, and 
bromo- and chloro-derivatives (CHAT- 
TAWAY and PARKES), 1310. 

B-Phenyl-lactie acids, optically active, 
configurations of (CLouGH), 2808. 

Phenylmesitylbenzylmethylarsonium 
bromide (Hunt and TuRNER), 2669. 

Phenylmesityldimethylarsonium iodide 
(Hunt and TURNER), 2669. 

Phenylmesitylmethylarsine (HUNT and 
TURNER), 2669. 

Phenyl 4-methoxybenzy]l diketone (MAL- 
KIN and Rosinson), 374. 

2-Phenyl-3-p-methoxybenzylquinoxaline 
(MALKIN and RosBinson), 374. 

Phenyl a-methoxy-8-hydroxyvinyl ke- 
tone (MALKIN and Rosinson), 1192. 

Phenyl §-methoxystyryl ketone (MAL- 
KIN and Rospinson), 372. 

3-Phenyl-2-methylbenzo-y-pyrone, 7:8- 
dihydroxy-, and its diacetyl derivative 
(BAKER), 2357. 

2-Phenyl-4-methylbenzopyrylium salts, 
5:7-dihydroxy- (WALKER and HB&IL- 
BRON), 687. 

1-Phenyl-5-methylbenzthiazole, 4’. 
amino-, bromination of (HUNTER), 
1318. 

a-Phenyl-8-methylbutane, 8-bromo-, 
preparation of (TROTMAN), 91. 

8-Phenyl-y-methylbutylene Ay-glycol, 
synthesis of (RoGER), 522. 

Py-Phenyl-N-methyldiveratro‘soharm- 
yrine, and its methiodide (ARMIT and 
RoBinson), 1613. 

1-Pheny]-4-methylglyoxaline, 2-thiol- 
(BurTLES, PyMAN, and RoyLAnce), 
589. 

2-Phenyl-1-methylglyoxaline, and 2-p- 
nitro-, and their salts and derivatives 
(BALABAN and Kine), 2710. 

4-Phenyl-1-methylglyoxaline, 5-bromo-, 
and its picrate (KorsyYTH and Py- 
MAN), 576. 


Phenylmethyliodoarsine, p-bromo- 
(Hunt and TurnzER), 2670. 
a-Phenyl-f-methylpropane, §8-bromo- 


(TROTMAN), 94. 
8-Pheny1-8-methylpropane, ay-dibromo-, 
a-bromo-y-hydroxy-, and its acetyl 
derivative, and a-chloro-y-hydroxy- 
(MILs and Barns), 2504. 
B-Phenyl-8-methylpropane-ay-diol, and 
its diacetate (MIuLs and Barns), 25038, 
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Phenylmethylsulphone, derivatives or, 
and 8- and 4-bromo-, and 3-nitro- 
(Twist and SmiiEs), 1250. 

Phenylmethylsulphone, 4-mono-, and 
2:5-di-chloro- (MILLER and SMILEs), 
231. 

Phenyl-a-naphthylacetonaphthone (Mc- 
KENZIE and TATTERSALL), 2529. 

Phenyl-a-naphthylacetone (McKENzIE 
and TATTERSALL), 2528, 

Phenyl-a-naphthylacetyl chloride (Mc- 
KENZIE and TATTERSALL), 2527. 

Phenyl-a-naphthylchloroacetyl chloride 
(McKENzIz and TATTERSALL), 2526. 

r-Phenyl-a-naphthylglycollic acid, con- 
version of, into ketones, and its silver 
salt (McKenzIz and TATTERSALL), 
2522. 

Phenyl-a-naphthylmethy] p-tolyl ketone 
(McKENZIE and TATTERSALL), 2529, 
a-Phenyl-y-pentanol. See §-Phenyl- 

ethylethylcarbinol. 

2-Phenylphenanthriminazole, and 2’ 
nitro- (Sircar and Ray), 1048, 

2-Phenylphenanthroxazole, 2’-hydroxy-, 
and 2’- and 38’-nitro- (StrcAR and 
Ray), 1049. 

Phenyl-8-phenylethylcarbinol, resolu- 
tion and rotation of, and its salts and 
esters (HEwiTr and KEnyon), 1098. 

B-Phenylpropane, ay-dibromo- (MILLS 
and BAINs), 2505. 

3-Phenylcyclopropane-1:2-dicarboxylic 
acid, 1-bromo-, methyl esters (HAERDI 
and THORPE), 1248. 

Phenylcyclupropanetricarboxylic acid, 
ethyl ester (HAERDI and THorRpR), 
1246, 

8-Phenylpropionic acid, 8-bromo-, am- 

monium and _  diethylammonium 
salts (SENTER and WARD), 1849. 

2:6-dthydroxy- (CHAPMAN and SrTr- 
PHEN), 891. 

B-Phenylpropionic acids, B-bromo-, con- 
version of, into B-hydroxy-f-pheny]l- 
propionamides (SENTER and Warp) 
1847. 

B-Phenylpropionic anhydride (RoBINSON 
and SHINODA), 1976. 

B-Phenylpropionylacetone, and its 
copper salt (MorGAN and Jonss), 
2619. 

Pheny]-n-propylbenzoyl-/-ecgonine, and 
its hydrochloride (Gray), 1156. 

y-Phenyl-n-propylmalonic acid (JoNEs 
and PyMAN), 2597. 

Phenyl-4-pyridylacetic 
salt (SINGH), 2448, 

Phenyl-4-pyridylpyruvie acid, and its 
derivatives (SINGH), 2448. 

Phenylpyruvic acid, and its ethyl ester 
p-tolylhydrazones (WALKER), 1862. 


> 


acid, sodium 
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Phenylselenoglycollic acid, and p- 
bromo-, and its bromides (MORGAN 
and Porritt), 1757. 

Phenylselenoxyglycollic acid, p-bromo- 
(MorGAN and PorriTT), 1758. 

2-Phenyl-4-styrylbenzopyrylium chlor- 
ide, 4’:5:7-trihydroxy- (WALKER and 
HEILBRON), 687. 

Phenylsulphur chloride, 2:5-dichloro- 
(MILLER and SMILES), 230. 

Phenylthiocarbamic acid, esters (BIRCH 
and Norris), 904. 

Phenyl-p-tolyldimethylarsonium iodide 
(Hunt and TURNER), 2668. 

Phenyltolylmethane, monochloro- (S11- 
BERRAD), 2684. 

Phenyl-p-tolylmethylarsine (HuNT and 
TURNER), 2668. 

Phloroglucinol, and its trimethyl ether, 
absorption spectra of (Morron and 
RoceErs), 2700. 

Phosphorus ¢ribromide and oxychloride, 
surface tension and density of 
(SucDEN, REED, and WILKINS), 
1538. 

trichloride, hydrolytic decomposition 
of (MITCHELL), 336. 

pentachloride, electrical conductivity 
of (Honroyp, CHADWICK, and 
MITCHELL), 2492. 

trioxide, spectrum of glowing (EME- 
Lhus), 1362. 

pentoxide, purification of (WHITAKER), 
2219. 

Phthalaldehyde 1-oxime, derivatives of 
(GriFFITHs and INGoLD), 1704. 

Phthalamie acid, ammonium salt, and 
4:5-dibromo-, and its derivatives 
(CHAPMAN and STEPHEN), 1798. 

Phthalamic acids, preparation of, and 
their conversion into anthranilic acids 
(CHAPMAN and STEPHEN), 1791. 

Phthalic acid, camphoryl hydrogen 
esters (ForRSTER and SHUKLA), 
1859. 

* thallous salt (CHRISTIE and MENZIEs), 
2370. 

1:2-Phthalide-4-acetic acid, and its 
amide (PERKIN and STONE), 2288, 

Phthal-2-nitro-p-toluidic acid (Brapy, 
Quick, and WELLING), 2267. 

Phthalobenzylamic acid (Honmes and 
InGoLp), 1810. 

Phthal-p-tolil, nitration of (Brapy, 
Quick, and WELLING), 2264. 

Phthal-p-tolil, éetrachloro-, and 5-nitro- 
(Brapy, Quick, and WELLING), 2267. 

Physostigmine. See Eserine. 

Picrylbenzsynaldoxime (BRADY 
KLEIN), 846. 

Picryleinnamsynaldoxime (Brapy and 
KLEIN), 847, 


and 
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Picryl-y-dimethylaminobenzs7ynaldoxime 
(Brapy and KLEIN), 847, 
Picrylmethoxybenzsynaldoximes( BRADY 
and KLEIN), 846. 
Picryl-3-methoxy-4-picryloxybenzsyn- 
aldoxime (BRADY and K1EIN), 847. 
Picryl-3:4-methylenedioxybenzsyn- 
aldoxime (BRADY and KLEIN), 846, 
Picrylnitrobenzsynaldoximes (BRADY 
and KLEIN), 846. 
Pilocarpidine, constitution of (BURTLEs, 
PyMAN, and RoyvLANce), 581. 
m- and iso-neoPilocarpines (BURTLES, 
PyMAN, and RoyLaNcek), 584. 
Pinus punvilio and sylvestris, constituents 
of oils from (RAO and SIMONSEN), 2497. 
Piperonylideneoxindole, 6’-amino-, and 
its methosulphate (ARMIT and RoBIN- 
SON), 1612. 
Piperonylidene-y-piperonylpropylamine 
(BAKER and ROBINSON), 1429. 
B-Piperonylpropionic acid, 
(BAKER and Rosinson), 1428. 
8-Piperonylpropionitrile, and 6-nitro- 
(BAKER and KoBINnson), 1424. 
y-Piperonylpropylamine, and its deriva- 
tives (BAKER and RoBInson), 1428. 
y-Piperonylpropyltrimethylammonium 
iodide (BAKER and ROBINSON), 1429. 
Piperonylsuccinic anhydride (BAKER 
and LaPpwortH), 566. 
Plants, cuticle of (Lrcc and WHEELER), 
1412. 
Platinum, adsorption of metals by 
(MAXTED), 73. 
adsorption of water on surfaces of 
(McHarrig and LENHER), 1559. 
catalysis of the decomposition of 
hydriodic acid by (HiNSHELWOOoD 
and Burk), 2896. 
Polarity, theories of (BURKHARDT and 
LapwortTH), 1742. 
in relation to fonr-membered rings 
(BURKHARDT, LAPWORTH, and 
WALKDEN), 2458. 
and optical activity of substituent 
groups (RULE and SMITH), 2188. 
of surfaces, measurement of (ADAM, 
Moree tt, and Norris#), 2793. 
and angles of contact of solid surfaces 
(ADAM and JEssoP), 1866. 
Potassium chloride, electrical con- 
ductivity of, in water and in 
acetone-water mixtures (BROWNSON 
and CRAY), 2923. 
dichromate, melting and transition 
points of (ROBINSON, STEPHENSON, 
and BrIscok), 547. 
nitrate, equilibrium of, with barium 
and lead nitrates and water (GLAs- 
STONE and Riaes), 2846. 
chlororuthenates (Brices), 1042. 


6-nitro- 
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Precipitation of hydroxides, electro- 
metric study of (BrirTon), 2110, 
2120, 2142, 2148. 

cycloPropane series, three-carbon tauto- 


merism in (Goss, INGoup, and 
THORPE), 460. 
cycloPropane-1:2-dicarboxylic acid, 


1-bromo-, methyl ester, and 1-iodo- 

(ING and PERKIN), 2394. 

cycloPropene compounds, influence of 
phenyl groups on the formation of 

(HAERDI and THorpsr), 1237. 

Propiolic acid, preparation of, and its 
methyl ester (INGoLD), 1202. 

Propionacetal, a-amino- 
Pyman, and RoyLancr), 586. 

a-Propionacetalylphenylthiocarbamide 

(BURTLES, PyMAN, and ROYLANCE), 

588. 

Propionic acid, a-bromonitro-, a-chloro- 
nitro-, and a-nitro.-, ethyl esters, 
and hydrazine derivative of the 
nh (MacBeTH and TratItz), 
897. 

B-chloro-, nitrile of, and its reaction 
with resorcinol (CHAPMAN and 
STEPHEN), 888. 

Propyl mercaptan, y-hydroxy-, mer- 
captide of (BENNETT and Hock), 
2673. 

dsoPropyl mercaptan, and its derivatives 
(BircH and Norris), 904. 

isoPropyl-n-butylmalonie acid (JONES 

and PyMAN), 2597. 

a-isoPropyl-n-hexoic acid, and its amide 

(JonES and PERKIN), 2597. 

3-n- and -iso-Propylpropionylacetones, 
and copper salt of the former (Mor- 
GAN and Corsy), 2616. 

n-Propylvinylearbinol, resolution and 
rotation of, and its salts and esters 

(KENYON and SNELLGROVE), 1176. 

Prototropy (Lowry), 1382. 

Pungency and chemical constitution of 
acid amides (JoNES and PyMAN), 
2588. 

Pyridine, distribution of, between water 
and benzene (WOODMAN and Cor- 
BET), 2461. 

nucleus, fission of, during reduction 
(SHaw), 215. 

4-Pyridone, 3-amino-, 3-nitro-, 3:5-di- 
nitro-, and 3-nitro-5-amino-, and their 
salts (CROWE), 2028, 

2-a-4-Pyridylbenzyl-3-quinoxalone 

(SINGH), 2449. 

Pyrocinchonic anhydride (Incozp), 
396. 


Pyrylium salts, synthesis of (PraTrand 
RoBinson), 166, 1128, 1182 ; (MALKIN 
and Rosinson), 1190. 


(BURTLEs, 
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Q. 


Quercetin, and its methyl ether and 
their tetra-acetyl derivatives (KUBOTA 
and PERKIN), 1894. 

Quinaldine alkyliodides, condensation 
of, in presence of bases (MrLus and 
RAPER), 2466, 

4-Quinazolones, reactivity of the 
2-methyl group in (HEILBRoN, Kir- 
CHEN, PARKES, and SuTTon), 2167, 

Quinhydrones, reduction potentials of 
(BIILMANN, JENSEN, and PEDERSEN), 
199. 

Quinizarin, alkali derivatives (Sipc¢wick 
and BREWER), 2386. 

Quinol ethers, substitution in derivatives 
of (RUBENSTEIN), 1998, 

tsoQuinoline derivatives (ForsyrTH, 

KELLY, and PymMAn), 1659. 

synthesis of (HAworrTH, PERKIN, and 
Pink), 1709; (Haworra and 
PERKIN), 1434, 1448, 1453; (Ha- 
WORTH, PERKIN, and RANKIN), 
1444, 


R. 


Rays, Rontgen, investigation of normal 
hydrocarbons by means of 
(MULLER and Savinur), 599. 

investigation of saturated aliphatic 
ketones by means of (SAVILLE 
and SHEARER), 591. 

Reduction potentials of quinhydrones 
(BIILMANN, JENSEN, and PEDERSEN), 
199. 

Research, chemical, universities as 
centres of (WYNNE), 986. 

Resorcinol methyl ether, thallous salt 

(CHRISTIE and MEnzizgs), 2373, 
derivatives, substitution in (RAo, 
SRIKANTIA, and IyEnGAR), 556. 

Resorcinol, 4:6-dinitro-, colorimetric 
dissociation constants of (LaxTon, 
PRIDEAUX, and RADFORD), 2499. 

Rings, four-membered, additive form- 
ation of (INGoLD and WEAVER), 
378 ; (INGoxp), 1141. 

polarity in relation to (BURKHARDT, 
LAPWoRrTH, and WALKDEN), 2458, 

Rotatory dispersion. See Dispersion. 

power and chemical constitution 
(KENyoNn, PHILuips, and TurLEy), 
399 ; (Hewirr and Kenyon), 1094 ; 
(K&éNYoN and SNELLGROYE), 1169 ; 
(PHILLIPS), 2552. 

Rottlerin, and its derivatives (Dut7), 
2046. 

Ruthenium, co-ordination number of, in 
the chlororuthenates (Brices), 1042. 
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Salicylaldehyde, condensation of methyl 
ethyl ketone with (McGooxIN and 
SINCLAIR), 2542. 

lithium and sodium derivatives (S1p@- 
WICK and BREWER), 2385. 

Salicylic acid, heat of combustion of 

(BERNER), 2747. 

equilibrium of phenol, water, and 
(BAILEY), 1951. 

methyl ester, lithium derivative 
(Sipewick and BREWER), 2384. 

Salts, bi-bivalent, solubility of, in 
solutions containing a common ion 
(WALKER), 61. 

complex, in aqueous solutions (PAT- 
TERSON and DUCKETT), 624. 
See also Metallic salts. 

Salt solutions, aqueous, surface tension 
and activities of (GOARD), 2451. 

Saponification of esters, effect of emul- 
sifiers on (SMITH), 2602. 

Selenium, catalytic chlorination by (0. 

and ©, A. SILBERRAD), 2449. 
Selenic acid, hydrated double salts of, 
and their dissociation pressures 
(FERGUSON), 2096. 
Selenious acid, dissociation constants 
of (WILLCOx and PRIDEAUX), 1543. 

Semicarbazones, action of amines on 
(WILSON and CRAWFORD), 108. 

Semioxamazide, derivatives of (WILSON 
and PICKERING), 965. 

Sesquiterpenes, action of formic acid on 
(RoBERTSON, KERR, and HENDERSON), 
1944, 

Shale oil, Kimmeridge, sulphur com- 
pounds of (CHALLENGER, JINKs, and 
HASLAM), 162, 

Silicon dioxide (silica), action of, on 
electrolytes (JosEPH and OAKLEY), 
2813. 

Silver azide, action of bromine on 

(SPENCER), 216. 

chloride, photochemical decomposition 
of (HARTUNG), 2691. 

hydroxide, electrometric precipitation 
of (BRITTON), 2148. 

nitrate, electrometric studies of the 
reactions of, with alkalis(Britron), 
2956. 

sulphate, equilibrium of aluminium 
sulphate, water, and (CAVEN and 
MITCHELL), 2550. 

Soap boiling, equilibria in (McBAIN and 
LANGDON), 852. 

solutions, constitution of, in presence 
of electrolytes (QuiIcK), 1401. 

Sodium azide, action of bromine on 

(SPENCER), 216, 
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Sodium chloride, interaction of alumina 

and (CiEWws), 735. 

hydroxide, equilibrium of sodium 
sulphite, water, and (HAMMICK and 
CURRIE), 1623. 

hypobromite, reaction of carbamide 
with (DONALD), 2255. 

hypochlorite, action of, on sulphur 
compounds (BircH and Norris), 
1934. 

sulphides, reactions of, with chloro- 
nitrobenzenes (HopGson and WIL- 
SON), 440. 

sulphite, equilibrium of sodium hydr- 
oxide, water, and (HAMMIcK and 
CuRRIE), 1623. 

sulphoxylate (VoGEL and PARTING- 
TON), 1522. 

Sodium organic compounds :— 

Sodium ethyl sulphoxylate (VoGEL 
and PARTINGTON), 1522. 

Solids, angles of contact and polarity 
of the surfaces of (ADAM and JESSOP), 
1863. 

Solubility (GuAsstonE and Povnp), 

2660. 

of bi-bivalent salts in solutions con- 
taining a common ion (WALKER), 
61. 

Solutions, aqueous, determination of 
complex salts or ions in (PATTERSON 
and DucKEtTT), 624. 

Solvents, selective action of (WRIGHT), 

2334, 

mixed, velocity of reaction in (McCom- 
BIE, RoBERTS, and SCARBOROUGH), 
753. 

Spectra of explosive mixtures of oxygen, 
nitrogen, and acetylene (GARNER 
and SAUNDERS), 77. 

absorption, effect of various nuclei on 
(Purvis), 2771. 
of aldehydes and ketones (PURVIS), 
9 


in relation to lactam—lactim tanto- 
merism (Morton and RogErRs), 
2698. 

Tesla-luminescence (McVIcKER 
MarsH, and STEWART), 999. 
Starch, studies on (LIne and NANjJ1), 

629, 636, 652. 
compound of iodine with (MuRRAy), 
1288. 
Stearaldehyde yp-nitrophenylhydrazone 
(STEPHEN), 1876. 

Stearic acid, dihydroxy-, oxidation of 
(LapwortH and MortTTRAM), 
1987. 

conversion of oleic acid into (LAP: 
WORTH and MoTTRAM), 1628. 
Stearoylacetone, and its copper salt 
(Morcan and Houmgs), 2895. 
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Stilbene, 
nitro-2’-hydroxy- 
ROBINSON), 1502. 

Stilbenediazonium hydrogen sulphate, 
nitro- (GULLAND and RoBinson), 1502. 

Strychnine (LIoNs, PERKIN, and 
Rosinson), 1158, 

Styryl alkyl ketones, isomerism of 
(McGooxINn and SINCLAIR), 2539. 
Styrylbenzopyrylium salts (WALKER 
and H®ILBron), 685; (HEILBRON, 
WALKER, and Buck), 690. 
Styryldzchloroarsine, a-chloro- 
and TURNER), 998, 4 
2-Styrylehromone, 38:7-di- and 8:5:7-trd- 
hydroxy- (Ropryson and Surnopa), 

1975. 

2-Styrylehromonol, synthesis of deriv- 
atives of (RoBINSON and SHINODA), 
1978, 

Styryl ethyl ketone, 2-bydroxy- (Mc- 
GOOKIN and SINCLAIR), 2542. 

- Styryl -hexyl ketone, 2-hydroxy- 
(McGooKIN and SincLarR), 2548. 
2-Styryl-4-methylbenzopyrylium chlor- 
ide, 4’:7-di- and 8/:4’:7-tri-hydroxy- 
(HEILEBRON, WALKER, and Buck), 692. 
Styryl methyl ketone (benzylidene- 

acetone), absorption spectra of 

(Purvis), 11. 

Styryl methyl ketone, a-thiocyano-, and 
its dibromide (CHALLENGER and 
Borr), 1040. 

2-Styryl-1-methyl-4-quinazolone 

(HEILBRON, KITCHEN, PARKES, and 

SuTToN), 2172. 

Styryl 2-propyl ketone, 2-hydroxy- 
(McGookIN and Srncnarr), 2542. 
Substance, C,,H,,0,N, from dehydro- 
eseretholemethine methiodide and 
Silver oxide (STEDMAN and 

BARGER), 255. 

C.,Hy2N,, from 1-methyl-2-methylene- 
1:2-dib ydro-8-naphthaquinoline 
and -dimethylaminobenzaldehyde 
(Mints and Rapegr), 2472. 

Cy;HesNo, from 1-ethyl-2-methylene- 
1:2-dihydro-8-naphthaquinoline 
and -dimethylaminobenzaldehyde 
(Minus and Raper), 2472. 

Substitution in aromatic compounds, 

influence of a-methoxyvinyl 
groups in (C. K. and E. H. 
INGOLD), 870. 

directive influence of nitrogen and 
oxygen atoms in (HoLMESs and 
INGOLD), 1800. 

influence of nitroso-groups in 
(INGoLD), 513. 

in the benzene nucleus, influence of 
nitro-groups on (KENNER, Top, 
and WiITHAM), 2343. 


4-iodo-2-nitro-, and 2:4-di- 
(GULLAND and 


(Hunt 
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Succinic acid, dissociation constants of 
(BRITTON), 1906. 

alkaline earth salts, solubilities of 
(WALKER), 62. 

thallous salt (CHRISTIE and MENZIES), 
2370. 

Succinic acids, substituted, syntheses of 

(BAKER and LaAPworTH), 560. 

Succin-2-nitro-p-toluidic acid (BRADY, 

Quick, and WELLING), 2267. 

Succin-p-tolil, nitration of (BRaApy, 

Quick, and WELLING), 2264. 

Sugars, effect of amphoteric solvents 
on mutarotation of (Lowry and 
FAULKNER), 2883. 

nitrates of, and their transformations 
(OLDHAM), 2840. 

constitution of the monocarboxylic 
acids derived from (PRYDE, Hirst, 
and HumpHReEys), 348. 

Sulphoacetic acid, chloro-, preparation 

and resolution of, and its salts 

(BACKER and BurcErs), 233. 

Sulpho-10-ethylphenoxarsine 

(AESCHLIMANN), 814. | 

1-y-Sulphophenyl-3-methyl-5-pyrazol- 

one, preparation of (REEVEs), 911. 

Sulphophenyl-a-naphthylmethylarsine 

oxide (AESCHLIMANN), 813. 

Sulphur, interaction of nitrogen sulphide 

and (UsHER), 730. 

Sulphur compounds, action of sodium 
hypochlorite on (BrrcH and 
Norris), 1934. 

in petroleum (BrrcH and Norris), 
898. 

Sulphuryl chloride, researches on (0. 

and C, A. SILBERRAD and PARKE), 
1724; (SILBERRAD), 2677. 

surface tension and density of 
(SueDEN, REED, and WILKINS), 
1539. 

Thionyl chloride, surface tension and 
density of (SuepEN, REED, and 
WILKINS), 1539. 

Sulphur dioxide, solubility of, in water, 
and in solutions of potassium 
chloride and sodium _ sulphate 
(Hupson), 1832. . 

sesquioxide (VoGELand PARTINGTON), 


oxide 


Sulphuric acid, partial pressures or 
water vapour and sulphuric acid 
vapour over concentrated solutions 
of (THomAS and BARKER), 2820. 

Hydrogen sulphites, combination of 
ethylenic hydrocarbons —_ with 
(KoLKER and LAPwoRTH), 307. 

Thionic acids, constitution of (VOGEL), 
2248. 

Thiosulphates, organic, reactions of 
(FoornER and SmILEs), 2887, 
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Surface tension, determination of 
(GoARD and RIpEAL), 780. 
of geometric isomerides (SUGDEN and 
WHITTAKER), 1868. 
of aqueous salt solutions (GoARD), 
2451. 
of aqueous solutions of organic com- 
pounds (EDWARDS), 744. 
Sylvestrene, occurrence of (RAo and 
SIMONSEN), 2494. 
Symmetry, tetrahedral and octahedral, 
_ tridentate groups in (SMITH), 1682. 
Systems, associated alicyclic, formation 
and stability of (FARMER and Ross), 
2358. 
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Tagetes glandulifera, terpene ketones 
from the volatile oil of (JoNEsS and 
SMITH), 2530. 

Tagetone, and its derivatives (JONES and 
SMITH), 2538. 

Tartaric acid, dissociation constants of 

(Brirron), 1905. 
rotatory dispersion of derivatives of 
(AUSTIN and PARK), 1926. 
tetrathallium salt (CHRISTIE and 
MENZI&s), 2371. 
Tautomerism and additive 
(INGOLD), 469. 
of dyads (INGoxLp), 1199; (GriIFFITHS 
and INcoLp), 1698. 
lactam-lactim, in relation to absorp- 
tion spectra (MorTON and Rocerrs), 
2698 
ring-chain (Kon, Sm1TuH, and THORPE), 
567; (BAKER), 985; (ROTHSTEIN, 
STEVENSON, and THORPE), 1072. 
three-carbon (Kon and LinsTEap), 
616, 815. 
in the cyclopropane series (Goss, 
INGOLD, and THORPE), 460. 
Tellurium tefrachloride, interaction of 
acetic anhydride with (MorGAN 
and Drerw), 531. 
reactions of, with aryl alkyl ethers 
(MorGAN and Drew), 2307. 
reactions of ketones with (MORGAN 
and ELVINS), 2625. 
Tellurium organic compounds :— 
Tellurium alkyl and aryl ketones, 
and their halides (Morean and 
ELVINS), 2627. 
O-ethyldizsobutyrylmethane tri- 
chloride (MorGan and TAYLOR), 
804, 
m-nonoylacetone trichloride (Mor- 
GAN and TAYLoR), 806. 
Telluridiacetic acid, dichloro- 
(MorGAN and Drew), 534. 
cycloTelluripentanedione dichlorides 
(Morcan), 2611, 


reactions 
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Tellurium organic compounds :— 
Tellurodiacetic acid, and its salts 
(MorGANn and Drew), 535. 
Tetra-acetyl glucose, and its 6-nitrate 
(OLDHAM), 2843. 
Tetra-acetyl glucoside 
MACBETH), 1639. 
Tetra-anhydrotetrakisdiphenylgerm- 
anediol (MorGAN and Drew), 1766. 
Tetrabenzylmethane (TROTMAN), 94. 
n-Tetradecoylacetone. See Myristoyl- 
acetone. 
Tetraethylmethane. 
pentane. 
Tetrahydroberberine, 6-nitro-(HAWorTH 
and PERKIN), 1451. 
Tetrahydroquinazoline-2:4-dione, 
3-amino-, derivatives of (WILSON and 
CRAWFORD), 108. 
Tetrakistrimethylstibinepalladous 
chloride (MorGAN and YARSLEY), 
190. 
Tetrakistrimethylstibineplatinous salts 
(MorGAN and YARSLEY), 187. 
w:3:4:5-Tetramethoxyacetophenone, and 
its semicarbazone (PRATT and RoBIN- 
son), 173. 
6:7:2’:3’-Tetramethoxy-2-benzoyl-1:2- 
dihydro¢soquinoline, 1-cyano- (Ha- 
worTH and PERKIN), 1442. 
6:7:2':3’-Tetramethoxy-2-benzyl-1:2- 
dihydrotsoquinoline, 1-cyano- and 
1-hydroxy- (HAworTH and PERKIN), 
1438. 
6:7:3’:4’-Tetramethoxy-2-benzyl-1:2- 
dihydroisoquinoline, 1-cyano- and 
1-hydroxy- (HAWoRTH, PERKIN, and 
RANKIN), 1445. 
6:7:2’:3’-Tetramethoxy -2-benzyl-3:4- 
dihydrodsoquinolinium iodide (Ha- 
WorRTH and PERKIN), 1439. 
6:7:3’:4’-Tetramethoxy-2-benzyl-3:4- 
dihydroisoquinolinium salts (Ha- 
WORTH, PERKIN, and RANKIN), 1446. 
6:7:2’:3’-Tetramethoxy-2-benzy1-3:4- 
dihydro-1-‘soquinolone (HAWORTH 
and PERKIN), 1440. 
6:7:2’:3’-Tetramethoxy-2-benzyl- 
1-methyl-1:2:3:4-tetrahydrozsoquino- 
line, and its picrate (HAWoRTH and 
PERKIN), 1442. 
6:7:2’:3’-Tetramethoxy-2-benzyl- 
1-nitromethyl-1:2:3:4-tetrahydro7so- 
quinoline (HAworTH and PERKIN), 
1440. 
6:7:3’:4’-Tetramethoxy-2-benzyl- 
1-nitromethyl-1:2:3:4-tetrahydroiso- 
quinoline (HAWorTH, PERKIN, and 
KANKIN), 1447. 
6:7:3':4’-Tetramethoxy-2-benzy1-1-iso- 
quinoline (HAworTH, PERKIN, and 
RANKIN), 1446. 


(CRAIK and 


See 3:3-Diethyl- 
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6:7:2’:3’-Tetramethoxy-2-benzyliso- 
quinolinium bromide and_ iodides 
(HAwoRTH and PERKIN), 1487. 
6:7:3':4’-Tetramethoxy-2-benzyliso- 
quinolinium bromide and_ iodide 
(HAwoRTH, PERKIN, and RANKIN), 
1445. 
6:7:2':8’-Tetramethoxy-2-benzyl-1-7so- 
quinolone (HAWorTH and PERKIN), 
1439, 
6:7:2’:3’-Tetramethoxy-2-benzyl- 
1:2:3:4-tetrahydrozsoquinoline, and 
1-cyano-, and 1-hydroxy-, and its salts 
(HaworTH and PERKIN), 1439. 
6:7:3':4’-Tetramethoxy-2-benzyl-1:2:8:4- 
tetrahydrovsoquinoline, and 1-cyano-, 
and 1-hydroxy- (HAworTH, PERKIN, 
and RANKIN), 1446. 
6:7:2’:3’-Tetramethoxy-2-benzyl-1:2:3:4- 
tetrahydrozsoquinoline-1-carboxyl- 
amide (HAworta and PERKIN), 
1443, 
5:7:2’:4’-Tetramethoxyflavylium 
(PRATT and Rosinson), 1134, 
3:7:3':4’-Tetramethoxy-5-hydroxy-2- 
styrylchromone (RoBINSoN and Sur- 
NODA), 1979. 
Tetramethylene sulphide, and its deriv- 
atives (THIERRY), 2758. 
Tetramethyl galactonamide (PRYDE, 
Hirst, and HuMPpHREys), 353. 
Tetramethyl galactonolactones (PRypz, 
Hirst, and HuMPHREYs), 352. 
Tetramethylglucose, mutarotation of, in 
various solvents (Lowry and RicH- 
ARDS), 1385. 
3:3’:4’:5’-Tetramethylmyricetin, and its 
diacety] derivative (KALFF and Rosrn- 
son), 188. 
1:3:4:6-Tetraphenyl-1:4-dihydro-1:2:4:5- 
tetrazine, 1:4-di-p-bromo- and 1:4-w- 
2’:4’-tetrabromo- (CHATTAWAY and 
WALKER), 982. 
Tetraphenylgermane 
Drew), 1762. 
Thallium compounds, use of, in organic 
chemistry (CHRISTIE and MEnzr&s), 
2369. 
Thiocyanie acid, nitrobenzyl 
(FoorneR and SMILEs), 2890. 
Thiocyanogen, action of, on unsaturated 
compounds (CHALLENGER and Bort), 
1039. 
‘*Thioindican,”’ synthesis of (CRAIK and 
MACBETH), 1637. 
Thionic acids. See under Sulphur. 
Thionyl chloride, See under Sulphur. 
Thiosulphates. See under Sulphur. 
Thorium hydroxide, electrometric pre- 
cipitation of (BRiITTon), 2110, 
Thyroxin, relation of tryptophan to 
(Hicks), 771. 


salts 


(MorcAN and 


esters 
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Tin hydroxide, electrometric precipit- 
ation of (BRITTON), 2120. 

o- and p-Tolualdehydes p-nitrophenyl- 
hydrazones (STEPHEN), 1877. 

Toluene, catalysis of the chlorination of 
(0. 
PARKE), 1724, 

mercuration of (CorFEy), 1029. 

Toluene, preparation of polychloro- and 
chloronitre-derivatives of (SILBER- 
RAD), 2677. 

4-chloro-2:3-dinitro- (KENNER, Ton, 
and WITHAM), 2348. 

o-nitro-,_—_ dielectric 
(HaARRIs), 1067. 

dinitro-derivatives, ionisation of, in 
liquid ammonia (FIELD, GARNER, 
and SMITH), 1229, 

trinitro-, equilibrium of naphthalene 
and, in nitrobenzene (BRown), 345. 

p-Tolueneazoallylformaldoxime 

(WALKER), 1861, 

p-Toluenesulphinic acid, and its deriy- 
atives, and their rotation (PHILLIPS), 
2568, 

p-Toluenesulphonbenzylamide (HoimeEs 
and Incoup), 1812. 

p-Toluenesulphonbenzylmethylamide 
(HouMgEs and INcotp), 1813. 

p-Toluenesulphonic acid, glyceryl ester 
(FAIRBOURNE and Foster), 2762. 

d-a-p-Toluenesulphonoxy propionic acid, 
and its ethyl ester and amide, rotatory 
power and reactions of (KENYON, 
PHILLIPs, and TuRLEY), 411. 

Toluene-p-sulphonyl-8-p-anisidinopro- 
pionic acid (CLEMO and PERKIN), 
2305. 

Toluene-p-sulphonylbenzylaminoacetic 
acid, and its ethyl ester (CLEMo and 
PERKIN), 2307. 

Toluene-p-sulphony1-8-y-phenetidino- 
propionic acid (CLEMO and PERKIN), 
2306. 

Toluene-p-sulphonyl-8-toluidinopro- 
pionic acids (CLEMO and PERKIN), 
2302. 

4-Toluenethiolsulphonic acid, 2-nitro- 
phenyl ester (MILLER and SmiIzzs), 
229, 

Toluidines, chloronitro-, and their acetyl 
derivatives (KENNER, Top, and WITH- 
AM), 2346. 

B-o- and  -m-Toluidinobenzylmalonic 
acids, ethyl esters (WAYNE and Co- 
HEN), 455, 

B-m- and -p-Toluidinobenzylmalonic 
acids, methyl esters (WAYNE and 
CoHEN), 459. 

Toluidinomethylbenzthiazoles, and di- 
bromo-, and their derivatives 
(HUNTER), 2026. 


constant of 


and C. A. SILBERRAD and > 


ay. 
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f-o-Toluidinopropiono-o-toluidide 
(CLEMO and PERKIN), 23803. 
1-m-Toluidino-m-toluthiazole, 
derivatives (HUNTER), 2027. 
Toluquinone, action of azides on (CHAT- 
TAWAY and PaRKEs), 1307. 
m-Tolyl methyl ether, 4-chloro-6-nitro- 
(KENNER, Top, and WITHAM), 2348. 
p-Tolyl methyl ether, 2-amino-, and 
5-bromo-2-amino-, 2-acety] derivatives 
(GRIFFITH and Hope), 992. 
_p-Tolylacetaldehyde p-nitrophenyl- 
hydrazone (STEPHEN), 1877. 
N-p-Tolylbenzimino- p-tolyl ether (CHAr- 
MAN), 1998, 
o-Tolylcycloiminotoluquinone (CHATTA- 
way and PARKEss), 1310. 
p-Tolylmethylethylarsine (MILLS and 
RAPER), 2481. 
p-Tolylmethyliodoarsine 
RAPER), 2481. 
m-Tolyloxide, thallous salt (CHRISTIE 
and MENZIEs), 2373. 
p-Tolylselenoglycollic acid, and _ its 
bromides (MorGAN and Porrirvt), 
1758. 
p-Tolylselenoxyglycollic acid (MorGAN 
and Porritt), 1758. 


and its 


(Mitts and 


2:4:6-Triacetoxybenzaldehyde (PRATT 
and RoBinson), 1184. 
Triacetyl methylglucoside, and _ its 


derivatives (OLDHAM), 2843, 

Trianhydrotetrakisdiphenylgermanediol 
(MorGan and Drew), 1766. 

n-Tridecoylacetone, and its copper salt 
(MorGAN and HoutMss), 2894. 

Triethyl phosphate, surface tension and 
density of (SUGDEN, REED, and WIL- 
KINS), 1539. 

Triethylearbinyl iodide (Morcan, Car- 
TER, and Duck), 1253. 

Triethylene érisulphide, supposed, true 
nature of (BENNETT and Berry), 910. 

Triethylphosphine, reactions of (COLLIE), 
964, 

3’:4':5-Trimethoxybenzil, 2:4-di- and 
2:4:6-tri-hydroxy-, and their acetyl 
derivatives (MARSH and STEPHEN), 
1637. 

Trimethoxyglutardiamide (Hirst and 
ROBERTSON), 362. 

3:7:2’-Trimethoxy-5-hydroxyflavone 
(KALFF and Rosinson), 1971. 

3’:5:7-Trimethoxy-4’-hydroxy-2-phenyl- 
4-styrylbenzopyrylium chloride 
(WALKER and HEILBRON), 689. 

Trimethoxy-5-mono- and -5:7-di-hydr- 
oxy-2-styrylchromones (ROBINSON and 
SHINODA), 1978. 

Trimethyl y-arabinose, preparation and 
oxidation of (BAKER and HaworrTs), 
368, 
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Trimethyl arabonolactones (PRYDE, 
Hirst, and HumpnRreys), 354, 

Trimethylene glycol dinitrophenyl 
ethers, and their derivatives (FAIr- 
BOURNE and FosTErR), 2761. 

a88-Trimethylglutaro-y-lactones, a- and 
a’-hydroxy- (RoTHSTEIN, STEVENSON, 
and THorpR), 1077. 

2:3:5(or 2:3:4)-Trimethylglucose, syn- 
thesis of (IRVINE and OLDHAM), 
2729. 

2:3:5-Trimethyl glucose 1:6-dinitrate 
(OLDHAM), 2841. 

Trimethyl glycerol 
PURVES), 2744. 

Trimethylglyoxalinium iodides, 4(5)- 
nitro- (BHAGWAT and PymAN), 1834. 

trans-d-2:2:4-Trimethylcyc/ohexane-1- 
carboxylic acid, 3-hydroxy-, and its 
methyl ester (GIBSON and SIMONSEN), 
1302. 

d-2:2:4-Trimethylcyclohexan-3-one-1- 
carboxylic acid, and its derivatives 
(GIBSON and SIMONSEN), 1294. 

]-2:2:4-Trimethyl-A*-cyclohexene-1- 
carboxylic acid, and its methyl] ester 
(GiBsON and SIMONSEN), 1802. 

Trimethyl y-methylarabinoside (BAKER 
and HawortTH), 367. 

Trimethyl a- and 8-methylarabinosides 
(Hirst and Ropertson), 360. 

Trimethyl methylglucoside (IRVINE and 

OLDHAM), 2920. 
6-mononitrate (OLDHAM), 2841. 

Trimethylstibine, reactions of, with 
platinic and palladous chlorides 
(MorGAN and YARSLEY), 184. 

2:4:6-Trimethyleyclotelluripentane-3:5- 
dione 1:1-dichloride (MorGAN and 
TAYLOR), 800. 

2:4:6-Trimethylcyc/otelluropentane-3:5- 
dione, and its dioxime (Moraan and 
TAYLOR), 800. 

Trioxymethylene, action of, on mag- 
nesium phenyl bromide (MARSHALL), 
2188. 

Triphenyl phosphate, surface tension 
and density of (SUGDEN, REED, and 
WILKINS), 1539. 

d- and J/-aa8-Triphenylethanols, {|- 
amino-, camphorsulphonates _— of 
(McKEnNzIE and WILLS), 291. 

d- and J-aa8-Triphenylethyl alcohols, 
B-amino- (McKEnzigz and WILLs), 290. 

Triphenylgermanium oxide and bromide 
(MorGAN and Drew), 1762. 

2:3:3-Triphenylmethylene-1:2-oxaimine 
(BURKHARDT, LAPWORTH, and WALK- 
DEN), 2458. 

aa8-Triphenyl-8-methylethyl alcohol, 
B-amino- (McKenzig and WILLS), 
292, 


(GILCHRIST and 
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aa8-Triphenylpropylene a8-glycol 
(RocgerR), 522. 

Tropic acid group, displacement reactions 
in (McKENZIE and STRATHERN), 82. 
Trypanocidal action and chemical con- 
stitution (Kine and Murcw), 2682 ; 

(BALABAN and Kine), 2701. 

Tryptophan, relation of thyroxin to 
(Hicks), 771. 

Tungsten, catalysis of the interaction 
of hydrogen and carbon dioxide by 
(HINSHELWOOD and PRICHARD), 1546. 

Tungsten wire, electric explosion of 
(BriscoE, RoBINSoN, and STEPHEN- 
SON), 240. 

Turpentine, oxidation of organic com- 
pounds in (WALKER), 1491. 


U. 


Ulmins from coal (FRANCIS and WHEE- 
LER), 2236. 

n-Undecoylacetone, and its copper salt 
(MorGAN and Houmgs), 2893. 

Universities as centres of chemical re- 
search (WYNNE), 936. 

Unsaturated compounds, formation of, 
from halogenated open-chain deriv- 
atives (INGOLD), 387 ; (HAERDI and 
THORPE), 1237. 

polar and non-polar valencies in 
(SUGDEN, REED, and WILKINS), 
1625, 

catalytic hydrogenation of (LEBEDEV, 
KOBLIANSKY, and YAKUBCHIK), 
417. 

action of thiocyanogen on (CHAL- 
LENGER and Bort), 1039. 

Uranium :— 

Uranic hydroxide, electrometric pre- 
cipitation of (BRITTON), 2148, 

Uranyl nitrate, oxidation of ethyl 
ether to oxalic acid in presence of 
(ROWELL and RussEL.), 2900. 


V. 


Valency, influence of, on dissociation 
constants of dibasic acids (Spiers 
and THORPE), 538. 

polar and non-polar, in unsaturated 
compounds (SuGDEN, REED, and 
WILKINS), 1525. 
B-isoValeryl-a-methylpropionic acid, 
and its derivatives (JONES and SMITH), 
2536. 
Vanillin, thallous salt (CHRISTIE and 
MENZIES), 2373. 
Vanillylidenenitromethane, as an indica- 
ye (Rao, SRIKANTIA, and lyENGAR), 
60. 


SUBJECTS. 


Vanillylsuccinic acid, and its deriv- 
atives (BAKER‘and LApworrsH), 564. 

Varnish surfaces, measurement of 
polarity of (ApAM, MorrReELL, and 
Norrish), 2793. 

Velocity of benzylation of amines (PEA- 
cock), 2177. 

Velocity of reaction in mixed solvents 
(McComBiE, Rosertrs, and Scar- 
BOROUGH), 753. 

Veratric acids, preparation of (Ep- 
WARDS, PERKIN, and SToyLeE), 197, 
198. 


B-Veratrylacrylic acid, a-cyano- (BAKER ~ 


and Rogpinson), 1482. 

Veratrylaminoacetal (ForsyTH, KELLY, 
and PyMAn), 1665. 

1-Veratrylhydrohydrastinine, and 67’- 
amino- and 6’-nitro-, and their salts 
(HaworrH, PERKIN, and RANKIN), 
2020. 

Veratrylideneaminoacetal 
KELLY, and PyMAN), 1665. 

1-Veratryl-6:7-methylenedioxydihydro- 
isoquinoline methiodide (HAWwoRTH, 
PERKIN, and RANKIN), 2020. 

Veratrylnorhydrohydrastinine, 6’- 
bromo-, and its salts, and formyl 
derivative and 6’-nitro- (HAwoRTH 
and PERKIN), 1450. 

8-Veratrylpropionic acid, a-cyano-, 
(BAKER and Rosrnson), 1488. 

§-Veratrylpropionitrile (BAKER 
RoBinson), 1433. 

Vinylarsines, chloro- (HunT and Tur- 
NER), 996. 

Violuric acid, absorption spectra and 
ionisation of (Morton and Trpprne), 
2514, 

Volume, molecular, changes in, of 
monobasic fatty acids (GARNER and 
RypDEr), 720. 


(ForsyTH, 


and 


W. 


Walden inversion (KENYON, PHILLIPs, 
and TurLEy), 399; (SENTER and 
WARD), 1847. 

Water, photosensitive formation of, in 
presence of chlorine (NoRRISH and 
RIDEAL), 787. 

ionic activity of, in glycerol—water 
mixtures (CoLVIN), 2788. 

adsorption of, on surfaces of glass and 
platinum (McHArFFi& and LENHER), 
1559. 


decomposition of, by metallic couples 
(HEpDGEs and Mykrs), 495. 

detection and estimation of, in methyl 
alcohol (HARTLEY and RatIKgs), 
526. 
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xX. Z. 
2-m-Xylidino-5-ethoxy-4:5-dihydro- Zine, allotropy of (STOCKDALE), 2954, 
thiazole, and its picrate (NIMKAR and effect of colloids on the displacement 
(PYMAN), 2746. of lead and copper from their salts 


by (Gray), 776. 
Zine hydroxide, electrometric precipita- 


¥; tion of (Brirron), 2120. 
Zirconium hydroxide,  electrometric 
Yttrium hydroxide, electrometric pre- precipitation of (BrirTon), 2120. 


cipitation of (BRITroNn), 2142. 


FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the 
remainder alphabetically. 

The compounds ere arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc.). ’ 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). Ae 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances, 


C, Group. 
CH, Methane, ignition of mixtures of air with (WHEELER), 14. 
CCl, Carbon tetrachloride, dielectric constant of (HARRIS), 1065. 
1 II 
CHCl, Chloroform, dielectric constant of (HARRIs), 1066. 


CH.0 Formaldehyde, vapour pressure of, in aqueous solutions (BLAIR and Lxp- 
BURY), 26, 2832. 


CH,0, Formic acid, velocity of reaction of bromine with (Hammick, Hurcuison, 
and SNELL), 2715; action of, on sesquiterpenes (ROBERTSON, KERR, and 
HENDERSON), 1944. 


CH.Te, Ditelluromethane (Morcan and Druw), 537. 
CH,0 Methyl alcohol, preparation of pure (HARTLEY and Rarxkgs), 524. 
CH;N Methylamine, detection of, in presence of ammonia (VALTON), 40. 


CNS_ Thiocyanogen, action of, on unsaturated compounds (CHALLENGER and 
Bort), 1088. 


1 Ill 
CH,Cl,Te, Methylenebistelluritrichloride (Morcan and Drew), 536. 
CH,ON, Carbamide, reaction of sodium hypobromite with (Donap), 2255. 


Qed. DIN AAR 

5 HR dio enncsntpon . 

CHO,C Brs. orobromomethanesulphonic acid, optical activity of, and its salts 
(READ and McMaru), 1572. . 


C, Group. 
C,H, Acetylene, explosion of mixtures of nitrogen and (GARNER and SAUNDERS), 77. 
211 
C,H,0, Oxalic acid, formation of, from ether, and its uranium salts (RowELL and 
Russet), 2900; dissociation constants of (Britron), 1905; tervalent 


molybdenum salts (WARDLAW and PARKER), 1311; silver salt, decomposition 
of (MAcDoNALD and HINSHELWoOoD), 2764. 


C,H,Cl, Ethylene dichloride, dielectric constant of (HARRIS), 1066. 
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C,H,O Ethyl alcohol, partial pressures of aqueous solutions of (DoBson), 2866 ; 
swelling and dispersion of colloids in mixtures of ether and (MARDLES), 2940 ; 
catalysis by alumina of the reaction between ammonia and (DorRELL), 2399. 


2 Il 
C,HO,Cl, Trichloroacetic acid, additive compounds of, with esters (KENDALL and 
Booggr), 1771. 
C,H,OCl, s-Dichlorodimethyl ether, condensation of phenylethylamine with 
(SHORT), 269. 
2 IV 


C.H;0;C1S Chlorosulphoacetic acid, preparation and resolution of, and its salts 
(BACKER and BuRGERs), 233, 


C.H;0,SNa_ Sodium ethyl sulphoxylate (VoaEL and PartineTon), 1522. 


C, Group. 
C;H,0, Malonic acid, dissociation constants of (BRITTON), 1906; alkaline earth 
salts, solubilities of (WALKER), 62. 
C;H,O, Methyl acetate, equilibrium of the hydrolysis of (Burrows), 2723. 
C;H,O, Trioxymethylene, action of, on Grignard reagents (MARSHALL), 2188, 


C;H,0; Glycerol, ionic activity of water in aqueous solutions of (CoLVIN), 2788 ; 
liquid and vapour phases of aqueous mixtures of (IyER and Usner), 841. 


3 IV 


C;H,.C1,SbPd Trimethylstibinedichloropalladium hydrochloride (MorcAN and 
YARSLEY), 190. 


C, Group. 


C,H,0, Methyl propiolate (INcoLpD), 1208. 

C,H,0, Fumaric acid, Réntgen ray structure of (YARDLEY), 2207 ; thallous salt 
(CHRISTIE and MENzIEs), 2370, 

Maleic acid, Réntgen ray structure of (YARDLEY), 2207; thallous salt (CHRISTIE 
and MENzIEs), 2370. 

C,H,O Acetic anhydride, interaction of tellurium tetrachloride and (MorGAN and 
Drew), 531. 

C,H,O, Succinic acid, dissociation constants of (BRITTON), 1906; alkaline earth 
salts, solubilities of (WALKER), 62; thallous salt (CHRISTIE and MENzIEs), 
2370. 

C,H,O, Tartaric acid, dissociation constants of (BRITTON), 1905; thallous salt 
(CHRISTIE and MENZzIEs), 2371. 

C,H,N, 2-Amino-4(5)-methylglyoxaline (BURTLES and PyMAN), 2017. 

C,H,O Methylvinylcarbinol, resolution and rotation of (KENyoN and SNELLGROVE), 
1174. 


C,H,O, Ethyl acetate, effect of salts, sugars, and temperature on solubility of 
(GLASSTONE and Pounp), 2660. 


C,H,S, Triethylene trisulphide, supposed true nature of (BENNETT and BERRY), 
910. 


C,H,,.0, Ethyl ether, swelling and dispersion of colloidsin mixtures of alcohol and 
(MaRDLES), 2940 ; oxidation of, to oxalic acid in presence of uranyl nitrate 
(RowELL and RussE.u), 2900. 


C,H,,0, «-Methyl glycerol (GiLcuRist and Purvss), 2744, 
4 III 


C,H,0,N, Violuric acid, absorption spectra and ionisation of (Morton and 
TIPPING), 2514. 
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C,H,0,Te Tellurodiacetiec acid, and its salts (Morcan and Drew), 535. 
C,H,0,Te, Ditellurodiacetic acid (MorGAN and DREW), 536. 

C,H,0C], 8-Methyl ay-dichlorohydrin (GincHRIsT and Purvis), 2743, 
C,H,Cl,Se ’-Dichlorodiethy] selenide (BELL and Grsson), 1882. 
C,H,Cl,Se 88’-Dichlorodiethy] selenide dichloride (BELL and Greson), 1880. 
C,H,Br.Se ff’-Dibromodiethy] selenide (BELL and GrBson), 1883. 
C,H,Br,Se f’-Dibromodiethy] selenide dibromide (BELL and Gipson), 1281. 
C,H,,0,P Diethylphosphinic acid, silver salt of (CoLLIE), 964. 


4 1V 

C,H;0,N;,S Nitrothiol-2-methylglyoxaline, and its ammonium salt (BHAGWAT and 
PyMan), 1835. 

C,H;0,NCl, Ethyl dichloronitroacetate (MAcBETH and TRAILL), 895. 

C,H,O,NBr, Ethyl dibromonitroacetate (MacBETH and Traru1), 896.» 

C,H,0,Cl,Te Dichlorotelluridiacetic acid (MorGAN and Drew), 534. 

C,H,OC],Te Tellurium methylethylketone trichloride (Morgan and ELyins), 
2628. 

C,H;Cl,Br.Se f’-Dibromodiethyl selenide dichloride (BELL and Grgson), 1883. 

BB’-Dichlorodiethyl! selenide dibromide (BELL and Gipson), 1883. 

C,H,0O,N,.Cl Ammonio-derivative of ethyl chloronitroacetate (MacBETH and 
TRAILL), 895, 1122. . 

C,H,O,N.Br Ammonio-derivative of ethyl bromonitroacetate (MACBETH and 
TRAILL), 896. 

C,H,CISHg soButyl mercaptan mercurichloride (BrrcH and Norris), 905. 

C,H,,0,N,Cl Ethyl chloronitroacetate hydrazide (MAcBETH and TRaILL), 1122. 

C,H,,C1,8,Cd Dimethyldithiolethylene cadmium chloride (MoreAn, CarTER, and 
Harrison), 1922. 

C,H, .Cl,S,Zn Dimethyldithiolethylene zinc chloride (MorGAN, CARTER, and 
Harrison), 1921. 

C,H,,.Br.8,Cd Dimethyldithiolethylene cadmium bromide (MoRGAN, CARTER, 
and HARRISON), 1922. 

C,Hiol.8.Zn Dimethyldithiolethylene zinc iodide (MorcAN, CARTER, and Harrt- 
son), 1921. 

4V 
C,H,O,NCIBr Ethyl chlorobromonitroacetate (MAcBETH and TRAILL), 896. 


C; Group. 
C;H;N Pyridine, distribution of, between water and benzene (WoopMAN and 
CoRBET), 2461. 
C,H,N, 2-Amino-4:5-dimethylglyoxaline, and its salts (BURTLES and PyMAn), 
2015. 
C;H,,0 Ethylvinylcarbinol, resolution and rotation of (KENYon and SNELLGROVE), 
1175: 


C;H,,0; Arabinose, constitution of (Hrrst and Ropertson), 358. 
C;H,.S Pentamethylene sulphide, and its salts (THIERRY), 2758. 
C;H,.0, «8-Dimethylglycerol (GiLcHRIsT and PuRvVEs), 2748. 
5 Ill 
C;H,0;N, 3:5-Dinitro-4-pyridone (CRownk), 2029. 
C;H,0,N, 3-Nitro-4-pyridone (CRow®), 2028. 
C;H;0,N, 3-Nitro-5-amino-4-pyridone, and its hydrochloride (CRowk), 2029. 
C;H;0,1 1-Iodocyclopropane-1:2-dicarboxylic acid (INc and PERKIN), 2394, 
C;H,ON, 3-Amino-4-pyridone, and its salts (CROWE), 2029. 
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C;H,O,N, Nitro-1:2-dimethylglyoxalines, and their salts (BHAGWAT and PYMAN), 
1833. > 


C;H,0,K Potassium ethyl malonate, electrolysis of (RoBERTSON), 2057. 
C;H,N.S 2-Methylamino-4-methylthiazole, and its hydrochloride (BurrLEs, Py- 
MAN, and RoYLANCE), 588. 
2-Thioldimethylglyoxalines (BURTLES, PyMAN, and RoyLANCR), 586. 
C;H,,0.N. Glutardialdoxime, preparation of (SHAW), 215. 
Malonmonoethylamide (WzsrT), 750. 
C;H,,IS Tetramethylene sulphide methiodide (THIERRY), 2758. 
C;H,;0,N,; Hydrazine derivative of ethyl a-nitropropionate (MacpETH and 
TRAILL), 897. 
51V 
C;H,O,NCl Ethyl a-chloronitropropionate (MAcBETH and TRAILL), 896. 
C;H,O,NBr Ethyl a-bromonitropropionate (MacrerH and TRAILL), 897. 
C;H,OC1],Te ‘Tellurium diethylketone trichloride (MorcaN and Evins), 2629. 
C;H,O,N.Br Bromomalonmonoethylamide (Wxsr), 751. 


C, Group. 


C,H, Benzene, dielectric constant of (HARRIS), 1065 ; cryoscopy with (JONEs and 
Bury), 1947. 
6 II 


C,H,0, p-Benzoquinone, preparation of (CRAVEN and Duncan), 1489. 

C,H,O, 3:5-Dinitrocatechol, colorimetric dissociation constants of (LAXTON, 
PRIDEAUX, and RADFORD), 2499. 

4:6-Dinitroresorcinol, colorimetric dissocjation constants of (LAXTON, PRIDEAUX, 
and RapForD), 2499. _ ae ere 336] 

C,H,0* Phenol, surface tonston' of aqueous solutions of (GoARD and RipRAt), 780, 
1668; molecular condition of, in benzene (PHILIP and CLARK), 1274 ; effect of 
salts on the equilibrium and critical solution temperature of, in water 
(CARRINGTON, Hickson, and PaTrerson), 2544 ; equilibrium of salicylic acid, 
water, and (BAILEY), 1951. 

C.H,O, cis-1-Methyleyclopropane-1-2-dicarboxylactone (INGoLD), 398. 

Phloroglucinol, absorption spectra of (Morton and Rocsrs), 2700. 

C;H,O, Phthalic acid, thallous salt (CHRISTIE and MrEnztzEs), 2370. 

C,H,N Aniline, physical properties of, and its aqueous solutions (APPLEBEY and 
DAVIES), 1836. 

C,H;0, «ay-Dialdehydopropane-8-carboxylic acid (PERKIN and Pink), 194. 

Hydroxy-a-methylglutarolactones, and their salts (INGoLD), 394. 
cis- and trans-1-Methyleyclopropane-1:2-dicarboxylic acids, and their salts (INGOLD), 
396. 

C,H,,0, Ethyl acctoacetate, interaction of o-hydroxydistyryl ketones and 
(HRILBRON, ForsTER, and WHITWORTH), 2159. 

C,H,,0; Dextrin, constitution of (IRVINE and OLDHAM), 2914. 

Hydroxy-a-methylglutaric acids, and their salts (INGoLD), 394. 
Methylitamalic acid, barium salt (INGoLD), 397. 

C,H,.0 x-Propylvinylcarbinol, resolution and rotation of (KENYON and SNELL- 
GROVE), 1176. 

C,H,,0, Dextrose, dissociation constant of (BriTron), 1902. 

C;H,.S, Hexamethylene disulphide (BENNETT and Hock), 2676. 

C.H,,0, Trimethyl glycerol (GitcHRisT and PurvEs), 2744. 

C,H,,S isoPropylmercaptan n-propyl ether (Brrcn and Norris), 904, 

C,H,,;P ‘Triethylphosphine, preparation and reactions of (CoLLIE), 964. 
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6 III 
C.H;0,.Al Aluminioxalic acid, salts of, with optically aitive bases (CHILD, 
RoBeErts, and TURNER), 2971. 
C,H;,0,.Sb Antimonoxalic acid, potassium salt (Honmzs and Turner), 1753. 
C.H;Cl,S 2:5-Dichlorophenylsulphur chloride (MILLER and Smi1uEs), 230. 
C,H;FeN, UHydroferricyanic acid, potassium salt, oxidation of carbohydrates by 
(KNECHT and H1IBBERT), 2854. 
C;H,ClAs p-Chlorophenyldichloroarsine (Hunt and TuRNER), 2671. 
C,H;ON Nitrosobenzene, bromination and nitration of (INcouD), 515. 


C.H;0,N Nitrobenzene, dielectric constant of (HARRIs), 1067; cryoscopy with 
(Brown), 345. 


C,H,O.Ge Phenylgermanonic acid (MorGAN and Drew), 1764. 
C.H.N.Br, 2:4-Dibromophenylhydrazine, preparation of (HUMPHRIES and Evans), 
1676. 


C,.H,O;N f-Ethylearbonatopropionitrile (CHAPMAN and STEPHEN), 888. 
C,H,,0N a-Ethylcrotonamides (NEWBERY), 301. 
Methylpentenoic amides (Kon and LINsTEAD), 623. 


C.Hi,0,;N Methoxymethylanthranilic acids (HEILBRON, KrTcHEN, PARKRs, and 
Sutton), 2173. 


C.H,.0.N. Malonmonodsopropylamide (Wexsr), 750. 

CsH120;S cycloHexanesulphonic acid, salts of (KorKER and LApwortn), 312. 

C.Hi201,S yy’-Dichlorodipropyl sulphide, and its platinic chloride additive 
compound (BENNETT and Hocr), 2674. 

C.H,;C1S Pentamethylenemethylsulphonium chloride (THIERRY), 2759. 


6 1V 
C.H,0,N,Cl 3-Chloro-2:5:6-trinitrophenol (Hopason and Moors), 1603. 
C,H,OCIAs y-Chlorophenylarsenious oxide (Hunt and TuRNER), 2671. 
C,H,OBrAs p-Bromophenylarsenious oxide (HUNT and TuRNER), 2670, 
C.H,O,NBr 3-Bromo-p-benzoquinone-4-oxime (Hongson and Moorr), 2261. 
Bromonitrosophenols (Hopeson and Moore), 2261. 
C.H,O,NI 3-Iodo-p-benzoquinone-4-oxime (Hopason and Moors), 2262. 
2-Iodo-4-nitrosophenol (Hopason and Moore), 2264. 
C.H,0,NCl] 3-Chloro-2-nitrophenol, and its silver salt (Hopason and Moors), 
1600. 


C.H,O,NBr 3-Bromo-4-nitrophenol (Hopcson and Moor), 2262. 
C.H,O,NI 3-Iodo-4-nitrophenol (Hopason and Moorr), 2263. 
C,H,Cl,BrAs p-Bromophenyldichloroarsine (HuNT and TuRNER), 2670. 


C,H,ONBr p-Bromophenylhydroxylamine, preparation of (HAwortTH and Lap- 
WorTH), 2970. ; 

C.H,,0.N.Te 2-Methylcyclotelluropentane-3:5-dione dioxime (MorcAn and Ket- 
LETT), 2621. 

C,H, 02.N,I 4(5)-Nitrotrimethylglyoxalinium iodides (BHAGWAT and PyMAN) 
1834. 


C.H,,0,01,Te Tellurium bisacetone dichloride (Morcan and Exvrns), 2628. 

C.H,,0,NCl Ethyl a-chloronitrobutyrate (MAcBETH and TRAIL), 897. 

C,.H,,.0,NBr Ethyl a-bromonitrobutyrate (MAcBETH and TRAILL), 897. 

C.H,,ONBr, «8-Dibromo-a-ethylbutyramides (NEWBERY), 304. 

C.H,,0C1,Te Tellurium pinacolin trichloride (MorcAN and Exyins), 2630. 

C,H,,0,N,.Br Bromomalonmonoisopropylamide (WeEsT), 752. 

C.H,,0,.C1,8 yy’-Dichlorodipropylsulphone (BENNETT and Hock), 2675. 

C,H,,01],Br,8 yy'-Dichlorodipropyl sulphide dibromide (BENNETT and Hock), 
2674. 
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C.H,,0.S,Hg y-Hydroxypropyl mercaptan mercaptide (BENNETT and Hock), 
2673. 

C.H,sCl,Sb,Pd hbistrimethylstibinedichloropalladium (Morgan and YARSLEY), 
190, 

C.H,sCl.Sb,Pt Bistrimethylstibinedichloroplatinum (Morcan and YARSLEY), 
188, 


6V 
C.H;0,C1,IS 2:5-Dichlorobenzenesulphonyl iodide (Grsson, MiLER, and SMILEs), 
1823. 


C, Group. 


C;H, Toluene, catalytic chlorination of (O. and ©, A. SILBERRAD and Parks), 
1724 ; mercuration of (Corry), 1029. 


‘ Toll 
_C,H,O, Benzoic acid, periodic crystallisation of (HEDGES and Mygrs), 2434. 
C,H,O; Salicylic acid, heat of combustion of (BERNER), 2747; equilibrium of 
phenol, water, and (BAILEY), 1951. 


C,H,0, Resorcinol methyl ether, thallous salt (CHRIsTIE and MENzIEs), 2373. 
C,H;0, Heptodilactone (BENNETT), 1277. 
3-Methoxy-3-methylceyclopropane-1:2-dicarboxylic anhydride (Goss, Incoup, and 
THORPE), 468, 
Methyl hydrogen 3-methyl-A?-cyclopropene-1:2-dicarboxylate (Goss, INcoLp, and 
THORPE), 467. 
C,H,0, ay-Dialdehydopropane-88-dicarboxylic acid (PERKIN and Pink), 193. 
C,H,)0, «s-Dimethylcarboxysuccinic acid (INcoLD), 473. 
CHiN, 3-Amino-2:6-lutidine, and its hydrochloride (GULLAND and Rosinson), 
1495. 


C,H,,0 Methyl] ay-dimethoxyacetoacetate (PRATT and Rosrnson), 169. 

C,H;.0, 88-Dimethyl-a-ethylacrylic acid (Kon, Smiru, and Tuorps), 572. 
Ethylpentenoic acids (Kon and LrnsTEap), 621. 

C,H,,0, Diethyl malonate, addition of, to esters (WAYNE and CoHEN), 450. 


C,H,,0 -Butylvinylearbinol, resolution and rotation of (KENYON and SNELL- 
GROVE), 1177. 


C,H,;I Triethylcarbinyl iodide (Morcan, CARTER, and Duck), 1253, 


7 Ill 
7H;0,Br Bromohydroxybenzaldehydes (HopGson and BEARD), 878. 
7H;0,Li Lithium salicylaldehyde (+2H,0) (Srp¢wick and BREweEr), 2385. 
7H,0,Na Sodium salicylaldehyde (+2H,O) (Sip¢wick and Brewer), 2385. 


7H;0,N, Trinitrotoluene, equilibrium of naphthalene and, in nitrobenzene 
(Brown), 345. 


7H;0,N, Trinitroanisole, alcoholysis of (BRADY and Horton), 2230. 

7H,0,N, Nitrohydroxybenzaldoximes (Hopcson and Brarp), 879. 

7H,OBr 2-Bromo-m-cresol, preparation of (Hop@son and BEARD), 498. 
Phenacyl bromide, condensation reactions of (R. M. and J. N. RAy), 2721. 
7H,OT1 Thallous m-tolyloxide-(Curistiz and Mrnzigs), 2373. 

7H,0,N o0-Nitrotoluene, dielectric constant of (HARRIS), 1067. 

7H,0,N, Nitrobenzylamines, and their salts (HoumEs and Incoup), 1812. 
7H,ON 2-Amino-m-cresol, preparation of (HopGson and Brarp), 498. 

7H,O,N 3:4-Dihydroxybenzylamine (Jones and Pyman), 2596. 

7H0.Br Methyl 1-bromocyclopropane-1:2-dicarboxylate (INa@ and PrERKIN), 
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C,H,N.Cl 5-Chloro-2-methyl-p-phenylenediamine (KENNER, Top, and WITHAM), 
2347. 


C,H,,0,Cl, Di-8-chloroethyl malonate (BENNETT), 1278. 

C.H,,0,Br, Methyl aa’-dibromoglutarates (ING and PERKIN), 2393. 

C,H,,0,I, Methyl aa’-di-iodoglutarate (ING and PERKIN), 2393. 

C,H,,0ON, 2-Acetylamino-4:5-dimethylglyoxaline (BURTLES and PyMAN), 2016, 

C,H,,0,N, a-Ethylcrotonylcarbamides (NEWBERY), 300. 

C,H,.N.S 2-Ethylthiol-1:4-dimethylglyoxaline, salts of (BuRTLES, PYMAN, and 
RoyYLANce), 588. 

C,H,,0N Amides of ethylpentenoic acids (Kon and Linsrgap), 621. 

C,H,,0;I Methylglucoside 6-iodohydrin (OLDHAM), 2844. 

C,H,,0;N Methylglucoside 6-nitrate (OLDHAM), 2844. 

C,H,,0,N, Malonmonoisobutylamide (Wxst), 750. 

C,H,,0,N «-Aminopropionacetal (BuRTLES, PyMAN, and ROYLANCE), 586. 


71V 


C,H;,0,NCl, 2:3:4:6-Tetrachloro-3-nitrotoluene (SILBERRAD), 2683. 
C,H;O0,NBr, 4:6-Dibromo-3-hydroxybenzaldoxime (Hopeson and BEARD), 880. 
C,H;0,N,Cl 2-Chloro-5-nitrobenzaldoximes (Brapy and BisHop), 1361. 
C,H;0,C1,S 4-Chloroanisole-2-sulphonyl chloride (GAUNTLETT and SMILES), 2745. 
C,H;0,N,Cl 4-Chloro-2:3-dinitrotoluene (KENNER, Top, and WITHAM), 2348. 
C,H;0;N.Na Sodium dinitro-o-tolyl oxide (Gibson), 45. 
C,H,ONBr o-Bromo-8-benzaldoxime (BRADY, Cosson, and Roper), 2430. 
C,H,O.NBr Bromohydroxybenzaldoximes (HopGson and BEARD), 879. 
C,H,0.C1,S 2:5-Dichlorophenylmethylsulphone (MILLER and SMIzgs), 231. 
C,H,O;NCl 3-Chloro-2-nitrophenol methyl ether (Hopgson and Moors), 1601. 
C,H,O,NNa Sodium nitro-o-tolyl oxides (Gipson), 45. 
C,H,OCIS 4-Chloroanisole-2-mercaptan (GAUNTLETT and SMILES), 2746. 
C,H,O,N,Cl Chloronitrotoluidines (KzNNER, Top, and WITHAM), 2346. 
7H,0,CIS 4-Chlorophenylmethylsulphone (MILLER and SMILEs), 231. 
-H,0,Cl,Te 2-Hydroxy-1-methoxyphenyl-4-telluritrichloride (MorGaNn and 
Drew), 2314. 
H,0O,BrS_3- and 4-Bromophenylmethylsulphones (Twist and SMIvss), 1252. 
-H,O,C1S 4-Chloroanisole-2-sulphinic acid (GAUNTLETT and SMILES), 2746. 
7H,0,NS 3-Nitrophenylmethylsulphone (Twisr and SmIEs), 1250. 
7H,0,C1S, m-Chlorosulphonylphenylmethylsulphone (Twist and SMILES), 1251. 
H,BrIAs_ p-Bromophenylmethyliodoarsine (HunT and TURNER), 2670. 
7H,ONBr 4-Bromo-7-anisidine (GRIFFITH and Hops), 994. 
7H,,0,NC1 Ethyl chloronitromalonate (MacBEruH and TRAILL), 1121. 
7H,,0,N.Br, «8-Dibromo-a-ethylbutyrylearbamides (NEWBERY), 305. 
C,H,,0,N.Te 2:6-Dimethyleyclotelluropentane-3:5-dionedioxime (Morcan and 
TAYLOR), 799. 
C,H,,0,Cl,Te, Methylenebistelluriacetone dichloride (MorcGan and DREw), 537. 
EA aaats bs Tellurium di-n-propylketone trichloride (MorGAN and ELVINs), 


7 


~ 


Bs) 


(eorleKeyiore) lei’ 


C2 


C,H,;0,N,Br a-Bromo-a-ethylbutyrylcarbamide, action of alkalis on (NEWBERY), 
295. 


B-Bromo-a-ethylbutyrylcarbamide (NEWBERY), 305. 
Bromomalonmonoisobutylamide (West), 751. 
C,H,,0N,S 2-Methylamino-5-ethoxy-4-methyl-4:5-dihydrothiazole, and its salts 
(BuRTLES, PyMAN, and ROYLANCE), 586. 
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7V 

C,H,NCIBr,S Chlorobenzthiazole dibromide (HunvrER), 1488. 

C,H,ONCIBr o-3romo-a-benzaldoxime hydrochloride (Brapy, Cosson, and 
ROPER), 24380. 

C.H,O,CISNa 4-Chloroanisole-2-sulphonic acid, sodium salt (GauNTLETT and 
SMILES), 2745. ' 

C,H,;Cl,I,SHg Dichlorodipropylmethylsulphonium mercuri-iodide (BENNETT and 
Hock), 2675. 


C, Group. 


©,H,O, m-Aldehydophenyl carbonate, nitration of (Mason), 1195. 

C,H,0, Vanillin, thallous salt (CHrIsTIE and MEnzrus), 2373. 

C,H,0, Diacetyltartaric anhydride, mutarotation of (AUSTIN and Park), 1926. 

C;H,.0, Ethyl hydrogen 3-methyl-A?-cyclopropene-1:2-dicarboxylate (Goss, 
InGoLp, and THorpPE), 468. 

C,H,,0, Diacetyltartaric acid, rotatory dispersion of (AUSTIN and ParK), 1926. 

C;H,,N Phenylethylamine, condensation of s-dichloromethyl ether with (SHorRT), 
269. 


l-Phenylethylamine, aluminioxalate of (CHILD, Roperrs, and TurNER), 2972. 
C;H,,0, 3-Methyldipropionylmethane, and its copper salt (MoRGAN and TAYLOR), 
799. 


C,H,,0; Ethyl ay-dimethoxyacetoacetate (PRATT and Ropinson), 168. 
Ethyl 8-ethylearbonatopropionate (CHAPMAN and STEPHEN), 889. 
Acid, from sodium ethoxide and ethyl a-chloro-y-methylglutarate (Goss and 
INGOLD), 2779. 
C,H,,0, Trimethylarabonolactones (PRYDE, Hirst, and HumpPuHREys), 354. 
C,H,,0; Trimethyl y-arabinose (BAKER and HAaworrH), 368. 
8 Ill 
C,H;0,N Isatin, absorption spectra of (Morton and RocERs), 2698. 
C,H,0O,Br, 4:6-Dibromo-3-methoxybenzaldehyde (Hopeson and BEARD), 879. 
C,H,Cl,;AS a-Chlorostyryldichloroarsine (HunrT and Turner), 998. 
C;H,0,.N 1-Hydroxy-2:3-benzoxazine (GRIFFITHS and INGoLD), 1704. 
1-Hydroxyisoindole-2-oxide (GriFFITHS and INGoLD), 1706. 
C,H,O,Br 3-Bromo-2-hydroxy-5-methoxybenzaldehyde (RUBENSTEIN), 2001. 
Bromomethoxybenzoic acids (Hopeson and BEaArp), 880. 
C,H,O,Li Lithium methyl salicylate (+ 2H,O) (Stipewick and Brewer), 2384. 
C,H,O;N 3-Nitro-2-hydroxy-5-methoxybenzaldehyde (RUBENSTEIN), 2000. 
5-N pearance yy guetbory venzs gga ade (Rao, SRIKANTIA, and IYENGAR), 
557. 
C,;H,0,N,; Trinitrophenetole, alcoholysis of (Brapy and Horron), 2230. 
C,H,Cl,As Phenyl-8-chlorovinylchloroarsine (HuNT and TURNER), 997. 
C;H,0,Se Phenylselenoglycollic acid (MorGAN and Porritt), 1757. 
C,H,0,;N Phthalamic acid, ammonium salt (CHAPMAN and STEPHEN), 1793. 
C,H,0,N, 3-Nitro-4-methylbenzaldoximes (Brapy, Cosson, and Roper), 2432. 
C,H,OBr 2-Bromoanisic acid (GRIFFITH and Hops), 993. 
C;H,,0.N, 3-Amino-2:6-dimethylisonicotinic acid, and its salts (GuULLAND and 


Ropinson), 1494, 
Benzylmethylamines, nitro-, and their hydrochlorides (HoLMEs and INGoLp), 


1814. 
a-Hydroxybenzylcarbanide, and its salts (Woop and LiLizEy), 97. 


C;H,,0.S, m-Methylthiolphenylmethylsulphone (Twist and Smiizs), 1251. 
C;H,,0,N, 4-Nitro-2:5-dimethoxyaniline, hydrochloride of (RUBENSTEIN), 2004. 
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CsH,IAS p-Tolylmethyliodoarsine (Minus and Raver, 2481. 

C;H,,0N a-Hydroxybenzylmethylamine (Woop and LILLEy), 96. 

C,H,.0.Te 2:4:6-Trimethylcyclotelluropentane-3:5-dione (Moro ‘AN and TAYLOR), 
800. 

C,H,;0,C1 Methyl y-chloro-a-methylglutarate (INGoLD), 393. 

C;H,,0,Br Methyl y-bromo-a-methylglutarate (INGOLD), 393. 

C,H,;0,1 Methyl a-iodo-a-methylglutarate (INGOLD), 394. 

C;H,,0,Br, Ethyl ae-dibromopentane-y-carboxylate (MiLLs and BAINs), 2505. 

C,H,,0,.N, Malonmonoethylmonoisopropylamide (WEsT), 750. 

C;H,,0;N, Trimethoxyglutardiamide (Hirst and Roperrson), 362. 

C,H,,0,,N, 2:3:5-Trimethyl glucose 1:6-dinitrate (OLDHAM), 2841. 

C;H,,0,N a-Ethoxy-a-ethylbutyramide (NEWBERY), 307. 

C;H,,0.N a-Methylaminopropionacetal (BuRTLES, PyMAN, and RoYLANCE), 586. 

8 IV 


C,;H;O,;NBr, 4:5-Dibromophthalamic acid, and its ammonium salt (CHAPMAN 
and STEPHEN), 1794. 


C;H,O.N,S Nitrobenzyl thiocyanates (FoornER and SMILEs), 2890. 
C,H,0O,.BrSe p-Bromophenylselenoglycollic acid (Morcan and Porrirr), 1757. 


C,H,0.Br,Se p-Bromophenylselenogiycollic acid dibromide (MorGAN and Por- 
RITT), 1759. 


C,H,0.Br;Se p-Bromophenylselenoglycollic acid tetrabromide (Morcan and 
Porritt), 1759. 


C,H,0,BrSe  p-Bromophenylselenoxyglycollic acid (MorcAN and Pornir7), 
1758. 


C;H,ON.Br, Acetyl-2:4-dibromophenylhydrazine, and its hydrobromide (Hum- 
PHRIES and Evans), 1677. 
C,H,O.NBr 6-Bromo-3-methoxybenzaldoxime (Hopason and BEARD), 880. 
pete eNt 4-Chloro-6-nitro-m-tolyl methyl ether (KENNER, ToD, and WITHAM), 
348, 


C,H,O,NBr 5-Bromo-2-amino-4-methoxybenzoic acid, and its salts (GRIFFITH and 
Hope), 994 

C;H,ON,Br Acetyl-y-bromophenylhydrazine, and its hydrobromide (HUMPHRIES 
and Evans), 1676. 

C,H,OCI],Te p-Phenetyltelluritrichloride (MorGAN and Drew), 2311. 


C,H,0.Cl,Te  1:3-Dimethoxyphenyl-4-telluritrichloride (MorGAN and Drew), 
2312. 


C,H,0O;N,Cl 3-Nitro-4-methyl-8-benzaldoximehydrochloride (BRapy, Cosson, 
and ROPER), 2482. 
C;H,0,C1IS 4-Chloroanisole-2-methylsulphone (GAUNTLETT and SMILES), 2746. 


C;H,,ONCl1 5-Chloro-2-amino-4-methoxytoluene (HEILBRON, KITCHEN, PARKES, 
and SuttTon), 2175. 


C,H,,01,Te p-Anisylmethyltelluridi-iodide (MorGAN and Drew), 2315. 

C;H,,0.Cl.Te 2:4:6-Trimethylcycdotelluripentane-3:5-dione 1:1-dichloride (Mor- 
GAN and TAYLOR), 800. 

C,;H,,0,.NTe 2-Methyl-4-ethylcyclotelluropentane-3:5-dione monoxime (MORGAN 
and KELLETT), 2622. 

C,;H,,0.N.Te 2-Methyl-4-ethylcyclotelluropentane-3:5-dione dioxime (MORGAN 
and KELLETT), 2622. 

2:4:6-Trimethyleyclotelluropentane-3:5-dionedioxime (Morgan and TAyLor), 

800. 

C,H,,0.N.Br Bromomalonmonoethylmonoisopropylamide (Wxst), 752. 

C;H.1[.S,Cu, Dimethyldithiolethylene cuprous iodide (MorGAN, CARTER, and 
HARRISON), 1922. 
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C, Group. 
C,H.» 3:3-Diethylpentane (Morean, Carrer, and Duck), 1252, 
9.11 

C,H,O, 4-Aldehydo-1:2-phthalide (PERKIN and Stonk), 2290. 

C,H,O, 4-Carboxy-1:2-phthalide (PERKIN and Sronr), 2291. 
2:4-Dialdehydobenzoic acid (PERKIN and STONE), 2292. 

C,H,O; 2-Aldehydoterephthalic acid (PERKIN and Sronsg), 2294. 

C,H,O Cinnamaldehyde, action of, on Grignard reagents (MARSHALL), 2186, 

C,H,0, 4-Methyl-1:2-phthalide (PERKIN and STONE), 2285. 

C,H,0; Hydroxy-3:4-dihydrocoumarins (CHAPMAN and STEPHEN), 890, 
4-Hydroxymethyl-1:2-phthalide (PERKIN and STONE), 2287. 

C,H,0, 2-Hydroxymethylterephthalic acid (PERKIN and STonz), 2291. 

C,H,N; Aminophenylglyoxalines, and their salts (BALABAN and King), 2710. 

C,H,,0, 2:4-Dimethylbenzoic acid (PERKIN and Strong), 2283. 

C,H,,0; Ethyl acetoacetate, thallous salt (CHRISTIE and MEnzrss), 2372. 
Hydroxydimethylbenzoic acids (PERKIN and STONE), 2285. 
4-Methoxy-3-methylbenzoic acid (BrApy, Cosson, and Ropsr), 2431. 

C,H,,0, m-Aldehydophenyl ethyl carbonate, nitration of (Mason), 1195. 
2:4-Di(hydroxymethyl)benzoic acid (PERKIN and STONE), 2287. 
B-2:6-Dihydroxyphenylpropionic acid (CHAPMAN and STEPHEN), 891. 

C,H,.Br, «ay-Dibromo-8-phenylpropane (MILLs and Barns), 2505. 

C,H,,0, Benzyl hydroxyethyl ether (BENNETT), 1279. 


C,H,.0, Methyl ethyl 3-methyl- ari at Bd ep 1:2-dicarboxylate (Goss, INGoLD, 
and THORPE), 468. 


_Nonodilactone (BENNETT), 1278. 
C,H,,0, Acetylmethyleyclohexanone, beryllium salt (Morcan and Ens 
2624, 


a-Campholytic acid, structure of (CHANDRASENA, INGOLD, and THORPE), 1677. 


1-Methyleyclohexylidene-4-acetic acid, rotatory diabersion of (RicHARDS and 
Lowry), 238. 


C,H,,0; 1-Methylcyclohexan-3-one-l-acetic acid, and its silver salt (FARMER and 
Ross), 2365, 


Lactone, from A/stonia bark (Goopson and HEnry), 1647. 
C,H,,0; Acid, and its salts, from chenopodium oil (HENRY and Paget), 1653. 
C,H,,0, 3-Butylacetylacetones, and their salts (MorGAN and JonzEs), 2618, 

Diisobutyrylmethane, and its copper salt (MorGAN and Taytor), 803. 

Ethyl ethylpentenoates (Kon and LINSTEAD), 622. 

3-n- and -iso-Propylpropionylacetones (MoRGAN and Corsy), 2616. 
C,H,,0,; 8-/soValeryl-a-methylpropionic acid (JoNnEs and SmirH), 2536. 
C,H,,0, Ethyl 88-diethoxypropionate (INcoLpD), 1203. 
C,H,,0; Trimethyl y-methylarabinoside (BAKER and HAworrn), 367. 
C,H,,;0, Dimethyl methylglucoside (IRVINE and OLDHAM), 2920. 

Glycerolglucoside (GILCHRIST and Purvsgs), 2735. 

Trimethylglucose, synthesis of (IRVINE and OLDHAM), 2729. 

9 III 
C,H,OCl, 2:4-Di(trichloromethyl)benzoyl chloride (PERKIN and Sronz), 2295. 
C,H,0,Cl; 4-Trichloromethyl-1:2-phthalyl chloride (PERKIN and Sronsg), 2296. 
C,H,OCl, Pentachloro-2:4-dimethylbenzoyl chlorides (PERKIN and Srong), 2293, 
C,H,0,Cl, 2:4-Di(trichloromethyl)benzoic acid (PERKIN and Stone), 2296. 
C,H;,OCl, 2:4-Di(dichloromethyl)benzoyl chloride (PERKIN and STonz), 2291. 
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;0,Cl, 4-Dichloromethyl-1:2-chlorophthalide (PERKIN and STONE), 2292. 
,OCl, Trichlorodimethylbenzoy] chloride (PERKIN and STONE), 2289. 

0,Cl, 2:4-Di(dichloromethyl)benzoic acid (PERKIN and STonz), 2291. 
sN.Br, 2:5(2:4)-Dibromo-4(5)-phenylglyoxaline (ForsyrH and PyMan), 578. 
7ON Carbostyril, Aa ae ee spectra of (MorTON and RocErs), 2698. 

;0 2-Methylpyridine-3:4:6-tricarboxylic acid, thallous salt (CHRISTIE and 
‘Mauxzins), 2371. 


o © 


6 


© 


v=) 


OQ =-OO0O0O 0 
on SG eo ee 


i=) 


oH,;OBr, 2:4-Di(bromomethyl)benzoyl bromide (PERKIN and Sronzg), 2286. 
C,H,O,N o-Methoxybenzoyl cyanide (MARsH and STEPHEN), 1635. 
C,H,0,Cl 4-Chloromethyl-1:2-phthalide (PERKIN and Sronz), 2289. 
C,H,O.Br 4-Bromomethyl-1:2-phthalide (PERKIN and STONE), 2287, 
C,H,O,N Methylisatoic anhydride (HzILBRon, KircHEN, ParKEs, and SurTon), 

2171. 

C,H,O;N 2-Aldehydoterephthalic acid oxime (PERKIN and Strong), 2294. 
C,H,N.Br Bromophenylglyoxalines, and their salts (ForsytH and PyMAn), 576. 
C,H,OBr, Bromodimethylbenzoyl bromides (PERKIN and Stonz), 2284. 
C,H,0. Br, 2:4-Di(bromomethyl)benzoic acid (PERKIN and Sronz), 2286. 
C,H,0,N, Acetyl-o-nitro-8-benzaldoxime (Brapy and McHveu), 2423. 
C,H,O;N Dinitromethoxystyrene (C. K. and E. H. INGoup), 872. 
C,H,0O;N. 3-Nitro-2-acetylaminobenzoic acid (CHAPMAN and STEPHEN), 1795. 


C,H,0O,N., 38:5-Dinitro-o-tolyl acetate (Gipson), 46. 
_C,H,ON 4-Methoxy-3-methylbenzonitrile (BRADY, Cosson, and RopER), 2431, 
o- Machel aiihalimidine (GRIFFITHS and INGoLpD), 1708. 
C,H,OCl 2:4-Dimethylbenzoyl chloride, action of halogens on (PERKIN and 
STONE), 2275. 
C,H,O.N 6-Hydroxy-4-keto-1:2:3:4- -tetrahydroquinoline (CLEMO and PERKIN), 
2307. 
1-Methoxy-2:3-benzoxazine (GRIFFITHS and INGOLD), 1704. 
Methoxyztsoindole 2-oxide (GrirrirHs and InGoLp), 1708. 
N-Methoxyphthalimidine (Grirrirus and Incoup), 1707. 
C,H,0.Cl o-Acetoxybenzyl chloride (Gray), 1155. 
r-B-Chlorohydratropic acid, resolution of (McKEnziz and STRATHERN), 86. 
C,H,0.Bre Bromodimethylbenzoic acid (PERKIN and Sronz), 2284. 
B-Bromo-8-phenylpropionic acid, ammonium salt (SENTER and WARD), 1849. 
C,H,0,Br Bromo-2:5-dimethoxybenzaldehydes (RUBENSTEIN), 2001. 
C,H,0,N Nitro-o-tolyl acetates (GrBson), 46. 
C,H,O;N Nitro-2:5-dimethoxybenzaldehydes (RUBENSTEIN), 2000. 
3-Nitro-4-ethoxybenzoic acid (Kine and Murcn), 2645. 
Acid, and its salts from oxidation of ethoxylutidine (CoLLIz and BisHop), 963. 
C,H,.0.N. Methoxy-2-methyl-4-quinazolones (HEILBRON, KITCHEN, PARKEs, 
and Sutton), 2173. 
C,H,.0.N, Phthalaldehyde 1-oxime-2-semicarbazone (GRIFFITHS and INGOLD), 
1704. 


C,H,,0.Se p-Tolylselenoglycollic acid (MorcGAn and Porritt), 1758. 

C,H,,0,;Se p-Tolylselenoxyglycollic acid (MorGAN and Porritt), 1758. 

C,H,.0;N. Acid, and its silver salt from oxidation of nitroethoxylutidine (CoLLIEZ 
and BisHop), 968. 

C,H,,0;N. Trimethylene glycol mono-2:4-dinitrophenyl ether (FAIRBOURNE and 
FosTER), 2761. 

C,H,,ON MHydroxyhydrindamine, chlorobromomethanesulphonates (READ and 
iWicMATH), 1587. 

C,H,,0C1 Benzyl chloroethyl ether (BENNErT), 1280. 


3052 


FORMULA INDEX. . 9 II—10 II 


C,H,,0.N 4-Methoxy-3-methylbenzaldoximes (BRADY, Cosson, and Ropmr), 
2431. 


C,H,,0,Br 2:3-Dimethoxybenzyl bromide (HAWorTH and PERKIN), 1487. 
3:4-Dimethoxybenzyl bromide (HAWorrH, PERKIN, and RANKIN), 1445. 


C,H,,0.N, Methoxymethylanthranilamides (HEILBRON, KircHEN, PARKES, and 
SuTrTon), 2174. 


C,H,,0,N, Nitroethoxylutidine (CoLLiIz and BisHop), 962. 
C,H,,0,N 3-Amino-2:5-dimethoxybenzoic acid, and its hydrochloride (RusBEN- 
STEIN), 2002. 
C,H,,.0,Br, Methyl ethyl 2:3-dibromo-3-methylcyc/opropane-1:2-dicarboxylate 
_ (Goss, INcoLp, and THoRPE), 468. 
C,H,,ON, Aminoethoxylutidine, and its salts (CoLLIE and BisHop), 962. 
C,H,,0.Te 4-csoButyleyc/otelluropentane-3:5-dione (MoRGAN and JonEs), 2619. 
4-sec. -Butyleyclotelluropentane-3:5-dione (MorGAN and ELvins), 2623. 
2-Methyl-4-propylcyc/otelluropentane-3:5-diones (MorGAN and Corby), 2616, 
C,H,,0,Br, ay-Dibromo-88-dimethyl-a-ethylglutaric acids (Kon, SmirH, and 
: THORPE), 571. 
C.H,,0,N, Ethyl hydrazotricarboxylate (INcoLD and WEAVER), 381. 
-C,H,,0N, 5-Ethylhexenone semicarbazones (Kon and LinstEap), 818. 
-C,H,;0,.N, Malondicsopropylamide (Wxsrt), 750. 
-€,H,,ON a-csoPropyl-n-hexoamide (Jonus and PymAn), 2597. 
: 9IV 
-C,H;ONCl1, 2:4-Di(trichloromethyl)benzamide (PERKIN and STons), 2296. 
C,H,O,NBr, 4:5-Dibromo-2-acetylaminobenzoic acid (CHAPMAN and STEPHEN), 
1794. 


C,H,0O,N.Cl a-Acetyl-2-chloro-5-nitrobenzaldoxime (BRADY and BisuHop), 1361. 
C,H,O,NBr Acetyl-o-bromo-a-benzaldoxime (Brapy, Cosson, and Ropsr), 2429. 
C,H,OC1,Te Tellurium phenylethylketone trichloride (Morcan and ELvIns), 
2631. 


C,H,0O;,N.Cl Acetylchloronitrotoluidines (KENNER, Top, and WirHAM), 2346. 
C,H,.0.Br.Se p-Tolylselenoglycollic acid dibromide (MorcAN and Porrir'), 
1759. 


C,H;,0,Br,Se p-Tolylselenoglycollic acid tetrabromide (Morcan and Porrir7), 
1759. 


C,H,,01ITe p-Anisyldimethyltelluri-iodide (MorGAN and Drew), 2314. 
C,H,,0.Cl].Te 2-Methyl-4-propylcyc/otelluripentane-3:5-dione dichlorides (MoRGAN 
| and Corsy), 2616. 
C,H,,0.N.Br Bromomalondiisopropylamide (West), 751. 
C,H,.,0.C1,Te 4-csoButylcyclotelluripentane-3:5-dione 1:1-dichloride (Morcan 
and JONES), 2619. 


Ci. Group. 
C,,H; Naphthalene, equilibria of, in nitrobenzene solution (Brown), 345. 
C,.H,, Limonene, action of hydrogen peroxide on (Sworn), 16382. 
Sylvestrene, occurrence of (RAc and SrmonsEN), 2494. 
C.oH:3 Decahydronaphthalene, isomerism of (WIGHTMAN), 1421. 
10 II 
C,o9H,0, 1:2-Phthalide-4-acetic acid (PERKIN and STONE), 2288. 
C,oH,,0, Benzoylacetone, thallous salt (CHRISTIE and MENZIEs), 2372. 
C.oH1,0, Phenyl a-methoxy-B-hydroxyvinyl ketone (MALKIN and Rogrnson), 
1192. 


Co0H,.0, m-Meconine, preparation and nitration of (RAy and Ropinson), 1618. 
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C.ioH1,0, Meconines, synthesis of (EpDwArps, PERKIN, and Sroy.e), 195. 

C,,H,.0; 4-Ethylcarbonatobenzoic acid (Kinc and Murcu), 2649. 

CioHioN, 2-Phenyl-l-methylglyoxaline, and its salts (BALABAN and KING), 
2714. 


C,oHi,N 1:2-Dihydroquinaldine, synthesis of (MAson), 1032. 

C,oH,;,0 2:4-Dimethylacetophenone (PERKIN and STONE), 2283. 

C,.H,,0, Methyl 2:4-dimethylbenzoate (PERKIN and STONE), 2284, 

C,,H,,0,; Dimethoxyacetophenones (PRatTtT and Rosinson), 1184. 

C,oHi2.Br ay-Dibromo-f-phenyl-8-methylpropane (MILLS and Barns), 2504. 

C,.H:3;3Be 8-Bromo-a-phenyl-8-methylpropane (TROTMAN), 94. 

C,oH:1,0, Camphorquinone, rotation of (Lowry and OCurrsr), 614. 
B-Phenyl-8-methylpropane-ay-diol (MILLS and BaIns), 2503. 

C,oH,,0, 2-Carboxybicyclo-[4,1,0]heptane-1-acetic acid (BAKER), 989. 
A}-cycloHexene-1:2-diacetic acid (BAKER), 990. 

C,,H,,0; Anhydro-8-methylpimelic-8-acetic acid (FARMER and Ross), 2364. 
1:2-Dihydroxycyclohexane-1:2-diacetolactone (BAKER), 989. 

C,»HisN, Nicotine, rotation of (PATTERSON and FuLToN), 2489. 

C,»H:;Br 8-Bromo-a-phenyl-8-methylbutane (TRoTMAN), 91. 

C,oH1;AS p-Tolylmethylethylarsine (MILLS and RAPER), 2481. 


C,,.H,,0 Camphor, rotation of (Lowry and CuTTER), 612; rotation of halogen 
derivatives (CUTTER, BuRGEss, and Lowry), 1260. 


Tagetone (JonEs and SMITH), 2538. 
C,oH;.0. Diethyldihydroresorcinol (Kon and LinsTEAD), 819. 
1-2:2:4-Trimethyl-A*-cyclohexene-1-carboxylic acid (GiBson and SIMONSEN), 
1303. 
C,oH,,0; Ethyl acetylsuccinate, halogenation of (MACBETH and TRAILL), 1118. 
CioH:.0, B-Methylpimelic--acetic acid (FARMER and Ross), 2364. 


CioHicN, cycloPentylideneazine, action of hydrochloric acid on (PERKIN and 
PLANT), 1138. 


C,.H,,0 Borneol, rotation of (Lowry and Currsr), 614. 
yn-Dimethyl-A*-octen-e-one (JONES and SMITH), 2534. 


a- and B-Fenchyl alcohols, and their esters, rotatory powers of (KENYON and 
PRISTON), 1472. 


Substance, from reduction of tagetone (JONES and SMITH), 2538. 
C1oH,,0, d-sec.-Amylacety lacetone, and its copper salt (MorGAN and ELvins), 
2623. 


C,oH,,0, %soPropyl-n-butylmalonic acid (JonEs and PyMAn), 2597. 

C.oH:,0, Tetramethyl galactonolactone (PrypE, Hirst, and Humpureys), 352. 

C,.»H,,0, Methyl arabotrimethoxyglutarate (Hirst and RosBinson), 362. 

C,oH2.0 ‘yn-Dimethyl-Ac-octen-e-ol (JonEs and SmirH), 2535. 

C,9H..0, Trimethyl methylglucoside (IRVINE and OLDHAM), 2920. 

OEE 7-Menthylamine, aluminioxalate of (CuILp, RoBERTs, and TURNER), 
2972. 


C,,H.,0 ‘yn-Dimethyloctan-e-ol (JonEs and SmiTH), 2535. 
10 Ill 
C,.H.O,Cl, Methyl 2:4-di(trichloromethyl)benzoate (PERKIN and Sronk), 2296. 
C,,H,OT1 Thallous a-naphthoxide (CHRISTIE and MENZIEs), 2373. 
C,oH,0,N 4-Cyanomethyl-1:2-phthalide (PERKIN and Strong), 2288. 
a eee 2-Carboxy-4:5-methylenedioxyphenylacetonitrile (HAwonrTH and PINK), 


4:5-Methylenedioxyhomophthalimide (HAWorrTH and Pink), 1371. 
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C,,.H,0,Cl, Methyl 2:4-di(dichloromethyl)benzoate (PERKIN and Sronr), 2291. 
CioHsO6Ne Glyoxalinecarboxynitroanilides, and their salts (BALABAN and KrN@), 
2705. 


C,,H,0,N, §8-6-Nitropiperonylpropionitrile (BAKER and Ropinson), 1428. 

C,.H,NBr 2-Bromo-6-methylquinoline, and its salts (CoNoLLY), 2085. 

C,.H,0,N 8-Piperonylpropionitrile (BAKER and Rosinson), 1424. 

C,,H,0,N, 2-p-Nitrophenyl-1-methylglyoxaline, and its salts (BALABAN and 
KING), 2710. 

C1oH,O,Li Lithium benzoylacetone (+ 2H,0)(Stpawick and Brewer), 2383. 

C,,.H,O,Na Sodium benzoylacetone (+ 2H,O) (Srpewick and BrewzEr), 2383. 

C1oH05N Methoxyacetanthranils (HzILBRON, KircHENn, PaRKss, and Surron), 
2173. 


1:2-Phthalide-4-acetamide (PERKIN and STONE), 2288. 
Ci.H,O.N Acetyl-3:4-methylenedioxy-a-benzaldoxime (Brapy and McHucn), 
2422. 


Methoxymethylisatoic anhydrides (HEILBRON, KITCHEN, PARKEs, and Surron), 


C,,H,0,Br 6-Bromo-4:5-dimethoxyphthalide (RAy and Roprnson), 1622. 

CioH,O;N 4:5-Methylenedioxyhomophthamic acid (HAWoRTH and Prnx), 1371. 

C,.H,O,N 6-Nitro-4:5-dimethoxyphthalide (RAY and Rosinson), 1621. 
B-6-Nitropiperonylpropionic acid (BAKER and Rosrnson), 1428. 

Ci.H,O,N 3-Nitro-4-ethylcarbonatobenzoic acid (K1n@ and Murcn), 2649. 


C,,H,N,Br 5-Bromo-4-phenyl-1-methylglyoxaline, and its picrate (ForsyTH and 
PyMan), 576. 


1:4-Di-p-bromopheny1-3:6-diphenyl-1:4-dihydro-1:2:4:5-tetrazine (CHATTAWAY 
and WALKER), 982. 
C,.H,N,Br p-Bromobenzeneazomethylglyoxalines (BURTLES and PyMAN), 2016. 
C,.H,Cl,AS Phenyl-f’-dichlorodivinylarsine (Hunt and TuRNER), 997. 


CioH1,0N, Glyoxalinecarboxyaminoanilides, and their salts (BALABAN and 
PyMAN), 2706. 


C1oH1.0,Br, Methyl 2:4-di(bromomethy]l)benzoate (PERKIN and STong), 2287. 
CioHi00,N. Acetyl-3-nitro-4-methyl-a-benzaldoxime (BRApDy, Cosson, and Roper), 
2432, 


CioHi0,N, Glycerol a-mono-3:5-dinitrobenzoate (FAIRBOURNE and FosTEr), 2763. 

CioHioN.S 2-Thiol-1-phenyl-4-methylglyoxaline (BurTLES, Pyman, and Roy- 
LANCE), 589. 

C1)H1,0N 4-Ketomethyl-1:2:3:4-tetrahydroquinolines (CLEMO and PERKIN), 2303. 

C1oH1,0,N 6-Methoxy-4-keto-1:2:3:4-tetrahydroquinoline (CLEMO and PERKIN), 


ahi atik Methyl bromodimethylbenzoates (PERKIN and STONE), 2285. 
CioH1,0,N 6-Amino-4:5-dimethoxyphthalide (RAy and Rosrnson), 1622. 


CioH1,0;N 5-Nitro-4-methoxy-2-ethoxybenzaldehyde (Rao, SRIKANTIA, and 
IYENGAR), 559. 


6-Nitro-3-methoxy-2-ethoxybenzaldehyde (RUBENSTEIN), 2269. 
C,oH,1,0,N 6-Nitro-3-methoxy-2-ethoxybenzoic acid (RUBENSTEIN), 2269. 
C10H,,02N. Malonmonomethylmonophenylamide (WxsT), 750. 
Ci9Hi,0,N, Acetonitrobenzylmethylamides (HoLMEs and INGoLD), 1818. 
C10H,.0;N2 4-Nitro-2:5-dimethoxyacetanilide (RUBENSTEIN), 2003. 


C1oH,,0;S d-a-p-Toluenesulphonoxypropionic acid, rotatory power and reactions 
of (Kenyon, PHILLIPs, and TURLEY), 412. 


CioH:30N Acetomethylbenzylamide (HoLMEs and INnGoLp), 1818. 
CioHi30C1 a-Chloro-y-hydroxy-B-phenyl-8-methylpropane (Mitts and Barns), 
2504. 
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CioH,;0Br a-Bromo-y-hydroxy-8-phenyl-8-methylpropane (Minus and Barns), 
2504. 


C,oH,;0,N +-Piperonylpropylamine, and its hydrochloride (BAKER and Rosrn- 
SON), 1428. 

C,oH,;0,Br 8-Bromocamphorquinone (BurcEss and Lowry), 277. 

C19Hi303N, 8-3-Carbethoxyphenylsemicarbazide, and its hydrochloride (W1Lson 
and CrAWFoRD), 107. 

CioH1;0.Br Ethyl 2-bromo-A}l-cyclohexeneacetate (BAKER), 988. 

C1oH1;0;Cl Ethyl a-chloroacetylsuccinate (MAcBETH and TraILz), 1120. 

C,oHi,0.Br, Ethyl 1:2-dibromocyclohexane-l-acetate (BAKER), 988. 

CioHieO2Te  4-sec.-Amylcyclotelluropentane-3:5-dione (MorcGAN and ELVINs), 
2624, 


CioH,,O0N Tagetone oxime (JonzEs and Situ), 2538. 
CioH;,ON; a-Methyl-A'-cyclopentenylacetone semicarbazone (Kon and LinsTRAD), 
821. 


CioH1,0,N d-2:2:4-Trimethyleyc/ohexan-3-one-1-carboxylic acid oxime (GIBson 
and SIMONSEN), 1298. 

C,o9H,,0,N, 1-Methylcyclohexan-3-one-l-acetic acid semicarbazone (FARMER and 
Koss), 2365. 

CioH;,0,C1 Ethyl y-chloro-a-methylglutarate (INcoLp), 394. 

C,oH1,0,Br Ethyl y-bromo-a-methylglutarate (INGoLD), 393. 

CioH;,0,I Ethyl a-iodo-a-methylglutarate (INcoLD), 394. 

CioH,,0N yn-Dimethyl-A-octen-e-one oxime (Jones and Smiru), 2535. 

n- and iso-Menthoneoximes (READ and Coox), 2786. 

C,oH1,0;N, 8-tsoValeryl-a-methylpropionic acid semicarbazone (Jones and 
SMITH), 2536. 

C,oHi,0;,N Trimethyl methylglucoside 6-mononitrate (OLDHAM), 2841. 

C1 oH2 90,8, Menthanedisulphonic acid, barium salt (KotkER and LAPWORTH), 
314, 


CioH2,0N yn-Dimethyloctan-e-one oxime (JonEs and Smiru), 2535. 
C,oH2i0,N Tetramethyl galactonamide (PRyprE, Hirst, and HUMPHREYs), 353. 


10 IV 
C,9H;O.IS Naphthalene-2-sulphonyl iodide (Gipson, Mitiur, and SMILEs), 
1823. 


C,oH,O;BrS 4-Bromo-2-carboxy-5-methoxyphenylthiolacetic acid (Grirrrra and 
Hops), 994. 

CioH,O.N,AS_ Glyoxalinecarboxy-p-amino-3-nitrophenylarsinic acid, (++H,O) and 
its salts (BALABAN and Kinw), 2708. 

C,,H;,0.N.Br, Bromomalonmonomethy]mono-p-bromophenylamide (West), 751. 


C;oH,.0,NBr 5-Bromo-2-acetylamino-4-methoxybenzoic acid (GRIFFITH and 
Hope), 993. 


C,oH:00,N;AS Glyoxalinecarboxy-p-aminophenylarsinie acid, (+H,O) and its 
salts (BALABAN and Kin@), 2708. 


C,oHi,0C1,;Te Tellurium pheny]-n-propylketone trichloride (Moran and ELvVINs), 
2631. 


C,oH1,0.N,Br Bromomalonmono-p-tolylamide (West), 752. 
C,oH1,0,N,AsS Glyoxalinecarboxy-p-amino-3-aminophenylarsinic acid, (+4H,0) 
and its salts (BALABAN and Krna), 2709. 


CioHi202.NC1 5-Chloro-2-acetylamino-4-methoxytoluene (HEILBRON, KircHen, 
PARKES, and Surron), 2175. 


C,.H,,0,NBr 5-Bromo-2-acetylamino-p-toly] methyl ether (GRIFFITH and Horr), 
992. 


CioHy2O,NBr 4-Bromo-2:5-dimethoxyacetanilide (RUBENSTEIN), 2003, 
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C1.Hy20,NAs 3-Acetylamino-4-acetoxyphenylarsinic acid (Kine and Murcn), 
651, 
C1oH1;0NS isoPropyl phenylthiocarbamate (Brac and Norris), 904, 
C1oH,30.NS isoPropyl mercaptan p-nitrobenzyl ether (Birow and Norris), 904. 
C1 oH,30.SAS p-Carboxyphenylmethylethylarsine sulphides, and their salts (MILLS 
and RAPER), 2481. 
CioHi30,NS  d-a-p-Toluencsulphonoxypropionamide (KENyoN, PHILLIPS, and 
TURLEY), 412. 
CioH,;0,SBr 8-Bromocamphor-a-sulphonic acid, and its salts (BURGESS and 
owrky), 271. 


~CyoH,0.Cl,Te 4-sec.-Amyleyclotelluripentane-3:5-dione dichloride (Morgan and 


ELVINS), 2624. 
C,oH:,0,01,Te Tellurium bismethylpropylketone dichlorides (Morcan and 
ELVINS), 2628. 
10 V 
C1oH,,0,01BrS a-Bromocamphor-7-chlorosulphoxide (BuRGEss and Lowry), 282. 
CasnOsC1BES 8-Bromocamphor-a-sulphonyl chloride (BurcEss and Lowry), 


C,.H:;0;NBr.S a’8-Dibromocamphor-a-sulphonamide (BURGESS and Lowry), 
277. 


C,.H;,O;NBrS 8-Bromocamphor-a-sulphonamide (BURGESS and Lowry), 275. 
CioHi20,NBrS Acetyl-8-bromocamphor-a-sulphonamide (BurcEss and Lowry), 
276. 


C,, Group. 


C,,H,0; Piperonylsuccinic anhydride (BAKER and LApwortH), 566. 
C,,H,,0, 7-Acetoxy-3:4-dihydrocoumarin (CHAPMAN and STEPHEN), 890. 
Anisylsuccinic anhydride (BAKER and LarworrH), 566. 
Cris 3-Methoxy-5:7-dihydroxy-2-methylchromone (KALFF and Roptnson), 
1972. 


C,,H,,.0, 2-Hydroxystyryl ethyl ketone (McGookIn and SINCLAIR), 2542, 

C,,Hi.0; Anisylsuccinic acid (BAKER and LAvwortnH), 565. 

C,,H,.0, Vanillylsuccinic acid (BAKER and LAPWoRTH), 564. 

C1,H,,0, At-cycloHexene-1-acetic-2-malonic acid (BAKER), 988. 

C,,H,,0, 8-Phenyl-y-methylbutylene By-glycol, synthesis of (RoGER), 522. 

C,,H,,0, 2:3-Dimethoxybenzaldehyde dimethylacetal (Haworru and PERKIN), 

- 1437. 
Acetyl derivative of lactone CyH,,03 (GooDsoNn and Henry), 1648. 

C,1Hi,0, Methyl ].2:2:4-trimethyl-A®-cyclohexene-l-carboxylate (GIBSON and 
SIMONSEN), 1802. 

C.:Hi,0, Ethyl 1-methylcyclohexan-3-one-l-acetate (FARMER and Ross), 2365. 

C.:Hi,0; Methyl d-2:2:4-trimethyleyclohexan-8-one-l-carboxylate (GiBsoN and 
SIMONSEN), 1299. 

C,,Hi,0; Ethyl a-keto-B8-dimethylglutarate (ROTHSTEIN, STEVENSON, and 
THORPE), 1079. 

C,1,His0¢ aa’-Dihydroxycycloheptane-1:1-diacetic acid, and its silver salt (BAKER), 
1681. 

C,,HisN2 cycloHexylidenecyclopentylideneazine (PERKIN and PLANT), 1141. 

C,,H..0, 2-Octoylacetone, and its copper salt (Morgan and Houmrs), 2892. 

C::H»O; Methyl trans-d-3-hydroxy-2:2:4-trimethyleyclohexane-1-carboxylate (GIR; 
soN and SIMONSEN), 1302. 

Ethyl dsovaleryl-a-methylpropionate (JoNES and Smiti), 2536., 
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11 III | 
C,,H,0,N a-Carbethoxy-y-hydroxy-y-phenyl-A8-propenecarboxylamide (R. M. and 
J. Noi Ray); 2722; 
C,,H,,0,Br, aa’-Dibromo-8-phenylglutaric acid (HAERDI and THORPE), 1242. 
C.1H,,ON 4-Methoxy-6-methylquinoline (CLEmo and Perkrn), 2305. 


C1,Hi,0,N, 3-dsoPropylideneaminotetrahydroquinazoline-2:4-dione (Witson and 
CRAWFORD), 109. 


C,,H,,0,N 2-Carboxy-4:5-dimethoxyphenylacetonitrile(Hawortn and PINK), 1370. 
4:5-Dimethoxyhomophthalimide (HAworTH and Pink), 1370. . 
C,,H,,0,Br o-Bromobenzylidene diacetate (BRADY, Cosson, and Roper), 2429, 


C,,H:,N,Br 2-p- Bromobenzeneazo-4:5-dimethylglyoxaline, and its hydrochloride 
(BuRTLES and Pyman), 2014. 


C,:H:,0,N, Methoxydimethyl-4-quinazolones (Hzrnpron, KrrcuEn, PARKES, and 
Sutron), 2173. 


Ci:H1,0;N, Succin-2-nitro-p-toluidic acid (BRADY, Quick, and WELLING), 2267. 


C,Hi20,N, Acetyl derivative of trimethylene glycol monodinitropkenyl ether 
(FAIRBOURNE and FostrEr), 2762. 


C1,Hi.N,S 2-Ethylthiol-1-phenylglyoxaline, picrate of (BuRTLES, PYyMAN, and 
ROYLANCE), 590. 


C.,H,,0N, p-Tolueneazoallylformaldoxime (WALKER), 1862. 

Ci:H,;0.N Diacetylbenzylamine (HotmEs and INGoLp), 1820. 
6-Ethoxy-4-keto-1:2:3:4-tetrahydroquinoline (CLEMo and PERKIN), 2306, 
8-Veratrylpropionitrile (BAKER and Rosrnson), 1433. 


C,,Hi;0;N Acetyl-4-methoxy-3-methyl-a-benzaldoxime (BRADY, Cosson, and 
Roper), 2431. 


C,1Hi,;0,N Carbethoxymethylanthranilic acid (HEILBRON, KiTcHEN, PARKEs, and 
Sutton), 2171. 


5-Nitro-4-allylveratrole (Lions, PERKIN, and RoBINSoN), 1167. 
C,,H,,0;N 4:5-Dimethoxyhomophthalamic acid (HAwortH and Pink), 1370. 
Nitro-2:3-diethoxybenzaldehydes (RUBENSTEIN), 2269. 
Ci1H1:00N Methyl 2-cyanocyclobutane-1:2:3-tricarboxylate (ING and PERKIN), 
2396. 


C,,H,,0.N 6:7-Dimethoxy-1:2:3:4-tetrahydrozsoquinoline, and its hydrochloride 
(ForsytH, KELiy, and Pyman), 1666. 


C,,H,,0,N, Malonmonoethylmonophenylamide (West), 750. 
Malonmonomethylmono-p-tolylamide (West), 751. 

C,,H,;0,.N Acetonitropentose (OLDHAM), 2845, 

C11H160.No neoPilocarpines, and their salts (BURTLEs, PyMAN, and Roynancr), 


C,,H,,ON; Base, and its salts, from chenopodium oil (Henry and PAGET), 1656, 
C,,H,,0,N Ethyl as-dimethyleyanosuccinate, preparation and stability of (INcop), 
472. 


C,,H,,0.Te 2-n-Hexyleyclotelluropentane-3:5-dione (Morcan and Tayzor), 805. 
C,,H,,0N; a-Ethyl-At-cyclopentenylacetone semicarbazone (Kon and Lrysreap), 
821. 


C.iH,,0;N Methyl d-2:2:4-trimethylcyclohexan-8-one-1-carboxylate oxime (GIBSON 
and SIMONSEN), 1299. 
C,,H20N; yn-Dimethyl-Aa-octen-e-one semicarbazone (JonEs and Smirw), 2535. 
dl-Menthonesemicarbazones (READ and Coox), 2787. 
C,,H,,;0N; yn-Dimethyloctan-e-one semicarbazone (JoNES and Smirn), 2535, 
aca eee and its hydrochloride (W1tson and CRAWFoRD), 
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: 11 IV 

~€,,H,ONS a-Thiocyanostyryl methyl ketone (CHALLENGER and Bort), 1040. 
C,,H,,0;NI, Thyroxin, relation of, to tryptophan (Hicks), 771. 

C,,H,.0.N.Br, Bromomalonmonoethylmono-p-bromophenylamide (West), 751. 
pas sONS Substance, from carvone and thiocyanogen (HAL LNBES and Bort), 


C,,H,,0,N.Br Bromomalonmonomethylmono-p- iene (West), 751, 


C,,H,,ON.S 2-Anilino-5-ethoxy-4:5-dihydrothiazole (BurTLEs, Pyman, and 
ROYLANCE), 590. 


~€,,H,,ONS isoButyl phenylthiocarbamate (BircH and Norris), 905. 


—~€,,H,,0.C1.Te 2-n-Hexyleyclotelluripentane-3:5-dione 1:1-dichloride (MoRGAN 
and TAYLOR), 804. 


C,,H..O,NBr 4-Carboxybispiperidinium-1:1’-spiran bromide, and its picrate 
(Mixts and Barns), 2506. 
SLA 


C,,H,ONBr.S a-Thiocyanostyryl methyl ketone dibromide (CHALLENGER and 
Bort), 1041. 


C,, Group. 

C,,H,,0, Carboxyphenylparaconic acid (HAERDI aud THORPE), 1246, 

C,.H,)N, 3-Methyl-3-isocarboline (ARMIT and RosInson), 1612. 

C,.H,,0, 3-Benzylacetylacetone, and its salts (MorGan and Taytor), 801. 
2-Hydroxystyryl n-propyl ketone (McGookINn and SINCLAIR), 2542. 
B-Phenylpropionylacetone, copper salt (MorGAN and JoNEs), 2619. 

C,.H,,0, 3-Methoxy-4-hydroxystyryl ethyl ketone (McGooKIN and SINcLAIR), 2543. 

C,.H,,N, 1-Anilino-1-cyanocyclopentane (PLANT and Facer), 20388. 

C,.H,,0, Benzoyl dimethyl glycerol (Gitcurist and PURVES), 2748. 

Ethyl! ethane-1I[1-1-methyleyclohexa-3:5-dione-2-carboxylate (FARMER and 
Ross), 2366. 
C,,H,,0; :3:4:5-Tetramethoxyacetophenone (PRATT and Ropinson), 173. 
C,,H,,0, Dextrin triacetate (IRVINE and OLDHAM), 2915. 
Methyl cyclobutane-1:2:2:3-tetracarboxylate (ING and PERKIN), 2395. 


C,.H,,0, Ethyl hydrogen _1-methylcyc/ohexan-3-one-4-carboxyiate-3-acetate 
(FARMER and Ross), 2366. 


cycloHeptanespiro-1-methoxycyclopropane-1:2-dicarboxylic acid (BAKER), 1680. 
C,,H..0; Ethyl methoxycaronate (ROTHSTEIN, STEVENSON, and THORPE), 1079. 


C,,H;,0, Tetramethylglucose, mutarotation of, in various solvents (Lowry and 
RicHARDs), 1385. 


Ci:H..N2 cycloHexylideneazine, action of hydrochloric acid on (PERKIN and 
PLANT), 1138. 

C,,H,,0, 3-sec.-Amyldipropionylmethane (Mor@AN and ELvINs), 2624. 

C,,H.,0, m-Nonoylacetone, and its copper salt (Morcan and Hoimss), 2893. 

C,,H..0, J-Menthyl glycollate (RULE and Smirg), 2191. 

C,.H2.0; Diethyl a-keto-68-dimethylpentane-ay-dicarboxylate (ROTHSTEIN, 
STEVENSON, and THORPE), 1077. 

Ethyl ester of acid, C,H,,0, (Goss and INGoLpD), 2779. 

C,.H2.0, Ethyl phenylcyclopropanetricarboxylate (HAERDI and THorPE), 1246. 

C.2H2,0. Laurie acid, potassium salt, effect of potassium chloride on solutions of 
(Quick), 1401. 

12 III 


C.2H,ClAS 00’-Diphenylylenearsenious chloride (AESCHLIMANN, LrEs, McC.3- 
on hi and NIcCKLIN), 68. 
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12 IJI—12 IV FORMULA INDEX. 


C,.H,C],As Di-p-chlorophenylchloroarsine (Hunt and TurN»ER), 2671. 

C,,H,O.As 00’-Diphenylylenearsinic acid (AESCHLIMANN, Lets, McCLELAND, and 
NIcKLIN), 68. 

C,,.H,O,As Diphenylyl-o-arsinic acid (AESCHLIMANN, Legs, McOLELAND, and 
NIcKuIn), 68. 

C,,H,,0.Se a-Naphthylselenoglycollic acid (MorGAN and Porritt), 1758. 

Cy2Hi.N2S; 4:4’-Diaminodiphenyl trisulphide, and its hydrochloride (HopGson 
and WILson), 443. 

C,2H110,N a-Cyano-8-veratrylacrylic acid (BAKER and Rosinson), 1482. 

Ci2Hi,0,Br Methyl hydrogen 1-bromo-3-phenyleyclopropane-1:2-dicarboxylate 
(HaERDI and THORPE), 1244. 

C,2H,,0,AsS o0-Phenoxyphenylarsinic acid (TurNER and SHEPPARD), 546. 

C:,H,,0;N, Pyridine 3:5-dinitro-o-toly] oxide (Gipson), 45. | 

C,2H,.0.N. Ethyl 4(5)-phenylglyoxaline-5(4)-carboxylate (ForsyrH and Pyman), 
580, 


Methyl 3-amino-2-methylcinchoninate (GULLAND and RosBInson), 1497. 
C,.H;.0,Te 2-Benzylcyclotelluropentane-3:5-dione (MorcAN and JonzEs), 2620, 
4-Benzyleyclotelluropentane-3:5-dione (MorGAn and Taynor), 801. 
C,2Hi20;N, 6:7-Dimethoxy isoquinoline-1-carboxylamide (HawonrrTH and PERKIN), 
1442. 


C,.H;,;0N y-Indoxylspirocyclopentane, alkali salts of (SIpGwick and PLANT), 209. 

C,.H,,0,;N Carbethoxy-a-cinnamaldoxime (Brapy and McHvuau), 2426. 

C,2H:;0,N a-Cyano-8-veratrylpropionic acid (BAKER and Rosrnson), 1433. 

Ci2H,,0,N, 1-Anilinocyclopentane-1-carboxynitrosoamine (PLANT and FAcER), 
2039. 


C,.H,;0.N 1-Anilinocyclopentane-1-carboxylic acid (PLANT and FAcEr), 2039. 

Ci2H,;0.N, Nitrosoamine of 1-anilinocyclopentane-1-carboxylamide (PLANT and 
T’acER), 2039 

C.2H1;0,Br a-Bromo-y-acetoxy-8-phenyl-8-methylpropane (Mimts and Barns), 
2505. 


Ci2H,;0,N Acetylpiperonylpropylamine (BAKER and Rosrnson), 1429. 

Ci2H;,ON, 1-Anilinocyclopentane-1-carboxylamide (PLANT and FacEr), 2039. 

Ci2H160.N. Malonmonoethylmono-p-tolylamide (Wxst), 751. 

C,:H,,0,Br Bromoacetoxydihydro-p-cymene (Henry and Pacer), 1658. 

C,.H;,0.N. Ethylenediaminobisacetylacetone, diaquocobalt salt (MorGANn and 
SMITH), 2034. 

CH, s0;N. Diphenylcarbamy]-7-methoxy-8-benzaldoxime (BRADY and McHueu), 

426. 


C,2H2.0.Te 2-2-Heptyleyclotelluropentane-3:5-dione (MorGAn and TAyLor), 805. 


C,2H2,0,N, Ethyl 1-methyleyclohexan-3-one-1-acetate semicarbazone (FARMER and 
Ross), 2365. 


Methyl d-2:2:4-trimethy]leyclohexan-3-one-1-carboxylate semicarbazones (GIBSON 
and SIMONSEN), 1300. 


C1:H.,0.N N-Methylol-A»-undecenoamide (Jonrs and PyMAN), 2598. 


12 IV 
C,,H,OCI,As Dichlorophenoxarsines (RopERtTs and TURNER), 2010. 
C,,H,OC1As 6-Chlorophenoxarsine (TURNER and SHEPPARD), 544. 
C,,H,0C1],As Chlorophenoxyphenyldichloroarsines (RoBERTS and TURNER), 2009. 
C,2Hs0;NCl Chloronitrodipheny] ethers (Rosrrts and TURNER), 2008. 
C,,H,0,CIAs Chlorophenoxarsinic acids (RoBERTs and TURNER), 2010. 
Ci2H,,ONC1 Chloroaminodipheny] ethers, and their hydrochlorides (RoBERTS and 

TURNER), 2008. 
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FORMULA INDEX. 12 IV—13 II 


C,,H,.0,ClAs Chlorophenoxyphenylarsinic acids (RopERTS and TURNER), 2009. 


~C,2H;,0;N,S Ethyl 2-thiol-4(5)-phenylglyoxaline-5(4)-carboxylate (ForsyrH and 


PyMAN), 579. 


C,,H,.0.Cl,Te 4-Benzyleyclotelluripentane-3:5-dione 1:1-dichloride (MorGAN and 
TAYLOR), 801. 


C,,H,,0,NI 6:7-Dimethoxyisoquinoline methiodide (ForsyrH, Kerniy, and 
PYMAN), 1666. 


C,.H,,0.N.Te 4-Benzyleyclotelluropentane-3:5-dionedioxime (Morcan and 
TAYLOR), 801. 


C,.H,,0.N.Br Bromomalonmonoethylmono-p-tolylamide (Wxst), 751. 

C,.H,,ON.S 2-Anilino-5-ethoxy-4-methyl-4:5-dihydrothiazole, picrate of (BURTLES, 
PYMAN, and RoYLANnce), 589. 

C,2H2.0.01,Te  2-n-Heptylcyclotelluripentane-3:5-dione 1:1-dichloride (MorGAN 
and TAYLOR), 805. 


~C,2H2,0201;Te Tellurium »-nonylacetone trichloride (MornGan and Taytor), 806. 


C,.H220.Cl,Te Tellurium bismethylbutylketone dichlorides (Morcan and 
ELVINs), 2629. 
Tellurium bispinavolin dichloride (Morcan and Extvins), 2630. 


C,.H,,0;N,Co Diamminoethylene diaminobisacetonecobaltic hydroxide, salts of 
(MorGAN and SMITH), 2034. 


C,,H3.C1,Sb,Pd  Tetrakistrimethylstibinepalladous chloride (Morcan and 
YARSLEY), 190. 


12 V 


C,,H,.0,C1,Br.S, 2:5-Dibromopheny] 2:5-dichlorobenzenethiolsulphonate (MILLER 
and SMILEs), 230. 


2:5-Dichlorophenyl 2:5-dibromobenzenethiolsulphonate (MILLER and SmIzEs), 
230. 


C,.H,O,NC1,S, 2:5-Dichlorophenyl 2-nitrobenzenethiolsulphonate (MILLER and 


SMILES), 230. 
2-Nitrophenyl 2:5-dichlorobenzenethiolsulphonate (MILLER and SMILEs), 229. 


~Ci,H,0,NCIS, 2-Nitrophenyl 4-chlorobenzenethiolsulphonate (MILLER and 


: 


| 


SMILES), 229. 


C,.H;,Cl,SbPtPd Tetrakistrimethylstibineplatinous palladochloride (MorGAN and 


YARSLEY), 189. 


C,; Group. 


~C,;H,,As Diphenylylenemethylarsine (AuscHLIMANN, Lees, McCLELAND, and 


NICKLIN), 69. 


~C,;H;,0, Acetovanillylsuccinic anhydride (BAKER and LApworry), 565. 


a-Carbethoxy-y-hydroxy-y-phenyl-A8-propenecarboxylactone (R. M. and J. N. 
RAy), 2722. 


Ethyl 4-hydroxymethyl-1:2-phthalideoxalate (PERKIN and Sronz), 2287. 
C,;H;.0, 2:436-Triacetoxybenzaldehyde (+-4H,O) (Prarr and Rosrnson), 1184. 
C,;H,;N Benzylaniline, reactions of antimony halides with (VANSTONE), 552, 


C,;H,,0; 2-Ethoxy-3-phenyleyclopropane-1:2-dicarboxylic acid, and its silver salt 
(HAERDI and THorps), 1242. 


C,;H,,02. 3-Benzylpropionylacetone, and its copper salt (MorGAN and Corsy}, 
2618. 


C,;H,.0; 3-Methoxy-4-hydroxystyryl n-propyl ketone (McGooxIN and SINcLAIR), 
25438. 


~C,3H2.0, 8-Phenyl-y-ethylamylene By-glycol (RogER), 523. 


13H2.0, y5-Dicarbethoxy-y-hydroxy-88-dimethylbutane-a-carboxylactone (Roru- 
STEIN, STEVENSON, and THorPE), 1080. 
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13 II—18 III FORMULA INDEX. 


C,3H2,0, Triacetyl methylglucoside (OLDHAM), 2844. 

C,,;H..0, ?-Menthyl hydrogen malonate (RuLE and Situ), 2192. 

C,3H22.0, Ethyl ws-dimethylcarboxysuccinate (INGOLD), 473. 

C,3;H.,0; /-Menthyl methoxyacetate (RULE and Smit), 2191. 

Ci3H.,0, Ethyl §8’-dimethoxydiethylmalonate (BENNETT), 1279. 

13 III 

C,;H,0,N; Picrylnitrobenzsynaldoximes (BRADY and KLEIN), 846. 

C,3H,0,N, Picrylbenzsynaldoxime (BRADY and KLEIN), 846. 

C.;3H,N2Cl, Benzaldehydeietrachlorophenylhydrazone (HUMPHRIES, HUMBLE, and 
EvANs), 1307. 

C,;3H,NAS 00’-Diphenylylenearsenious cyanide (AESCHLIMANN, Lezs, McCLeE- 
LAND, and NICKLIN), 69. 

Ci3H,N2Cl,; Benzaldehyde-p-chlorophenylhydrazone (HumMpHRIES, HUMBLE, and 
Evans), 1306. 

Chlorobenzaldehyde-2:4-dichlorophenylhydrazones (HUMPHRIES, HuMBLE, and 

Evans), 1807. 


C.;H,N2Br; Bromobenzaldehyde-2:4-dibromophenylhydrazones (CHATTAWAY and 
WALKER), 980. 


C,;H,,0,N, Anhydro-3-acetylamino-2-methylcinchoninic acid (GULLAND and 
Rosrinson), 1498. 


C:3;H,,0,N. m-Nitrophenyl phenylcarbamate (Brapy and Harris), 2175. 


C,;H,.0;N, Nitrohydroxybenzaldehyde-p-nitrophenylhydrazones (HopGson and 
BEARD), 880. 


Ci3H:,0N Benzanilide, reactions of antimony halides with (VANSTONE), 550. 
C,3H,,0.N Phenylcycloiminotoluquinone (CHATTAWAY and PARKEs), 1310. 
C,;H,;,0,N; Phenylaziminotoluquinone (CHATTAWAY and PaRKss), 1309. 


C.;Hi:N,;Br. Benzaldehyde-2:4-dibromophenylhydrazidine (CHATTAWAY and 
WALKER), 981. 


Ci3H;,0,N, 3-Acetylamino-2-methylcinchoninic acid (GULLAND and RoBINsoN), 
1497. 


C,;H:,.BrAs p-Bromodiphenylmethylarsine (HuNT and TURNER), 2670. 


C,;3H,,0N, 3-y-Hydroxybenzeneazo-2:6-lutidine, and its hydrochloride (GULLAND 
and Rospinson), 1495. 


C,;H,;0,Br Methyl 1-bromo-3-phenylcyclopropanc-1:2-dicarboxylate (HAERDI 
and THorRPE), 1244. 


Lactone of ethyl a-bromo-a’-hydroxy-f8-phenylglutarate (HAERDI and THORPE), 


Ci3H,,ON, 2:4:2’:4’-Tetra-aminobenzophenone (GULLAND and RoBINsoN), 1499. 
CisH,,0.Te 4-Benzyl-2-methyleyclotelluropentane-3:5-dione (MorGAN and CoRBy), 
2618. 


C,3H,,0,N, isoPropylidene glycerol 3:5-dinitrobenzoate (FAIRBOURNE and FosTER), 
27638. 


C,3;H,,0,Br, Methyl aa’-dibromo-8-phenylglutarate (HAERDI and THORPE), 1241. 

C,;H,;0,.N Dimethoxy-2:4-dimethylquinolines, and their salts (Lions, PERKIN, 
and Roxginson), 1162. 

C.,H,;0.N, 3-Diphenylmethyleneaminotetrahydroquinazoline-2:4-dione (WILSON 
and CRAWFORD), 108. 

C,,H,,0,N 5-o-Formylaminobenzoylvaleric acid (PATERSON and PLANT), 1798. 

C,;H,;0,Br Methyl a-bromo-B-phenylglutarate (HAERDI and THORPE), 1241. 

C,;H,,ON Methylpentenoic acid p-toluidides (Kon and LINSTEAD), 623. 

C,3;H,,0,N 5-Acetylamino-4-allylveratrole (Lions, PERKIN, and Rozpinson), 1168. 

_8 Dimethoxyanilinopropenyl methyl ketones (Lions, PERKIN, and RoBInson), 


1162. 
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FORMULA INDEX, 13 IIJ—13 IV 


CrsH1,05Ns Acetone-5-carbethoxyphenylsemicarbazones (WILSON and CRAWFORD), 


C,13;H1;0.N2 Malonmonoisepropylmono-p-tolylamide (Wrst), 751. 


C,;H:,0;N. Anhydrocotarninemethylamine, and its salts (HAwortHand PERKIN), 
1444. 


C,;H,;,0.N Dimethoxy-2:4-dimethyl-1:2:3:4-tetrahydroquinolines, and their salts 
(Lions, PERKIN, and Roprnson), 1162. 

Ci3H,,0,I Triacetyl methylglucoside 6-iodohydrin (OLDHAM), 2844. 

C,;H,,0;,N Triacetyl methylglucoside 6-nitrate (OLDHAM), 2843. 


13 IV 
C,;H,O.N,Cl, 1-Trichlorophenyl-3-o-nitrophenylisodiazomethanes (CHATTAWAY 
and WALKER), 2412. 


C,3;H,O.N,Cl, 1-2:4-Dichlorophenyl-3-o-nitrophenylésodiazomethane (CHATTAWAY 
and WALKER), 2412. 


C,;H,0.N,Cl, w-Chloronitrobenzaldehydetrichlorophenylhydrazones (CHATTAWAY 
and WALKER), 1690, 2413. 

C:;H,O.N,Br, 1-2:4-Dibromopheny]-3-o-nitrophenylisodiazomethane (CHATTAWAY 
and WALKER), 2411. 


C,;3H,O.N,Br, -Bromo-m-nitrobenzaldehydetribromophenylhydrazone (CHATTA- 
way and WALKER), 1695. 


C,,H,O.NBr, 2:4:6-Tribromophenyleycloiminotoluquinone (CHATTAWAY and 
PARKES), 1311. 


C,;H,0.N,Cl 1-y-Chlorophenyl-3-o-nitrophenylésodiazomethane (CHATTAWAY and 
WALKER), 2412. 


C,;H,0.N,Cl, -Chloronitrobenzaldehydedichlorophenylhydrazones (CHATTAWAY 
and WALKER), 1691, 24138, 


C,;H,O.N,Br 1-p-Bromophenyl-3-o-nitrophenylisodiazomethane (CHATTAWAY and 
WALKER), 2410. 


C,,H,O.N,Br, -Bromonitrobenzaldehydedibromophenylhydrazones (CHATTAWAY 
and WALKER), 1695, 2411. 


C,;3H,0,;NBr, s-Tribromophenyl p-nitrobenzyl ether (HotmxEs and Incorp), 1809. 


C,;H,0,N,Cl, 8-Nitrobenzoyltrichlorophenylhydrazines (CHATTAWAY and WAL- 
KER), 1698. 


C.;H,O,NCl 3-Chloro-2-nitrophenyl benzoate (Hopcson and Moore), 1601. 
C,,H,O.NCl, Dichlorophenyleyc/oiminotoluquinones (CHATTAWAY and PARKES), 
1311. 


C,;H,O.NBr, 2:4-Dibromophenylcycloiminotoluquinone (CHATTAWAY and PARKES), 
1311. 


C,;H,O.N,Cl, «-Chloronitrobenzaldehydechlorophenylhydrazones (CHATTAWAY 
and WALKER), 1690. 


C,;H,O.N,Br, w-Bromonitrobenzaldehydebromophenylhydrazones (CHATTAWAY 
and WALKER), 1695. 

C:;H,O.N,Cl, Nitrobenzaldehydetrichlorophenylhydrazidines (CHATTAWAY and 
WALKER), 1694. 

C,,H,O,N,Brz 4:6-Dibromo-3-hydroxybenza]ldehyde-p-nitrophenylhydrazone(Hope- 
son and BEARD), 881. 

B-Nitrobenzoyldibromophenylhydrazines (CHATTAWAY and WALKER), 1698. 

C.;H,N.CIBr, w-Chlorobenzaldehyde-2:4-dibromophenylhydrazone (CHATTAWAY 
and WALKER), 981. 

C,3H:,0.NCl p-Chlorophenyleycloiminotoluquinone (CHATTAWAY and PARKES), 
1311. 


C:;H:,0.NBr p-Bromophenylcycloiminotoluquinone (CHATTAWAY and PARKES), 
1311, 
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13 IV—-13 V FORMULA INDEX. 


C,3Hi,0.N,Cl, m-Nitrobenzaldehyde-2:4-dichlorophenylhydrazidine, andits hydro- 
chloride (CHATTAWAY and WALKER), 1694. 

C,;Hi,0.N,Br, Nitrobenzaldehydedibromophenylhydrazidines, and their hydro- 
chlorides (CHATTAWAY and WALKER), 1697. 

C,3Hi902C1,S, 4-Tolyl 2:5-dichlorobenzenethiolsulphonate (Gipson, MILLER, and 
SMILES), 1824. 

C1sHio03N;sBr Bromohydroxybenzaldehyde-p-nitrophenylhydrazones (HopGson 
and BEARD), 881. 

CisH1o0sNsAs Dinitrobenzoyl-4-aminophenylarsinic acids (KING and Murcu), 

637. 


C,;HijN.Br,S 1-Anilinobenzthiazole tribromide (HUNTER), 2025. 

C,3H,,0,NS, Benzyl 2-nitrophenyl disulphide (FoornEr and SmruEzs), 2889. 

Ci3Hi,0.N,01 m-Nitrobenzaldehyde-p-chlorophenylhydrazidine (CHATTAWAY and 
WALKER), 1694. 

C,,;Hi,0.N,Br Nitrobenzaldehydebromophenylhydrazidine, and their hydro- 
chlorides (CHATTAWAY and WALKER), 1697. 

C,;H,,0,NS, 2-Nitrophenyl 4-toluenethiolsulphonate (MILLER and SMIzLEs), 229. 

4-Toly] 3-nitrobenzenethiolsulphonate (Grpson, MILLER, and SMILEs), 1822. 

C,3H1,0,N,As 3’-Nitro-4’-hydroxybenzoyl-4-aminophenylarsinic acid (Kina and 
Murcn), 2649. 

C:i3;Hi30;N,As 3’-Amino-4’-hydroxybenzoyl-4-aminophenylarsinic acid, and its 
sodium salt (Kine and Murcu), 2650. 

C,;H,;0,N.As 3’-Nitro-4’-toluoyl-4-aminophenyl (K1nc and Murcn), 2639. 

C,;H,,0,NBr , 8-Bromo-5:6-dimethoxy-2:4-dimethylquinoline, and its hydro- 
chloride (LIoNs, PERKIN, and RoBinson), 1165. 

Ci3Hi,0,C],Te 4-Benzyl-2-methylcyclotelluripentane-3:5-dione 1:1-dichloride 
(MorGAN and Corsy), 2618. 

Ci3;Hi,0,N;As 3:3’-Diaminobenzoyl-4-aminophenylarsinic acid (KING and Murcn), 
26388. 


C,;H:,0;NBr 8-6-Bromo-3:4-dimethoxyanilinopropenyl methyl ketone (Lions, 
PERKIN, and Rogrnson), 1164. 

Ci3H:,0,.N.Br Bromomalonmonozsopropylmono-p-tolylamide (WzEstT), 752. 

C,;His,0N.S 2-m-Xylidino-5-ethoxy-4:5-dihydrothiazole, and its picrate (NIMKAR 
and PyMAN), 2746. 

C,;H,,0,NBr Diethylammonium -bromo-f-phenylpropionate (SENTER and 
WARD), 1849, 

C,3H,.0.NI -Piperonylpropyltrimethylammonium iodide (BAKER and RoBINson), 
1429, 


13 V 
C,;H,0,N;C1,Br _w-Bromo-o-nitrobenzaldehydetrichlorophenylhydrazones (CHAT- 
TAWAY and WALKER), 2412. 
C,,H,0,N,Cl.Br w-Bromo-o-nitrobenzaldehyde-2:4-dichlorophenylhydrazone — 
(CHATTAWAY and WALKER), 2411. 
C,;H,O.N;C1Br w-Bromo-m-nitrobenzaldehyde-p-chlorophenylhydrazone (CHAT- 
TAWAY and WALKER), 1695. 
C,,H,O,N;C1As 4’-Chloro-3:3’-dinitrobenzoyl-4-aminophenylarsinic acid (Kine 
and Murcn), 2647. 
C,3;H;,0,N2,ClAs 4’-Chloro-3’-nitrobenzoyl-4-aminophenylarsinic acid (Kine and 
MurcH), 2647. 
C,3;Hi20,N,C1As 4’-Chloro-3’-aminobenzoyl-4-aminophenylarsinie acid, and its 
salts (Kine and Murcn), 2647. 
C,;Hi,;0,N,C1As 4’-Chloro-3:3’-diaminobenzoyl-4-aminophenylarsinie acid (Kine 
and Murcn), 2648. 
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FORMULA INDEX. 14. 1f— 14 HI 


C,, Group. 


C,,H;Cl, Nonochlorophenyltolylmethane (SILBERRAD), 2684, 

C,,H,O, Phenanthraquinone, action of hydrazine hydrate on (Dutt), 2971. 
C,4H,.0, 2:4-Dihydroxybenzil (Marsu and STEPHEN), 1636. 

C,,H, 00; 2:4:6-Trihydroxybenzil (Mars and STEPHEN), 1637. 


C,.H,.0, Acid, from ethyl dibromocinnamate and ethyl sodiomalonate (HAERDI 
and THORPE), 1247. 


C,,H,,0, Methylbenzoin (RocER), 523. , | 

C,,H,;AS Phenyl-p-tolylmethylarsine (HunrT and TurNER), 2668. 
-C1,H,,O; Carbethoxyvanillylsuccinic acid (BAKER and Lapworts), 565. 
C,,H,,0, 8-Phenyl-8-methylpropane ay-diacetate (Minis and Bains), 2504. 


C,,H..0; Ethyl 1-methyleyclohexan-3-one-4-carboxylate-1-acetate (FARMER and 
Ross), 2366. 


C,,H..0, Ethyl 1-methyleyclohexan-3-one-4-carboxylate-1-acetate (FARMER and 
Ross), 2364. 


C,,H..0, d¢-Dicarbethoxy-5-hydroxy-yy-dimethylpentane-B-carboxylactone (Roru- 
STEIN, STEVENSON, and THORPE), 1078. 

C,,H2.O2 -Undecoylacetone, and its copper salt (MORGAN and Houmgs), 2893. 

C,,H.,O0, 7-Menthyl ethoxyacetate (RULE and SmitrH), 2191. 


14 III 
C,,H,O,N, Picryl-3:4-methylenedioxybenzsynaldoxime (Brapy and KLErn), 846. 


C.4H,N3Br, -Cyanobenzaldehyde-2:4-dibromophenylhydrazone (CHATTAWAY 
and WALKER), 982. 


C,,H,.0,N Benzoyl-3:4-methylenedioxy-a-benzaldoxime (BRADY and McHuvuex), 
2420. 


C,,H,,0,N2 Benzoylnitro-a-benzaldoximes (Brapy and McHven), 2420. 

C,,H,,0;N2 2:4-Dinitro-2’-hydroxystilbene (GULLAND and RosBrwson), 1503. 

C,,H,,0,N2 3:5-Dinitro-o-tolyl benzoate (GIBSON), 47. 

C,,H,,0,N, Picrylmethoxybensynaldoximes (BRADY and KLEIN), 846. 

C,,H,,0;N Phenyl-4-pyridylpyruvic acid (Stnex), 2448. 

C,,H,,0,N Nitro-o-tolyl benzoates (Gipson), 46. 

C,4H,,0,N; Nitrobenzylidenenitrobenzylamines (INGonp), 1143. 

C.1H,.0,N, Phthalaldehyde 1-oxime-2-p-nitrophenylhydrazone (GRIFFITHS and 
INGoLD), 1705. 


C1,Hi.0;N, 4-Nitro-3-methoxybenzaldchyde-p-nitrophenylhydrazone (Hopason 
and BEARD), 881. 


C,,H,.N.Cl. Acetophenone-2:4-dichlorophenylhydrazone (HUMPHRIES, HuMBLE, 
and Evans), 1306. 


C,,Hj.N2S 4’-Amino-1-methyl-5-methylbenzthiazole, bromination of (HUNTER), 


C,,H,,0N, Benzeneazobenzylformaldoxime (WALKER), 1860. 

C,,H,,0AS 10-Ethylphenoxarsine (AESCHLIMANN), 813. 

C,,H,,0.N 0-Acetylaminodiphenyl ether (RosERTS and TURNER), 2008. 
o-Tolyleycloiminotoluquinone (CHATTAWAY and PARKES), 1310. 

C,,H,,0.N, Tolualdehyde p-nitrophenylhydrazones (STEPHEN), 1877. 

C,,H,,;0,AS 0-Carboxydiphenylmethylarsine (AESCHLIMANN), 812. 
10-Ethylphenoxarsine oxide (+-H,0) (AESCHLIMANN), 814. 

C,,H,;0,;AS 0-Carboxydiphenylmethylarsine oxide (AESCHLIMANN), 813. 

C,,H,,0,N; Dinitrodibenzylamines, and their salts (HoumEs and Incoxp), 1815. 

C,,H,,ON, 2-Hydroxy-3:3’-dimethylazobenzene (Cummine and Ferrier), 2377. 

C,,H,,0,S; Phenylmethylsulphone m-disulphide (Twist and SMILEs), 1261, 
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C.4H,,0,Te, Bis-2-hydroxy-1-methoxypheny] 4:4-ditelluride (Morean and Drew), 
2314. 


C,,H,,0,S, Phenylmethylsulphone m-disulphoxide (Twist and Sm1uEs), 1251. 


C,,H,,[AS Diphenylylenedimethylarsonium iodide (AESCHLIMANN, LEES, Mo- 
CLELAND, and NIcKLIN), 69. 


C,,H,;ON, Lutidineazoanisole, and its hydrochloride (GuLLAND and RosrInson), 
6. . 


Ci,H,,0;N -y-4-Hydroxy-2-methylquinoline-8-butyric acid (PATERSON and 
PLANT), 1798. 

C,,H,;0;N, Acetodinitrodibenzylamides (Ho~mzEs and Incotp), 1820. 

C,4H,,0,S Thioindican (CRAIK and MAcBETH), 1639. 


C,,H,,0,N Substance, from dehydroeseretholemethine methiodide and silver oxide 
(STEDMAN and BARGER), 255. 


C,,H,,0,N 5-0-Acetylaminobenzoylvaleric acid (PATERSON and PLANT), 1798. 

C,,H,,0,N, 8-Methylpimelic-f-acetic acid (FARMER and Ross), 2368. 

C,,H,,ON Ethylpentenoic acid p-toluidide (Kon and LinsTEAD), 622. 

C,,H,,0.N Etheserolene, picrate of (STEDMAN and BARGER), 257. 
5-Ethoxy-1:3-dimethyl-3-ethyl-2-indoline (STEDMAN and BARGER), 251, 255. 

C,,H,,0,N Ethyl 2-cyanocyclobutane-1:2:3-tricarboxylate (Inc and Punxty), 2896, 

C,,H,,0,,N Tetra-acetyl glucose 6-nitrate (OLDHAM), 2843. 

C,,H,.0.N. Malonmonozsobutylmono-p-tolylamide (West), 751. 

C,,H,,0.N, -Octaldehyde p-nitrophenylhydrazone (STEPHEN), 1875. 

C,,H,,0,N 8-Anilinobutaldehyde diethylacetal (Mason), 1033. 

Ci4H,,ON; Acetone-5-menthylsemicarbazone (WILSON and CraAwForD), 106. 


14. IV 
C,,H,O,NBr, 2:3:9-Tribromo-9-nitroanthrone (BARNETT), 2044. 
C,4H,0,N.0l, Dichloro-9:10-dinitro-9:10-dihydroanthracenes (BARNETT), 2042. 
C,,H;N.Br,S, 1:1-Bisbenzthiazole tetrabromide (HuNTER), 1320. 
CsH,0.N.C1, 1:5:9-Trichloro-9:10-dinitro-9:10-dihydroanthracene (BARNETT), 


0,.H, O.N.Br 9-Bromo-9:10-dinitro-9:10-dihydroanthracene (BARNETT), 2043. 

C,,H,NIS 1-Phenylbenzthiazole methiodide (CLARK), 974. 

C,,H,,0C1,;Te Tellurium phenylbenzylketone trichloride (MorGAN and Exyins), 
2631. 


C,,H;,0,01,8, 4-Chloroanisole 2-disulphide (G@AUNTLETT and SmizEs), 2746. 


C,,H;,0;N,Br Bromomethoxybenzaldehyde-p-nitrophenylhydrazones (Hopason 
and BEARD), 881. 


C,H,.0.C1,S, 4-Chloroanisole-2-disulphoxide (GAUNTLETT and Smiuzs), 2746. 


C,,H;,0,N,AS  3:3’-Dinitro-4’-toluoyl-4-aminophenylarsinic acid (Kina and 
MurcH), 2640. 


C,,H,,0.N;As Dinitro-4’-anisoyl-4-aminophenylarsinic acids (KING and Murcn), 
2644, 


C,,H;,0;N.Cl Phenylpyridylpyruvic acid oxime hydrochloride (SincH), 2448. 
C,4H,,0;NS_ Nitro-o-tolyl toluene-p-sulphonates (GrBson), 47. 

C,,H;,0;SAS Sulpho-10-ethylphenoxarsine oxide (AESCHLIMANN), 814. 
CisH,0/N2As 3'-Nitro-4'-anisoyl-4-aminophenylarsinic acid (Kinc and Murcu), 


C,4H,;0.NS p-Toluenesulphonbenzylamide (Hotmzs and Incorp), 1812. 


C,,H,,0;N,AS __3'-Amino-4'-anisoyl-4-aminophenylarsinic acid, and its salts 
(Kine and Murow), 2642. 


C,,H,;BrIAs p-Bromodiphenyldimethylarsonium iodide (Hunt and Turner), 
2670. | 
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C,,Hi,0,N;AS —3:3'-Diamino-4'-toluoyl-4-aminophenylarsinic acid (Kina and 
Murcu), 2640. 

C,,H,,N.Cl,Sn Benzaldehyde stannichloride (SrrPHEN), 1876. 

C,,H,,0.N,Br Bromomalonmonoisobutylmono-p-tolylamide (Wrst), 752. 


C,,H220,N,S a-Propionacetalylphenylthiocarbamide (BurtnEs, PyMAN, and 
ROYLANCE), 589. 


Ci; Group. 
CisHis Tricyclotrimethylenebenzene (PERKIN and PLanv), 1140, 


C,;sH2; Hydrocarbon, from cedrene and formic acid (Roperrson, Kerr, and 
HENDERSON), 1946. 


Hydrocarbon, from formic acid and cadinene (RoBERTSON, KERR, and HENDERSON), 
1946. 


15 II 

CisHi90, Alizarin 2-methyl ether (Kusora and Prrxin), 1893. 
Ci5H,.0; Anthragallol methyl ethers (KuBoTA and PERKIN), 1893. 
Ci5Hi90, Datiscetin, synthesis of (KALFF and RoBinson), 1968. 
CisHi,N a-Acenaphthaquinoline, and its picrate (STEWART), 1331. 
C,;H;.0, Phenyl benzyl diketone (MALKIN and Rosinson), 369. 
C,;H,,0; Hydroxymethoxyanthrones (MILLER and PERKIN), 2688. 
C,;H,,0; Dihydroxymethoxybenzils (MARsH and STEPHENS), 1636. 
Ci;H,.0, Trihydroxymethoxybenzils (MArsH and STEPHEN), 1637. 
C,sH,;N 1-Methyl-2-methylene-1:2-dihydro-8-naphthaquinoline (Minis and 

RAPER), 2472. 
C,;H,,0,; a-Benzylmandelic acid (MALKIN and Ropinson), 374. 
C,;H,,0, Benzylphloracetophenone (BAKER), 2355. 


C,;H,,0; Dihydroxyphenyl §-dihydroxyphenylethyl ketones (CHAPMAN and 
STEPHEN), 891. 

Ethyl a-acetyl-y-hydroxy-y-phenyl-A8-propenecarboxylactone (R. M. and J. N. 
RAy), 2722. 
C.sHi,0, Lactone, from ethyl sodioethylmalonate and phenacyl bromide (R. M. 

and J. N. RAy), 2723. 
CisH;,N Dibenzylmethylamine, and its hydrochloride (HotmEs and IncoLp), 
1816, 


C,;5H;,0; Methyl 2-ethoxy-3-phenylceyclopropane-1:2-dicarboxylate (HAERDI and 
THORPE), 1243. 


Ci;H..02 2-Hydroxystyryl m-hexyl ketone (McGookIN and Srnowarr), 2543. 
C,sH22.0, Ngaione (McDowAtz), 2202. 
C,;H220, Ethyl 2-acetyleyc/obutane-1:2:3-tricarboxylate (ING and PERKIN), 2397. 
C,;H.,0; Ngaiol (McDowatt), 2205. 
C:;H2,;02 Lauroylacetone, and its copper salt (MorGAN and Hormgss), 2894. 
C,;H2,0; Diacetalmalonic acid, and its barium salt (PERKIN and PInx), 192. 
C:;Hs,0, Hexamethyl glycerol glucoside (GincHRIST and PurvEs), 2740. 

15 III 
C,;H,O,N a-Naphthaquinoline-6:7-dicarboxylic acid (SrEwARrT), 1331. 
CisH,NS 9-Anthryl thiocyanate (FooTNER and SmILEs), 2899. 


C,5H:i.0;N, Anhydro-2-aldehydoterephthalic acid phenylhydrazone (PERKIN and 
STONE), 2294. 


Ci5H,,0.N2 3-Nitrophthal-p-tolil (BRapy, Quick, and WELLING), 2267. 
CisHi.0¢N2 2:4-Dinitro-3’:4’-methylenedioxystilbene (GULLAND and RoBINsON), 
1502, 


Ci5H,.0,N, Picrylcinnamsynaldoxime (BRADY and KLEIN), 847. 
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C,;H,,0,Cl Chrysinidin chloride (+2H,0) (Pratr and Rosinson), 1132. 
C,;H,,0,C1 Apigeninidin chloride (+2H,O) (PRatrT and Rosinson), 1133. 


Galanginidin chloride (PRATT and Rosrnson), 11385 ; (MALKIN and RoBINson), 
1193. 


C,;H,,0,1 Galanginidin iodide (PRatTr and Rosrnson), 1135. 

C,;H,,0;Cl Datiscetinidin chloride (+H,O) (Prarr and Rozprnson), 1185. 
Fisetinidin chloride (+3H,O) (Pratt and Ropinson), 1136. 
Lotoflavinidin chloride (+2H,O) (PRATT and Roprnson), 1134, 
Luteolinidin chloride (+2H,O) (Pratt and Rosrnson), 1135. 
Pelargonidin chloride (~+H,0) (MALKIN and Rosrnson), 1194. 
8:5:7:3’-Tetrahydroxyflavylium chloride (PRATT and Rosrnson), 1186. 


C.sHi,0;N, 4-Aldehydo-1:2-hydroxyphthalide p-nitrophenylhydrazone (PERKIN 
and STONE), 2293. 


C,5H,,0,C1 Cyanidin chloride (+ H,0) (Pratr and Rosinson), 172. 
Morinidin chloride (+2H,O) (PRATT and Rogrnson), 1137. 
C.;H,,0,Cl Delphinidin chloride (PRATT and Rosinson), 174, 1190. 
C,;H,.0.N. 4-Aldehydo-1:2-phthalide phenylhydrazone (PERKIN and Stone), 
2290. 


C,;H;20,N. 4-Aldehydophthalic acid phenylhydrazone (PERKIN and STONE), 
2295. 


Carbanilino-3:4-methylenedioxybenzaldoximes (BRADY and McHuan), 2424. 
4-Nitro-2-amino-3’:4’-methylenedioxystilbene (GULLAND and Roprnson), 1502. 
C,;H,.0;N. Phthal-2-nitro-p-toluidic acid (BRADY, QuicK, and WELLING), 2267. 
C1;H,20,N2 2:4-Dinitro-3’-methoxy-4’-hydroxystilbene (GULLAND and RoBtnson), 
1503. 


C,;H:.0,,N. Trimethylene glycol bis-2:4-dinitrophenyl ether (FAIRBOURNE and 
FostER), 2762. 


C.;H,,02,N Benzilmonoxime methyl ethers (BRADY and PERRY), 2876. 
C,;H,,;0,;N Anisylidene-py-aminobenzoic acid (WAYNE and CoHEN), 460. 
Benzoyl-o-methoxy-a-benzaldoxime (BRADY and McHuen), 2421, 
Phthalobenzylamic acid (HoLtmEs and INGoLD), 1810. 
C,;H,,0,N,; Picryl-py-dimethylaminobenzsynaldoxime (BRADY-and KLEIN), 847. 
C,;H,,0,;N. Carbanilino-o-methoxy-a-benzaldoxime (BRADY and McHuen), 2425, 
C,;Hi,N.S 1-m-Toluidino-m-toluthiazole (HUNTER), 2027. 
C,;Hi;0N; Phenylpyruvic acid oxime (WALKER), 1862. 
C,;H,;0.N; Benzoinsemicarbazone (HoPpPER), 1285. 
p-Tolylacetaldehyde p-nitrophenylhydrazone (STEPHEN), 1877. 


C,;H,;0,N, Dinitrodibenzylmethylamines, and their hydrochlorides (HotMEs and 
INGOLD), 1817. 


C,;H,;,ON 8-Amino-aa-diphenyl-n-propyl alcohol (McKenzir and WILts), 288, 

C,;H:,0.N Benzylnorhydrohydrastinine, and its salts (HAworTH, PERKIN, and 
Pink), 1721. 

C,;H,,0,Br, Ethyl aa’-dibromo-8-phenylglutarate (HAERDI and THorPs), 1241. 

C.;Hi3[AS Phenyl-p-tolyldimethylarsonium iodide (HunT and TuRNER), 2668, 

C,;H:,0,N; ‘Trinitroeserethole (STEDMAN and BarcGER), 256. 


C,;H2,0.N. Substance, and its salts, from oxidation of eserethole (STEDMAN and 
BARGER), 256. 

C.;H2,0;N2 6-Nitro-1-acety]l-5:8-dimethoxy-2:4-dimethyl-1:2:3:4-tetrahydroquino- 
line (Lions, PERKIN, and Rosinson), 1163. 

C,;H2,0.N, Eserine (STEDMAN and BARGER), 247, 


C,;H.,0,N Acetyl derivatives of dimethoxydimethyltetrahydroquinolines (Lions, 
PERKIN, and ROBINSON), 1163. 
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C.;H,,;0,N Ngaione oxime (McDowAtt), 2204. 

C,;H.,;0,N Veratrylideneaminoacetal (ForsyrH, Keniy, and Pyman), 1665. 
C,;H:;0,N Veratrylaminoacetal (ForsyTH, Kriiy, and PyMan), 1665. 
C,;H2,0.Te 2-n-Decyleyclotelluropentane-3:5-dione (Morcan and Taytor), 2620. 


15 1V 
C,;H,0.NCl, Tetrachlorophthal-p-tolil (BRapy, Quick, and WELLING), 2267. 
C,;H,ONC], 2:4-Di(trichloromethyl)benzanilide (PERKIN and Sronz), 2296. 


C,;H190;N;Cl, Acetyl-m-nitrobenzaldehydetrichlorophenylhydrazone (CHATTA- 
WAY and WALKER), 1697. 


C,;Hi00;N;Br, Acetyl-m-nitrobenzaldehydetribromophenylhydrazone (CHATTA- | 
way and WALKER), 1697. 


C,;H:,0,N,Cl, «-Acetyl-8- nitrobenzoyltrichlorophenylhydrazines (CHATTAWAY and 
WALKER), 1698. 

C,;H:1,0,N,Br, «-Acetyl-8-nitrobenzoyltribromophenylhydrazine (CHATTAWAY 
and WALKER), 1696. 

C,;H,,0NCl, 2:4-Di(dichloromethyl)benzanilide (PERKIN and Srone), 2291, 


C,;Hi,0,N,Cl, «-Acetyl-8-nitrobenzoylchlorophenylhydrazines (CHaATTAWAY and 
WALKER), 1693. 


C,;H,,0,N;Br, a-Acetyl-8-nitrobenzoyldibromophenylhydrazines (CHATTAWAY 
and WALKER), 1696. 


C,;H,.0,N,Cl a-Acetyl-6-p-nitrobenzoyl-p-chlorophenylhydrazine (CHATTAWAY 
aud WALKER), 1693. 


C,;H,.0,N;Br a-Acetyl-8-nitrobenzoylbromophenylhydrazines (CHATTAWAY and 
WALKER), 1696. 


C,;H,».N.Br.S Dibromo-1-toluidinomethylbenzthiazoles, and their salts (HUNTER), 
2026. 


C,;H,,N.Br,S 1-p-Toluidino-5-methylbenzthiazole tetrabromide (HUNTER), 2027. 

C,;H,,N2Br,S_1-0-Toluidino-3-methylbenzthiazole hexabromide (HUNTER), 2026. 

C,;H,,0,N3;As Dinitro-4’-ethoxybenzoyl-4-aminophenylarsinic acids (Krne and 
MurcHw), 2646. 

C,;H:;0,N.,AS 3’-Acetylamino-4’-hydroxybenzoyl-4-aminophenylarsinic acid 
(Kine and Murcn), 2651. 

C,;H,,0,N.AS_ 3’-Nitro-4’-ethoxybenzoyl-4-aminophenylarsinic acid (Kine and 
Murcn), 2646. 

C,;H, pn aB ES 1-m-Toluidino-m-toluthiazole hexabromide hydrobromide (HUNTER), 
2027. 


C,,H,,OIAS 10-Methyl-10-ethylphenoxarsonium iodide (AESCHLIMANN), 814, 

C,;H:,02.NS p-Toluenesulphonbenzylmethylamide (HoLMEs and INcotp), 1813, 

C,;H,-0;N2As 3’-Amino-4’-ethoxybenzoyl-4-aminophenylarsinic acid, and its salts 
(Kine and Murogw), 2646. 


C,;H..0.Cl.Te 2-n-Decyleyclotelluripentane-3:5-dione 1:1-dichloride (MoreGANn and 
TAYLOR), 2620. 


C,, Group. 


CicHig «y-Diphenyl-y-methyl-A-propene (TROTMAN), 92. 
CisHis ay-Diphenyl-8-methylpropane (TRoTMAN), 93. 
16 II 
CisHioN. 1:6-Naphthadiquinoline (Armir and Rosrnson), 1614. 
C,>H,.0, 7-Hydroxy-4-benzylcoumarin (BAKER and Rogrnson), 1984. 
7-Hydroxy-2-methylisoflavone (BAKER and Rogrnson), 1984. 
7-Methoxyisoflavone (BAKER and RoBINsoNn), 1986. 


3069 


16 1I—16 III FORMULA INDEX, 


C,6H1,0, 5:7-Dihydroxy-2-methylisoflayone (BAKER and Rosrnson), 1984. 
7:8-Dihydroxy-8-phenyl-2-methylbenzo-y-pyrone (BAKER), 2357. 
C,;H,,0; Anthrapurpurin dimethyl ether (MinuER and PERKIN), 2690. 
Galangin methyl ether (KALrr and Roginson), 182. 
C,,H,,0, Quercetin methyl ether, and its potassium salt (KusoTa and PERKIN), 
1894, 


C,,Hi,0; 4-Methoxyphenyl benzyl diketone (MALKIN and Rogrinson), 375. 
Phenyl 4-methoxybenzyl diketone (MALKIN and Rosrnson), 374. 

C,.H,,0, Homopiperonylresacetophenone (BAKER and RoBINson), 1480. 

CisH1,0, Benzylorcacetophenone (BAKER), 2356. 

CisHicO, Methoxybenzylmandelic acids (MALKIN and Rozrnson), 376. 

C,.Hi;N _1-Benzyl-1:2:3:4-tetrahydrotsoquinoline, and its salts (ForsytTH, KELty, 
and PyMAN), 1664. 

CisHi,Br 8-Bromo-a-phenyl-8-benzylpropane (TRoTMAN), 92. 

C,sH,,0 Dibenzylmethylcarbinol (Trorman), 92. 

C,¢Hi,0, a«-Hydroxy-8-methoxy-ay-diphenylpropane (MALKIN and ROBINSON), 377. 

C1¢Hi,0, Lactone, from ethyl sodiotsopropylmalonate and phenacyl bromide (R. M. 
and J. N. Ray), 2728. 

Ci¢His0, Ethyl 8-methylpimelate-f-acetate (FARMER and Ross), 2363. 

C,6H,,AS Phenylmesitylmethylarsine (Hunt and Turner), 2669. 

CisHaoN, Diphenyl-8y-diamino-n-butanes (MoRGAN and SKINNER), 1734, 

C,;H.,0, Ethyl cyclobutane-1:2:2:3-tetracarboxylate (ING and PERKIN), 2394. 

C,sH..0, Caryophyllene formate (RopErTson, KERR, and HENDERSON), 1945. 

Ngaiol acetate (McDowAL ), 2205. 

CicH2.0; Ngaiol methyl ether (McDowAtz), 2206. 

C,¢H390. -Tridecoylacetone, and its copper salt (MoRGAN and HoumEs), 2894. 

C,.H3,03 4-Ketopalmitic acid (G. M. and R. RoBinson), 180. 

C,6H320, Palmitic acid, sodium salt, equilibria of, with water and sodium chloride 
(McBain and Lanepon), 852. 

16 III 


CisHi20,;N, 6’-Aminopiperonylideneoxindole (ARMIT and ROBINSON), 1612. 

C,¢HieCl,AS aa’-Dichlorodistyrylchloroarsine (Hunt and TURNER), 998. 

CicHi;0N2 2-Styryl-1-methy]-4-quinazolone (HEILBRoN, KrTcHEN, PARKEs, and 
SUTTON), 2172. 

CisH;,;0.N; 2:3-Dimethoxyindophenazine, and its salts (ARMIT and RoBINsoN), 
1615. 


CieHi303Cl 5:7-Dihydroxy-2-phenyl-4-methylbenzopyrylium chloride, and _ its 
ferrichloride (WALKER and HEILBRON), 687. 

C,sH,;0,Cl Galanginidin chloride 3-methyl ether (+H,O) (MALKIN and Roprn- 
son), 1192. 

C,6H,,0,N, 2:4:6-Trinitro-3’:4’-dimethoxystilbene (GuLLAND and ROBINSON), 
1503. 


C,;H,,0,Br, Phenyl a8-dibromo-a-methoxy-8-phenylethyl ketone (MALKIN and 
Rosinson), 372. 

C,6H1,0,.N, Dinitrodimethoxystilbenes (@ULLAND and Rosinson), 1502. 

C:cHi,0,N, Benzoyl derivative of trimethylene glycol monodinitrophenyl ether 
(FAIRBOURNE and Foster), 2762. 

C,,H,;0;N Ethyl phenyl-4-pyridylpyruvate (S1ncH), 2448. 

C,,H,.0,N, Benzildioxime dimethyl ethers (BRADY and PERRy), 2879. 
Benzoy]-p-dimethylamino-a-benzaldoxime (BRADY and McHueu), 2421. 
p-Dimethylaminobenzylidene-p-aminobenzoic acid (WAYNE and CoHEN), 460. 
Phenylpyruvic acid p-tolylhydrazone (WALKER), 1862. 
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C,«H1e0,N, 2-Nitro-4-amino-2’:3’-dimethoxystilbene (GULLAND and Rosinson), 
1502. 


C,;H,;,ON Acetodibenzylamide (Ho~MEs and IncoLp), 1819. 

C,sH,,0,.N p-Dimethylaminodiphenylacetic acid (SINGH), 2447. 

C.sH:,0,;N p-Dimethylaminobenzilic acid (StncH), 2447. 

C,;H,,;0,Te, Bis-p-phenetyl ditelluride (MorGAN and Drew), 2311. 

C,.His0,Te, Bis-1:3-dimethoxyphenyl 4:4-ditelluride (MorGAN and Drew), 2313. 
C,,H,,0,N Divanillylamine, and its hydrochloride (Jonzs and PyMAN), 2596. 


C,>H:.0,N2 Ethyl £-carbethoxy-y-benzeneazo-A8-pentenoate (MAcBETH and 
TRAILL), 1120. 


- ©,.H2,0,N Ethyl p-dimethylaminobenzylidenemalonate (WayYNE and COHEN), 
459, 


C.sH2;0,N; Ngaione semicarbazone (McDowAt1), 2204. 
C,.H2,0,N 8-p-Ethoxyanilinobutaldehyde diethylacetal (Mason), 1034. 
CisHs2N2S y7’-Dipiperidinodipropyl sulphide, and its picrate (BENNETT and 
Hock), 2676 
16 IV 
C.sH,,0C1AS 7-Chloro-a8-naphthaphenoxarsine (AESCHLIMANN), 814. 
C,;H,;0,N.AS 3’-Nitro-4’-ethylcarbonatobenzoyl-4-aminophenylarsinic acid (KING 
and MurcH), 2649. 


C,-Hi,0;BrAs 10-Carboxymethyl-10-ethylphenoxarsonium bromide (AESCHLI- 
MANN), 814. 


C,sH,,0,N.Cl Anisylideneazine hydrochloride, and its reaction with stannic 
chloride (SHOESMITH and SLATER), 1490. 


rh Toluene-p-sulphonylbenzylaminoacetic acid (CL—emo and PERKIN), 
2307. 


C,,Hi,0,N2AsS 3’-Acetylamino-4’-anisoyl-4-aminophenylarsinic acid (Krn@ and 
MurcH), 2642. 

C,,H,,0IAs 10:10-Diethylphenoxarsonium iodide (AESCHLIMANN), 814. 

 €,,H,,0.C01,.Te Bis-p-phenetyltelluridichloride (MorGAN and Drew), 2312. 

a ey nee to Bis-1:3-dimethoxy phenyl-4-telluridichloride (Morcan and DREW), 


C,,H,;0.N,S Ngaione thiosemicarbazone, and its silver salt (McDowAtt), 2203. 


C,, Group. 
C1,H2») o-Phenyl-8-benzyl-8-methylpropane (TROTMAN), 94. 
17 Il 
C,,H,)0, isoBenzalizarin (MILLER and PERKIN), 2690. 
C,,H,,0, 3:7-Dihydroxy-2-styrylehromone (RoBINSON and SHINODA), 1975. 
C,,H,.0, 3:5:7-Trihydroxy-2-styrylchromone (RoBINSON and SuinopDA), 1977. 
CHO, 7-Hydroxy-2-methylisoflavone methyl ether (BAKER and RoBINSON), 
1984, 


C,,H,,0, Dihydroxy-3-benzyl-2-methylbenzo-y-pyrones (BAKER), 2355. 
3:7-Dihydroxy-2-8-phenylethylchromone (RoBINSON and SHrINopA), 1977. 
C,,H,,0, 3:4’-Dimethoxy-5:7-dihydroxyflavone (Ropinson and Sutnopa), 1980, 
C,,H,,0. Benzylbenzoylacetone (TRoTMAN), 94. 
C,,H,,0, 4-Methoxyphenyl 8-methoxystyryl ketone (MALKIN and ROBINSON), 
375. 


Phenyl] 8:4-dimethoxystyryl ketone (MALKIN and RoBInson), 374. 
C,,H,,0, Benzoylveratroylmethane, and its copper salt (G@ULLAND and Roxzrnson), 


4-Methoxyphenyl 4-methoxybenzyl diketone (MALKIN and Rosinson), 375. 
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17 I1—17 Ill FORMULA INDEX. 


C,,H,,0; Homopiperonylpaeanol (BAKER and RoBinson), 1430. 

C,;H,.0, 2:4-Dihydroxy-3’:4’:5’-trimethoxybenzil (MARsH and STEPHEN), 1687. 

C,,H,,0, 2:4:6-Trihydroxy-3’:4’:5’-trimethoxybenzil (Marsu and SrEPHEN), 1637. 

C,,H,,0 «s-Dibenzylacetone (Minis and AKERS), 2477. 

C,,H,;0; 4:4’-Dimethoxy-a-benzylmandelic acid (MALKIN and Rosrnson), 377. 
Homoveratrylresacetophenone (BAKER and RoBtnson), 1433. 

C;;Hi,N 2-8-Phenylethyl-1:2:3:4-tetrahydrodsoquinoline, and its hydrochloride 

(HAWORTH, PERKIN, and Pinx), 1716. 


C,,H..0, Ethyl 2-ethoxy-3-phenyleyc/opropane-1:2-dicarboxylate (HAERDI and 
THORPE), 1243. 


C,,H22N2 Di(8-phenylethylamino)methane (SHorT), 271. 
C,,H3.0, Myristoylacetone, and its copper salt (Morcan and Houmgss), 2894. 
C,,H3,0; Ethyl 2-acetyl-n-tridecoate (G. M. and R. RoBinson), 179. 


17 III 

C,;Hi,0,.N, 10:11-Anhydro-7:8-methylenedioxyquinindoline 10-methohydroxide 
(ArmitT and Roprnson), 1613. 

C,,H,;0N Oxysoprotoberberine (HAworTH, PERKIN, and Pryx), 1717. 

C,,H,;0.N; a-Naphthaldehyde p-nitrophenylhydrazone (SrzPHEN), 1877. 

C,,H,,;0;N Coumarincarboxylic acid p-toluidide (Wayne and Conmn), 457. 

C1;H,;0,N; Acetyl-4-aldehydo-1:2-hydroxyphthalide p-nitrophenylhydrazone 
(PERKIN and Strong), 2293. 

C,,H,;ON 3-Benzylidene-4-keto-6-methyl-1:2:3:4-tetrahydroquinoline (CLEMo and 
PERKIN), 2805. 

C,,H,;0,.N 2-8-Phenylethylhomophthalimide (Haworrn, PERKIN, and PINK),1715. 

C,,H,,0,N. Malonmonobenzylmono-p-tolylamide (West), 751. 

C,,H,;0.N; 2:3-Dimethoxy-5(or 11)-methylisoindophenazine (ARMIT and Rosrn- 
SON), 1616. 

C,;H,;0;Cl Datiscetinidin chloride 3:2’-dimethyl ether (PRATT and RoBinson), 
1185, 


5:7-Dihydroxy-8:3’-dimethoxyflavylium chloride (+H,0O) (Pratr and Rosin- 
Son), 1186. 
Pelargonidin chloride 3:4’-dimethyl ether (MALKIN and Rosinson), 1194, 
Pelargonidin chloride 3:3’-dimethyl ether (PRATT and Ropinson), 1187. 
C,;Hi;ON 2-8-Phenylethy]-3:4-dihydro-1-isoquinolone (HAwortH, PERKIN, and 
Pink), 1715. 
C,;H,,0N, 2-Benzyl-1-hydrindone semicarbazone (Mints and AKERS), 2478, 


C,,H:,0;N N-8-Phenylethylhomophthalamic acid (HAworTH, PERKIN, and 
Pink), 1716. 


C,,H,,0;N; Benzylidene-5-3-carbethoxyphenylsemicarbazide (WILSON and CRAW- 
FORD), 107. 


2:3-Dimethoxy-5(or 11)-methylisoindophenazine methohydroxide (ARMIT and 
RoBInson), 1616. 


C,,H,,0,N, Nitro-3-methoxy-2-ethoxy benzylidene-p-toluidines (RUBENSTEIN), 
2268. 


Ci,H2.ON, 8-0-Toluidinopropiono-o-toluidide (CLuMo and PERKIN), 2303. 


C,,H,,0;N Carboxycamphoranilic acids, and their molecular rotation (M. and R. 
SINGH), 1966. 


C:,H,.[As Phenylmesityldimethylarsonium iodide (Hunt and Turner), 2669. 

C,,H,;0.N Benzoylmenthoneoximes (READ and Coor), 2786. 

C,,H,,0,N. 6-Acetylamino-] -acetyl-5:8-dimethoxy-2:4-dimethyl-1:2:3:4-tetrahydro- 
quinoline (Lions, PERKIN, and Rosinson), 1163. 

C,,H2,03;S, Ngaiol methyl xanthate (McDowatt), 2205. 
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FORMULA INDEX. 17 IV—18 II 


17 IV 
C,,H,,ONBr 3-Benzylidene-4-keto-6-methyl-1:2:3:4-tetrahydroquinoline bromide 
(CLEMO and PERKIN), 2805. 


C,;H,,02C1;Fe 3-Chloro-8-ethoxy-2-phenylbenzopyrylium ferrichloride (RIDGWAY 
and Rosinson), 767. 

C,,H;;0,SAs Sulphophenyl-a-naphthylmethylarsine oxide (AESCHLIMANN), 813. 

C,,H:,0,N.Br Bromomalonmonobenzylmono-p-tolylamide (Wust), 751. 

Bromomalon-p-toluidide (WxsT), 752. 

C,,H,,0;NS Toluene-p-sulphonyl-4-ketomethyl-1:2:3:4-quinolines (CLEMO and 

PERKIN), 23803. 
C,,H,,0,NS Toluene-p-sulphonyl-6-methoxy-4-keto-1:2:3:4-tetrahydroquinoline 

(CLEMO and PERKIN), 2305. 

C,,H,,0,N2As 3’-Acetylamino-4’-acetoxybenzoyl-4-aminophenylarsinic acid (Kine 
and Murcu), 2651. 

C,,H:,0,NS Toluene-p-sulphonyl-8-toluidinopropionic acids (CLEMo and PERKIN), 
2302. 


C,,H,,0;NS Toluene-p-sulphony]-8-p-anisidinopropionic acid (CLEMo and PERKIN), 
2305. 


C,,H,,0,N2,As 3’-Carbethoxyamino-4’-anisoyl-4-aminophenylarsinic acid (KiNG 
and Murcu), 2642. 
C,-H.,0.N,I Dehydroeseretholemethine methiodide (SrEDMAN and BARGER), 254. 


17 V 


C,,Hi,0;NBrS Colouring matter, from isatin and 4-bromo-2-carboxy-5-methoxy- 
phenylthiolacetic acid (GRIFFITH and Hops), 995. 


C,,H,,0,;NCIS Toluene-p-sulphonyl1-3-chloro-4-ketomethy]-1:2:3:4-tetrahydro- 
quinolines (CLEMO and PERKIN), 2304. 


Toluene-p-sulphonyl-3-chloro-6-methoxydihydroquinoline (CLEMo and PERKIN), 
306. 


C,; Group. 


Ci,H,.0; m- and 7so-Benzalizarin methyl ethers (MILLER and PERKIN), 2689. 

Ci3H;.0, Diacetylanthragallol (Kusora and PERKIN), 1893. 

Ci3H,,0; 7-Phenyl-a-naphthylglycollic acid, conversion of, into ketones, and its 
silver salt (McKrEnzig and TATTERSALL), 2522. 

C,3H,,0, 7-Hydroxy-3-methoxy-2-styrylchromone (RoBINSON and SHINODA), 1975. 


Acetyl derivative of 7-hydroxy-2-methylisoflavone (BAKER and RoBInson), 
1984. 


Ci3H,,0, 7-Hydroxy-3-homopiperonyl-2-methylchromone (BAKER and Rosinson), 
1431. 


3-Methoxy-5:7-dihydroxy-2-styrylchromone (RoBINSON and SHINODA), 1977. 
CisH,,0, 2:4-Diacetoxybenzil (MArsH and STEVEN), 1636. 


CisHi,0, 7-Hydroxy-3-methoxy-2-8-phenylethylchromone (RoBINSON and SHIN- 
oDA), 1976. 

C,3H,;,0, 3:7:2’-Trimethoxy-5-hydroxyflavone (KALFF and Rostnson), 1971. 

CisHigN, 10:15-Diamino-1:8-dimethyldibenzocopyrine, and its hydrochloride 
(GULLAND and Rosinson), 1500. | 

C,3sH,,0,; 8-Phenylpropionic anhydride (RopINson and SutnopA), 1976. 

C,3sH,,0, 4-Methoxypheny] 6:4-dimethoxystyryl ketone (MALKIN and Rosinson), 
375. 


C,;H,,0; 4:4’-Dicarboxy-3:3’-dimethyldibenzyl ether (PERKIN and Srons), 2286. 
CisH2,0; Camphoryl hydrogen phthalates (Forsrrr and SHUKLA), 1859. 
C,3H;,0,, Di(trimethyl glucosan) (Irvine and OLDHAM), 2919. 
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18 118 III FORMULA INDEX. 


C,3H;,0, Oleic acid, synthesis of (G. M. and R. Rosinson), 175; oxidation ot 

(LAPWoRTH and MortTrRAM), 1628, 1987. 
n-Pentadecoylacetone, and its copper salt (MorGAN aud Hotmss), 2894. 
C,3sH;,0; Lactarinic acid (G. M. and R. Rosrnson), 179. 
C,;H;,0, Dihydroxystearic acid, oxidation of (LAPpworTH and MorrTram), 1987. 
18 III 

C,,.H,,0;N _ 6:7:3’:4’-Bismethylenedioxy-9-ketoprotopapaverine, and its salts 
(Buck, PERKIN, and STeveEns), 1470. 

C,;H,,0Cl, Phenyl-a-naphthylchloroacetyl chloride (McKEnziz and TATTERSALL), — 
2526. 

CisH,,0;N, Oxime of 6:7:3’:4’-bismethylenedioxy-9-ketoprotopapaverine (Buck, 
PERKIN, and STEVENS), 1471. 

C,sH;;0Cl Phenyl-a-naphthylacetyl chloride (McKznziz and TatrERsALt), 2527. 


C,,H,,;0;N — 2:3-Methylenedioxyoxyprotoberberines (HAwortTH, PERKIN, and 
Pink), 1718. 

CisHi;0,N _6:7:3’:4’-Bismethylenedioxyprotopapaverine, synthesis of, and its 
picrate (Buck, PERKIN, and STEVENS), 1462. 

Ci3H,;0;N 6:7:3’:4’-Bismethylenedioxy-9-hydroxyprotopapaverine (BUCK, PERKIN, 
and STEVENS), 1471. 

6:7:3':4’-Bismethylenedioxy-9-keto-3:4-dihydroprotopapaverine, and its salts 

(Buck, PERKIN, and STEVENs), 1470. 

CisHi,0;N2 Oxime of 6:7:3’:4’-bismethylenedioxy-9-keto-3:4-dihydroprotopapaver- 
ine (BucK, PERKIN, and STEVENS), 1470. 


C,,Hi;0.N 2:3-Methylenedioxydihydroprotoberberine, and its salts (HaAwonrTH, 
PERKIN, and Pink), 1722, 

C,sH,;0;C1 4’:7-Dihydroxy-2-styryl-4-methylbenzopyrylium chloride (HEILBRON, 
WALKER, and Buok), 692. 

C,;H,;0,N 2:3-Methylenedioxyoxydihydroisoprotoberberine (HAWORTH, PERKIN, 
and Pink), 1719. 

CisH,;0,N 6:7:3’:4’- Bismethylenedioxy-3:4-dihydroprotopapaverine, and its picrate 
(Buck, PERKIN, and STEVENS), 1466. 

2-Homopiperonylhomophthalimide (HAworTH, PzRKIN, and Prnx), 1717. 

C,sH,;0,C1  3’:4’:7-Trihydroxy-2-styryl-4-methylbenzopyrylium chloride (Hxit- 
BRON, WALKER, and Buck), 693. 

C,,H,;0;,N Nitro-3’:4’-dimethoxy-2-benzylidene-1-hydrindone (Lions, PERKIN, 
and Rosinson), 1168. 

C.:;H,;BrGe Triphenylgermanium bromide (MorGAN and Drew), 1763. 

CisHi,0,N, 4’-Methoxy-2-styryl-3-methyl-4-quinazolone (HxILBRON, KITCHEN, 
PARKES, and Surron), 2171. 


Ci3sH,.02.8,  2:4-Xylyl 2-naphthalenethiolsulphonate (Gipson, MILLER, and 
SMILES), 1824. 


C,sHi,0;S, 6-Methoxy-3-tolyl 2-naphthalenethiolsulphonate (G1Bson, MiLuzR, 
and SMILEs), 1824. 

CisH1,0,N 2:3-Methylenedioxytetrahydroprotoberberines, and their salts (Ha- 
WORTH, PERKIN, and Pink), 1718. 

C,,H,,0;Cl 5:7-Dimethoxy-2-phenyl-4-methylbenzopyrylium chloride, and its 
ferrichloride (WALKER and HEILBRoNn), 688. 

C,3H,,0,N 6:7:3':4’-Bismethylenedioxy-1:2:3:4-tetrah ydroprotopapaverine, and its 
salts (Buck, PERKIN, and STEVENS), 1467. 

Piperonylidene-y-piperonylpropylamine (BAKER and RoBINson), 1429. 

C,3H,,0;N N-Homopiperonylhomophthalamic acid (HaworTH, PxrrkIn, and 

PINK), 1718. 


et Fisetinidin chloride trimethyl ether (+-2H,O) (PRatr and Rosin- 
son), l 
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FORMULA INDEX, 18 III --19 II 


CisH,,0,C1 Cyanidin chloride 3:3’:4’-trimethyl ether (+14H,O) (Pratr and 
Rosinson), 1189. 


Morinidin chloride 3:2’:4’-trimethyl ether (PRATT and Rosinson), 1188. 
CisHis0.N, Acetophenoneoxalyldihydrazone (WILson and PICKERING), 966. 


CisHis0,N. N-Homopiperonylhomophthalamic acid amide (HAworTH, PERKIN, 
and PINK), 1718. 

C,3Hi;0,N, ay-Dialdehydopropane-8-carboxylic acid di-p-nitrophenylhydrazone 
(PERKIN and Pink), 194. 


C,sH,,0,N Benzylhydrohydrastinine, and its hydrochloride (HAworTH, PERKIN, 
and Pink), 1721. 
OsHinOeN Methyl .V-8-phenylethylhomophthalamate (HAWoRTH, PERKIN, and 
INk), 1716. 


C,3H,,0;N; 2:3-Dimethoxy-6-methylindophenazine methohydroxide (ArMIT and 
kosinson), 1616. 


C:sH2,0,N, Ethyl phenylpyruvate p-tolylhydrazone (WALKER), 1862. 
CisH.,0,N, 5-Nitro-2:3-diethoxybenzylidene-p-toluidine (RUBENSTEIN), 2269. 
C,;H.,0,N Ethyl p-dimethylaminobenzilate (StncH), 2446. 
1-1'-Hydroxycyclopentane-1'-carboxylylanilinocyclopentane-1-carboxylactone 
(PLANT and Facer), 2039. 


C,,H.,0,Br Ethyl a-carbethoxy-a’-bromo-8-phenylglutaconate (Harrpr and 
THORPE), 1245. 


C:;H2,0,S yy’-Diphenoxydipropyl sulphide (BENNETT and Hock), 2675. 

C,,H.,0,;N Ethyl 3-p-dimethylaminopheny]-5-methyl-A®-cyclohexen-1-one- 
2-carboxylate (HEILBRON, ForsTER, and WHITWoRTH), 2165. 

C,3;H2;0,N Ethyl 3-p-dimethylaminophenyl-5-methylcyclohexan-5-ol-1-one-2-carb- 
oxylate (HEILBRON, ForsTER, and WHITWORTH), 2165, 

C,3H,,0, Ethyl A'-cyc/ohexene-l-acetate-2-malonate (BAKER), 988, 

C,;H.,0N;, Benzylidene-5-menthylsemicarbazide (WiLSON and CRAWFoRD), 106. 

CisH2,0,N 9-Carbethoxynonanilide (G. M. and R. Roprnson), 177. 

CisH;,0N Acetohexadecylamide (ADAM and Dyer), 73. 


18 IV 
C,sH,,0,S,Br, 5:5’-Dibromo-6:6’-dimethoxy-2:2’-bisoxythionaphthen (GRIFFITH 
and Hops), 990. 


CisH,,0,.NI 2:3-Methylenedioxyprotoberberinium iodide (HAwortn, PERKIN, 
aud PINK), 1722. 


C,,H,,0;NC1 3-Chloro-2-homopiperonyl-1-csoquinolone (HAwortTH, PERKIN, and 
PINK) F717. 


C,;H;,0;C1;Fe 3-Chloro-4’-methoxy-8-ethoxy-2-phenylbenzopyrylium ferrichloride 
(RivGway and Rosinson), 768. 


C,;H:s0,N,S 6’-Methylaminopiperonylideneoxindole methyl hydrogen sulphate 
(ARMIT and RosInson), 1612. 


C.3H,,0,NS Toluene-p-sulphonyl-6-ethoxy-4-keto-1:2:3:4-tetrahydroquinoline 
(CLEMO and PERKIN), 2306. 


CisH2.02.N2S, 2:2’-Diacetylmethylaminodipheny] disulphide (CuarRk), 974. 
C,sH210,NS Ethyl toluene-p-sulphonylbenzylaminoacetate (CLEMO and Perkin), 
2307. 


C,gH.10;NS  Toluene-p-sulphonyl-8-p-phenetidinopropioniec acid (CLEMO and 
PreRKIN), 2306. 


Ci, Group. 


C,,H1,0, Acetylisobenzalizarin (MILLER and PERKIN), 2689, 
C,,H,,0 Phenyl-«-naphthylacetone (McKENzrz and TaTrERSALL), 2528, 
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19 II—19 III FORMULA INDEX. 


C,,H,,0; 1-Acetoxy-2-methoxyanthrone (MILLER and PERKIN), 2688. 
7-Hydroxy-3-homopiperonyl-2-methylchromone methyl ether (BAKER and 

Ropinson), 1482. 

C,5H,,0, 3:4’-Dimethoxy-5:7-dihydroxy-2-styrylchromone (RoBInson and SHIN- 
oDA), 1978. 

C,,H,,0, Diacetoxymethoxybenzils (MArsn and STEPHEN), 1636. 

C,,H,,0, ‘7-Hydroxy-3-homoveratryl-2-methylchromone (BAKER and RoBINsoy), 
1433. 


C15H130, 3:3:47:5’-Tetramethylmyricetin (KALFF and Rosrnson), 183. 
C,,H:3N. y-Dimethylaminobenzylidene-B-naphthylamine (WAYNE and CoHEN), — 
460. 


C,,H2.0, 3:3-Dibenzylacetylacetone (MorGAN and Taytor), 802. 
C,,H2,0, Ethyl diacetalmalonate (PERKIN and Pink), 192. 
C,,H;,02. Palmitoylacetone, and its copper salt (MorGAN and Hotmgs), 2895. 


Acid, and its derivatives, from saponification of cutin (LEce and 


1944386 
WIIEELFR), 1419. 


19 III 
C,.H:;30;N Bismethylenedioxyoxyprotoberberine (BUCK, PERKIN, and STEVENs), 
1469. 


Ci,H;3;N2Cl,; Benzophenone-2:4:6-trichlorophenylhydrazone (HUMPHRIES, HUMBLE, 
and EvANs), 1306. 


C,,H,,0,N 2:3:10:11-Bismethylenedioxyprotoberberine, synthesis of, and its salts 
(Buck, PERKIN, and STEVENS), 1468. 


C,,Hi,N.Cl, Benzophenone-2:4-dichlorophenylhydrazone (HumMPHRIES, Humstz, 
and Evans), 1806. 


Ci,H,,.N,Br., Dibromoformazylbenzene (CHATTAWAY and WALKER), 982, 


C,,H,,;ON N-Phenylbenziminophenyl ether, molecular rearrangement of (CHAp- 
MAN), 1992. 

C,,H,,ON; 1-Keto-2-pheny]-3:5-dimethyl-1:2-dihydro-2:4:6-naphthaisotriazine 
(GULLAND and Roprnson), 1498. 

C,,H,;0,N 0-Benzoylaminodiphenyl ether (TURNER and SHEPPARD), 546. 


C,,H,;0,N Bismethylenedioxydihydroprotoberberine, and its picrate (Buck, 
PERKIN, and STEVENS), 1469, 

C,,Hig0;N. 1-Cyano-6:7-dimethoxy-2-benzoyl-1:2-dihydrozsoquinoline (HAwoRTH 
and PERKIN), 1442, 

C,,H,,0,N2 Methoxy-8’:4’-methylenedioxy-2-styryl-1-methyl-4-quinazolones 
(HEILBRON, KITCHEN, PARKES, and Sutron), 2174. 

C,.H,,0;Br, 7-Hydroxy-3-homopiperonyl-2-methylechromone methyl ether di- 
bromide (BAKER and RoBINSoN), 1432. 

C,,H,,0,;Cl 7-Hydroxy-4’-methoxy-2-styryl-4-methylbenzopyrylium chioride 
(HEILBRON, WALKER, and Buck), 693. 


C,9H,;0,N 2:3:10:11-Bismethylenedioxytetrahydroprotoberberine (Buck, PERKIN, 
and STEVENS), 1467. 

C,,H,,0,01 4’:7-Dihydroxy-3’-methoxy-4-styryl-2-methylbenzopyrylium chloride 
(HEILBRON, WALKER, and Buck), 693. 

C,)H;,0,Te 4:4-Dibenzyleyclotelluropentane-3:5-dione (Morgan and Taytor), 
803, 


C,,H,;0;N. 3/:4’-Dimethoxy-2-styryl-3-methyl-4-quinazolone (HxErupron, Krr- 
CHEN, PARKES, and Surron), 2171. 
CigHisOsN, oy-Dialdehydopropane-88-dicarboxylic acid di-p-nitrophenylhy drazone 
(PERKIN and Ping), 193. 
C,,Hi,0.N 2-8-Phenylethyl-4:4-dimethylhomophthalimide (Haworru, PERKIN, 
and Pink), 1715. | 
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FORMULA INDEX. 19 III—20 II 


C,,H;,0;N Methyl N-homopiperonylhomophthalamate (HAworTH, PERKIN, and 
PINK), 1718. 


C,,H,,0,C1 Delphinidin chloride 3:3’:4’:5’-tetramethyl ether (PRATT and Rosrn- 
son), 1189 


CipH..0,N. 6’-Nitroveratrylnorhydrohydrastinine (HAWortH and PERKIN), 1450. 

C,,H2NI Benzylquinaldine ethiodide (Mints and Raprr), 2474. 

C,,H.,0,N Methyl 6-toluidinobenzylmalonates (WAYNE and CoHEN), 459. 

CigHscO5N 4-Carbethoxybispiperidinium-1:1’-spiran picrate (Minus and Barns), 
2506. 


19 IV 
C,,H,,ON.S, Substance, from distyryl ketone and thiocyanogen (CHALLENGER and 
Bott), 1041. 
C,,H,,ONC1 N-Phenylbenziminochlorophenyl ethers (CHAPMAN), 1996. 


C,,H;,0.C1,Te 4:4-Dibenzyleyclotelluripentane-3:5-dione 1:1-dichloride (MorGAN 
and TAYLOR), 802. 


C,.H,,0;NBr 6’-Bromohomoveratroylhomopiperonylamine (HAWoRTH and Prr- 
KIN), 1451. 


C,,H,,0;Cl,Fe 5:7:2’:4’-Tetramethoxyflavylium ferrichloride (PRATT and Rosin- 
SON), 11384. 


C,,H,.0,NBr 6’-Bromoveratrylnorhydrohydrastinine, and its salts (HAWoRTH 
and PERKIN), 1452. 

C,,H2.,0,NBr 4-Phenyl-4’-carbethoxybispiperidinium-1:1’/-spiran bromides (MILs 
and WARREN), 2512. 

C,,H,,0,NI 4-Phenyl-4’-carbethoxybispiperidinium-1:1’-spiran iodides (Minus and 
WARREN), 2512, 


CC Group. 


C.9H,,0, Acetylbenzalizarin methyl ether (MILLER and PERKIN), 2689. 
C.oH,,0, Triacetylanthragallol (Kusora and PERKIN), 1893. 
Cs)H,,0, 7-Acetoxy-3-homopiperonyl-2-methylchromone (BAKER and RoBINson), 
1431. 
5:7-Diacetoxy-2-mnethylzsoflavone (BAKER and Ropinson), 1985. 
7:8-Diacetoxy-3-phenyl-2-methylbenzo-y-pyrone (BAKER), 2357. 
CsoH1,0, Diacetylgalangin 3-methyl ether (KALFF and Robinson), 182. 
2-0-Methoxybenzylidene-4:6-diacetoxycoumaranone (KALFF and Robinson), 1969. 
CooH 160, 2:4:6-Triacetoxybenzil (MARSH and STEPHEN), 1631. 
C.,H,.N, Dimethyl-2:2’-diquinolyls, and their salts (CoNoLLy), 20838. 
C2,H:i,0, 7-Acetoxy-3-benzyl-2:5-dimethylbenzo-y-pyrone (BAKER), 2357. 
7-Hydroxy-3-benzyl-2:5-dimethylbenzo-y-pyrone (BAKER), 2357. 
Lactone from ethyl sodiobenzylmalonate and phenacyl bromide (R. M. and 
J. N. Ray), 2723. 
C2oHi,0; 4-Methoxycinnamic anhydride (Roprinson and SuHinopa), 1977. 
C.9H,,0, Diacetylanthrapurpurinanthranol dimethyl ether (MILLER and PERKIN), 
2691. 


3:7:4’-Trimethoxy-5-hydroxy-2-styrylchromone (Robinson and SHINoDA), 1978. 
C.oH,;,0, 3:3’:4’-Trimethoxy-5:7-dihydroxy-2-styrylchromone (+-H,0) (Rosinson 
and SHINOoDA), 1979. 
C.,H2.0; 7-Methoxy-3-homoveratryl-2-methylchromone (BAKER and RosINson), 
14338. 


C.,H2,0, Ethyl benzoylveratroylacetate (GULLAND and Roprnson), 1501, 
C.oH220, Dibenzyl dimethoxysuccinate, rotation of (PATTERSON and FuLron), 
2436. | 
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C.oH2,0, Ethyl 2-benzoyleyclobutane-1:2:3-tricarboxylate (Inc and PERKIN), 2397, 
C..H3,02 Substance, from reduction of tagetone (JonEs and SmirH), 2539. 
CooHs302 Margaroylacetone, and its copper salt (MorcAN and HoumEs), 2895. 
C2o.H4.02 Arachidic acid, synthesis of (ADAM and Dyer), 70. 

C2oHy,N Eicosylamine, hydrochloride of (ADAM and Dyer), 73. 


20 III 
CoH 0.sN, Picryl-3-methoxy-4-picryloxybenzsynaldoxime (BRADY and KuxEtn), 
847. 


CooH,;0N3 2-a-4-Pyridylbenzyl-3-quinoxalone (SincH), 2449. 
C..H,;N.Cl 3-Chloro-2:2-diphenyl-1:2-dihydroquinoxaline (INGoLD and WEAVER), 
385. 


C2oH1s02.N2 a-Naphthacarbamylcinnamaldoximes (BRADY and McHven), 2426. 

C.oH,,0,Br, 2-0-Methoxybenzylidene-4:6-diacetoxycoumaranone dibromide (KALFF 
and Ropinson), 1970. 

CooH,,0N Substance, from as-diphenylethylene and nitrosobenzene, constitution 
of (BURKHARDT, LAPWORTH, and WALKDEN), 2458. 

C..H1,0;N Oxyberberine, synthesis of (PERKIN, RAy, and Rostnson), 740. 

C.oH,,04N2 Iminoberberine, and its hydrochloride (HAworTH, PERKIN, and 
Pink), 1723. 

CooH,,0N 8-Amino-ae8-triphenylethyl alcohols (McKEnziu and Wits), 290. 

C2oH,,0.N; 7-Methoxy-4’-dimethylamino-2-styryl-1-methyl-4-quinazolone (HEI1- 
BRON, KITCHEN, PARKES, and SuTTon), 2175. 

C29H;,0,N Anhydro-7-demethylomethylpapaverinol (HAWorTH and PEKKIN), 
1458. 


2-Homopiperony]-4:4-dimethylhomophthalimide (HAworTH, PERKIN, and Pink), 
1717; 
C2oH,,0,N 2-Homopiperonyl-6:7-dimethoxyhomophthalimide (HAworrn, PzEr- 
KIN, and PINK), 1720. 
CooHo,O,N2 6-Nitrotetrahydroberberine (HAWorTH and PERKIN), 1451. 
C.oH.,0,N 7-Demethylomethylpapaverine (HAWoRTH and PERKIN), 1458. 
di-Dicentrine, synthesis of, and its salts (HAworTH, PERKIN, and RANKIN), 
2022. 
Coo>H2,0;N 7-Demethylomethylpapaverinol (HAworTH and PeRKIN), 1457. 
6:7 :2’:3’-Tetramethoxy-2-benzyl-1-csoquinolone (HAwoRTH and PERKIN), 1489. 
6:7:3':4’-Tetramethoxy-2-benzyl-l-csoquinolone (HAWORTH, PERKIN, and Ran- 
KIN), 1446. 
C.oH2,0,Cl Cyanidin chloride pentamethyl ether, and its hydrochloride (PRATT 
and RoBinson), 171. 
C.)H.,0,N N-Homopiperonyl-4:5-dimethoxyhomophthalamic acid (HAworrn, 
PERKIN, and PINK), 1720. 
C2pH220.N2 trans-1-Methylcyclopropane-1:2-dicarboxylic acid di-p-toluidide (In- 
GOLD), 396. 
C.o0H220,N, Ethyl 8-m-nitroanilinobenzylmalonate (WAYNE and CoHEN), 456. 
6:7-Methylenedioxy-2’:3’-dimethoxy-2-benzyl-1-nitromethy]-1:2:3:4-tetrahydro- 
isoquinoline (HAWORTH and PERKIN), 1441. 
6’-Nitroveratrylhydrohydrastinine, and its salts (HAworrTH, PERKIN, and 
RANKIN), 2021. . 
C2 .H.30,N 1-Veratrylhydrohydrastinine, and its salts (HAWORTH, PERKIN, and 
RankIn), 2020. 
C.9H2,0;N 1-Hydroxy-6:7:2’:3’-tetramethoxy-2-benzy]-1:2-dihydrodsoquinoline 
(HaworrTH and PERKIN), 14388. 
1-Hydroxy-6:7:3':4’-tetramethoxy-2-benzyl-1:2-dihydroisoquinoline (HAworTH, 
PERKIN, and RANKIN), 14465. 
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C.,H2;0,N  6:7:2’:3’-Tetramethoxy-2-benzyl-3:4-dihydro-1-dsoquinolone (HAWORTH 
and PERKIN), 1440. 
C.oH2,0,N, 6’-Aminoveratrylhydrohydrastinine, and its salts (HAworrH, PERKIN, 
and RANKIN), 2021. 
C.oH,,0;N. Nitrosoamine of 7-demethylomethyltetrahydropapaverine (HAWORTH 
and PERKIN), 1459. 
C..H,;0,N 7-Demethylomethyltetrahydropapaverine, and its picrate (HAWoRTH 
and PERKIN,) 1459. 
6:7:2':3’-Tetramethoxy-2-benzyl-1:2:3:4-tetrahydrodsoquinoline (HaworrH and 
PERKIN), 14389. 
6:7:3':4’-Tetramethoxy-2-benzyl-1:2:3:4-tetrahydroisoquinoline (HAWoRTH, PER- 
KIN, and RANKIN), 1446. 
C,9H,;0;N 1-Hydroxy-6:7:2’:3’-tetramethoxy-2-benzyl-1:2:3:4-tetrahydrozsoquino- 
ine, and its salts (HAWoRTH and Perkin), 1440. 


CoH2.0,8 y7’-Di-p-tolyloxydipropyl sulphide (BENNETT and Hock), 2675. 


C.oH2,0,N, Ethyl 6-phenylhexahydro-1:2:3:4-tetrazine-1:2:3:4-tetracarboxylate 
(INGOLD and WEAVER), 886. 

C.9H33;0.N, Myristaldehyde p-nitrophenylhydrazone (SrEPHEN), 1876. 

CooHy,ON Aceto-octadecylamide (ApAm and Dyzr), 73. 


20 IV 

C2oHiz0;NCl 3-Chloro-2-homopiperonyl-6:7-dimethoxy-1-/soquinolone (HAWORTH, 
PERKIN, and Pink), 1720. 

C.oH250,.NCl 7-Hydroxy-4’-dimethylamino-2-styryl-4-methylbenzopyrylium 
chloride (HEILBRON, WALKER, and Buck), 693. 

C2oH290;NI_ 6:7-Methylenedioxy-3:4’-dimethoxy-1-benzoyl-3:4-dihydrodsoquinoline 
methiodide (HAworTH, PERKIN, and RANKIN), 2020. 

C2oH,,0,Cl,Fe 3:5:7:2:4’-Pentamethoxyflavylium ferrichloride (Prarr and 
Rosinson), 11387. 

CooH;20,NCl Ethyl 8-p-chloroanilinobenzylmalonate (WAYNE and CoHEN), 457. 

C.oH,,0,NBr Ethyl £-p-bromoanilinobenzylmalonate (WAYNE and CoHEN), 457. 


637:2':3’-Tetramethoxy-2-benzylisoquinolinium bromide (HAworTH and PERKIN), 
1437. 


6:7:3':4’-Tetramethoxy-2-benzyl¢soquinolinium bromide (HAWoRTH, PERKIN, and 
RANKIN), 1445. 
C2oH22,0,NI  6:7:2’:3’-Tetramethoxy-2-benzylisoquinolinium iodide (HAwoRTH 
and PERKIN), 1438. 
6:7:3':4’-Tetramethoxy-2-benzylisoquinolinium iodide (HAWoRTH, PERKIN, and 
RANKIN), 1445. 
1-Veratry]-6:7-methylenedioxydihydrodsoquinoline methiodide (HAWorTH, PER- 
KIN, and RANKIN), 2020. 
C.oH2402N2S, 2:2’-Diacetylethylaminodiphenyl disulphide (CLARK), 974. 


C2oH2,0,NC] 6:7:3’:4’-Tetramethoxy-2-benzyl-3:4-dihydroisoquinolinium chloride 
(HAworTH, PERKIN, and RANKIN), 1447. 


C.oH2,0,NI  6:7:2’:3’-Tetramethoxy-2-benzyl-3:4-dihydroisoquinolinium iodide 
(HAWoRTH and PERKIN), 1439. 


6:7:3’:4’-Tetramethoxy-2-benzyl-3:4-dihydroisoquinolinium iodide (Haworrtu, 
PERKIN, and RANKIN), 1446. 


C29H2,0,NI; 6:7:3’:4’-Tetramethoxy-2-benzyl-3:4-dihydroisoquinolinium periodide 
(HAwortTH, PERKIN, and RANKIN), 1447, 


C2oH2,0,NS yy’-Dipropyl sulphide diphenylurethane (BENNETY and Hock), 
2673. 
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Cai Gr oup. 

C.,H,,0; 7-Hydroxy-2-phenylisoflavone (BAKER and RoBINson), 1985. 
C,,H,,0, 7:8-Dihydroxy-2:3-diphenylbenzo-y-pyrone (BAKER), 2357. 
C.,H,,0; Diacetylisobenzalizarin (MILLER and PERKIN), 2690. 
2-Phenylphenanthriminazole (StrcaR and Ray), 1048. 

o13HisN2 2-Phenyl-3-benzylquinoxaline (MALKIN and RoBINson), 378. 
C,,HisS, Benzyl 9-anthryl disulphide (FoornrR and SmiLuEs), 2889. 
C.,H,,0, Diacetoxy-3-benzyl-2-methylbenzo-y-pyrones (BAKER), 2356. 
C;,H,,0, Diacetoxydimethoxyflavone (KALFF and Ropinson), 1971. 
C.,H,,0, Triacetoxymethoxybenzils (MARsH and STEPHEN), 1637. 
C.,H..0, aa8-Triphenylpropylene aB-glycol (RoGER), 522. 
C.,H2,0, 7-Acetoxy-3-homoveratryl-2-methylchromone (BAKER and RoBInson), 

1433. 


C.,H.N2 


C23H290, 3:7:3':4’-Tetramethoxy-5-hydroxy-2-styrylchromone (ROBINSON and 
SHINODA), 1979. 

C.,H290, 2:4-Diacetoxytrimethoxybenzil (MArsH and STEPHEN), 1637. 

C.,H.,0, 88’-Dibenzyloxydiethylmalonic acid, and its salts (BENNETT), 1280. 

C.;Hi 902 Stearoylacetone, and its copper salt (MorRGAN and Houmgs), 2895. 


21 III 

C.,H,.0;N, Nitro-2-phenylphenanthroxazoles (StRcAR and Ray), 1049. 

C.,H,,;0,N 2’-Hydroxy-2-phenylphenanthroxazole (Srrcar and Ray), 1049.4 

C.,;H,,0.N, 1:4-endo-Keto-2-keto-3:3-diphenyltetrahydroquinoxaline (INGOLD and 
WEAVER), 384. 

C.,H,,0;N, Dinitro-derivative of anhydro-2:4-dialdehydobenzoic acid diphenyl- 
hydrazone (PERKIN and STONE), 2293. 

C.,H,,N.S Naphthylaminonaphthathiazoles (HUNTER), 2272. 

C.,H,,ON, Anhydro-2:4-dialdehydobenzoic acid diphenylhydrazone (PERKIN and 
STONE), 2292. 

C.,H,,0.N, Dianilinodialdehydobenzoic acid (PERKIN and SToneg), 2292. 

C.,H,;0.N, Phenylcarbamate of benzeneazobenzylformaldoxime (WALKER), 1861. 

C.,H,,ON Benzoyldi-p-tolylamine (CHAPMAN), 1998. 

N-p-Tolylbenzimino-p-tolyl ether (CHAPMAN), 1998. 

C.,H,,0.N,; Benzoin-5-phenylsemicarbazone (HoprER), 1287. 

C.,H,,0,N Ethyl diphenacylcyanoacetate (R. M. and J. N. RAy), 2722. 

C,,H2.0,N, 2:4-Dihydroxyphenyl -2:4-dihydroxyphenylethyl ketone phenyl- 
hydrazone (CHAPMAN and STEPHEN), 892. 

C,,H,.0;N. 1-Cyano-6:7:2’:3’-tetramethoxy-2-benzoyl-1:2-dihydrodsoquinoline 
(HAWORTH and PERKIN), 1442. 

C,,H2.0,S; Glyceryl tribenzenesulphonate (FAIRBOURNE and FosTsEr), 2762. 


C.,H2,0N d-8-Amino-aa-diphenyl-8-benzylethyl alcohol (McKEnziz and WILL), | 
293. 


B-Amino-acf-triphenyl-8-methylethyl alcohol (McKENzIz and WI1Ls), 292. 
C.,H..0,N, Strychnine, aluminioxalate of (CHILD, Rogerts, and TurNnER), 2971. 
C.1H,.0,N, 1-Cyano-6:7:2’:3’-tetramethoxy-2-benzyl-1:2-dihydrozsoquinoline 

(HAwoRTH and PERKIN), 1438. 

1-Cyano-6:7:3':4’-tetramethoxy-2-benzyl-1:2-dihydrozsoquinoline (HAwortTH, 

PERKIN, and RANKIN), 1446. 
C2,H.;0;N Keto-7-demethylo-p-corydaline (HaworTH and PERKIN), 1461. 
C.,H,30,N Ethyl B-carboxyanilinobenzylmalonates (WAYNE and CoHEn), 456. 
C.,H230,N Methyl N-homopiperonyl-4:5-dimethoxyhomophthalamate (HawortTH, 

PERKIN, and Pink), 1720. 
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C.,H»;0,C1 Delphinidin chloride hexamethyl ether, (+4H,0) and its salts (PRarr 
and Rosinson), 174. 


C.;H,,0,N, 1-Cyano-6:7:2’:3’-tetramethoxy-2-benzyl-1:2:3:4-tetrahydrodsoquinoline 
(HAWoRTH and PERKIN), 1441. 
1-Cyano-6:7:3’:4’-tetramethoxy-2-benzyl-1:2:3:4-tetrah ydrozsoquinoline (Ha- 
WORTH, PERKIN, and RANKIN), 1447, 
C.,H2;0,N 7-Demethylo-y-corydaline (HAworra and PrRKrn), 1460. 
Ethyl 8-anilino-p-tolylmalonate (WAYNE and CouEn), 455. 
Ethyl] 8-toluidinobenzylmalonates (WAYNE and ConEn), 455. 
C,,H,;0;N Ethyl 6-anilinoanisylmalonate (WAYNE and CoHEN), 458. 
Ethyl 8-anisidinobenzylmalonates (WAYNE and Conn), 458. 
C21 HON Demethylechitamine, and its hydrochloride (Goopson and Henry), 
46. 


C,,H2,0;N._ 6:7:2’:3’-Tetramethoxy-2-benzy]l-1:2:3:4-tetrahydro¢soquinoline-1- 
carboxylamide (HAWorTH and PERKIN), 1448. 

C.,H,.O.N; 6:7:2’:3’-Tetramethoxy-2-benzyl-1-nitromethyl-1:2:3:4-tetrahydroiso- 
quinoline (HAWworTH and PERKIN), 1440. 

6:7:3/:4’-Tetramethoxy-2-benzyl-1-nitromethyl-1:2:3:4-tetrahydrodsoquinoline 

(HAwortTH, PERKIN, and RANKIN), 1447. 

C.,H.;,0,N 6:7:2':3’-Tetramethoxy-2-benzyl-1-methyl-1:2:3:4-tetrahydrodsoquino- 
line, and its picrate (HAWorRTH and PERKIN), 1442. 

C.,H:,0,N; Ngaione p-nitrophenylhydrazone (McDowALt), 2203. 

C.,H3i:0,N 0-Aceto-N-undecenovanillylamide (Jones and Pyman), 2598. 

C.,H,,ON, Eicosylearbamide (ADAM and Dygr), 73. 


21 IV 
C..H,,N:Br,S Dibromo-2-a-naphthylamino-f-naphthathiazole (HUNTER), 2272. 
C.,H,,ON.Cl, 2:2-Dichloro-1:4-endo-keto-3:3-diphenyltetrahydroquinoxaline (INn- 
GOLD and WEAVER), 385. 
C.,Hi,N.Br,S 2-a-Naphthylamino-6-naphthathiazole tetrabromide (Hunrer), 
2272. 


C.,Hi,N.Br.S Naphthylaminonaphthathiazole hexabromides (HuNTER), 2273. 

C.,H,;N2Br;S Naphthylaminonaphthatriazole tribromides (HuNTER), 2272. 

C.,H,;N.Br,;S 2-a-Naphthylamino-8-naphthathiazole heptabromide (Hunrer), 
2272. 


C.,H,,0,N;AS 3’’-Nitrobenzoyl-3’-amino-4’-anisoyl-4-aminophenylarsinic acid 
(Kine and Murcn), 2644. 

C.,H,,0.N;As 3’’-Aminobenzoyl-3’-amino-4’-anisoyl-4-aminophenylarsinic acid, 
and its salts (Kine and Murcu), 2644, 

C.,;H.,0,NCl Dihydro-7-demethylo-¥-dehydrocorydalinium chloride (HAworTH 
and PERKIN), 1460. 


C,,H,,O,NI Dihydro-7-demethylo-y-dehydrocorydalinium iodide (HAWoRTH and 
PERKIN), 1460. 
C,,H,,0,.N;S, Dimethoxymethylisoindophenazine dimethosulphate (ArmiT and 


RoBinson), 1616. 


C.. Group. 


C.2H 60; 7-Hydroxy-3-benzyl-2-phenylbenzo-y-pyrone (BAKER), 2355. 

Cs2H;,0, Dihydroxy-3-benzyl-2-phenylbenzo-y-pyrones (BAKER), 2356. 

VexH.,0, 3:4-Dimethoxycinnamic anhydride (Ropinson and SHINODA), 1979, 
0..H..0, n-Nonadecoylacetone, and its copper salt (MorGAN and Hormg&s), 2896, 
Os.2H,,0, Behenic acid, sodium salt, state of, in solution (LAING), 2751. 
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22 III 
C,.H,;,0,N2 0-Phenoxybenzeneazo-8-naphthol (TURNER and SHEPPARD), 546. 
C..Hi,0N, 2-p-Methoxyphenyl-3-benzylquinoxaline (MALKIN and Rosinson), 
375. 


2-Phenyl-3-y-methoxybenzylquinoxaline (MALKIN and RoBinson), 374. 
C.2H,,0.N,; Benzilmono-5-benzylsemicarbazone (HopPER), 1286. 
C22H2,0.N, Phenylpyruvic acid oxime phenylcarbamate (WALKER), 1862. 
C..H210.N; Benzoin-3-benzylsemicarbazone (HoppER), 1287. 


C..H2.0,N, Anhydrocotarnine-6-nitro-4:5-dimethoxyphthalide (RAY and Rosin. 
SON), 1621. 


C.,H.30;N 3-p-Dimethylamino-5-o-hydroxystyryl-A5-cyclohexen-1-one (HEILBRON, 
ForSTER, and WHITWORTH), 2164. 

C.2H,,;0,N —y-p-Dimethylaminocinnamoyl]-8-o-hydroxyphenylpropane-aa’-dicarb- 
oxylic acid (HEILBRON, ForsTER, and WHITWoRTH), 2166. 


Dimethyl-2-homopiperonyl-6:7-dimethoxyhomophthalimide (HAWORTH, PERKIN, 
and Pink), 1720. 


C..H2,0,.S Tetra-acetyl glucoside (CRAIK and MacsBeETH), 1639. 

C.2H,,0,N, Echitamine, and its salts (Goopson and Henry), 1640. 

C.2H;,0.N; Palmitaldehyde-p-nitrophenylhydrazone (SrePHEN), 1876. 
22 IV 


C.2H,,0,Cl,Fe 7-Methoxy-4-phenylflavylium ferrichloride (ARmir and Rosin- 
SON), 1617. 


C,.H2,0,.N3;As 3’-Nitro-4’’-anisoyl-3’-amino-4’-anisoyl-4-aminophenylarsinic acid 
(Kine and MurcH), 2643. 

C..H..0,N;As: 3’’-Amino-4”-anisoyl-3’-amino-4’-anisoyl-4-aminophenylarsinic 
acid, and its salts (Kine and Murch), 2643. 

C..H2,02N28, 2:2’-Diacetylethylamino-5:5’-dimethyldipheny] disulphide (CLARK), 
974. 


C.2.H2,0,NCl Anhydro-7-demethylomethyl-p-corydaline, and its picrate (HAWORTH 
and PERKIN), 1462. 


C.,H2,0,NI 7-Demethylo-p-corydaline methiodide (HAworTH and PERKIN), 
1460. 


Oss Group. 

C.3H,.0, Acetyl derivative of 7-hydroxy-2-phenylisoflavone (BAKER and RoBIN- 

SON), 1985, 
C.3Hs0,) Datiscetin tetra-acetate (KALFF and Rosrinson), 1971. 
C.3H,,0,, Tetra-acetylquercetin (KUBOTA and PERKIN), 1894. 
C.3H220,. 3:3/:4’:5’-Tetramethylmyricetin diacetate (KALFF and RoBINsON), 183. 
C.3H2201, 2:4:6-Triacetoxy-3’:4’:5’-trimethoxybenzil (MArsH and STEPHEN), 1637. 
C.3H.,0, -Hicosanoylacetone, and its copper salt (MorGAN and Hotmxs), 2896. 


23 III 
C.3H,;0,N 7:8-Methylenedioxy-11-phenylindenoquinoline, and its salts (ARMIT 
and RoBinson), 1610. 
C.3Hi,0,C1 4’:5:7-Trihydroxy-2-phenyl-4-styrylbenzopyrylium chloride (WALKER 
and HEILBRON), 687. 
C.3H2.0.N, 2-p-Methoxyphenyl-3-p-methoxybenzylquinoxaline (MALKIN and 
Rosinson), 376. 
C.3H:,0;N. Ethyl 3-keto-2:2-diphenyltetrahydroquinoxaline-4-carboxylate (INGOLD 
and WEAVER), 384, 
Ethyl] 4-keto-2:3:3-triphenyldimethylene-1:2-di-imine-1-carboxylate (INGoLD and 
WEAVER), 383. 
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C.;H2,0.S 7-Methoxy-4-phenylflavylium methohydroxide (ArMiT and Roxsrnson), 
16 


C,;sH,,.BrAs Phenylmesitylbenzylmethylarsonium bromide (Hunr and TurNER), 
2669, 


C.3;H.,0;N; Benzophenone-5-4-carbethoxyphenylsemicarbazone (WILSON and 
CRAWFORD), 107. 

C.;H2.0,N. §-Phenyl-a-carbethoxyhydrazine-f-diphenylacetic acid (INcoLD and 
WEAVER), 383. 

C.;H.;0,N 3-p- Dimethylaminophenyl-5-o-hydroxystyryl-A5-cyclohexen-1-one-2- 
carboxylic acid (HEILBRON, ForsrER, and WHITWorTH), 2164. 

C.3H2,0.N, d/-2’-Carboxybenzene-4-azodiphenyl-By-diamino-n-butanes, and their 

| salts (MorGAN and SKINNER), 1739. 

Co3;H2,0,N, p-Nitrobenzylbenzoyl-/-ecgonine, and its salts (Gray), 1154. 

C.3H,,0;N = 3-(4’-Methoxy-2’-hydroxy)pheny]-5-p-dimethylaminostyryl-A°-cyclo - 
hexen-l-one (HEILBRON, ForsTErR, and WHITWORTH), 2166. 

C.3;H,;O,N Benzylbenzoylecgonines, and their salts (Gray), 1153, 1158. 

C.3H2;0;N Benzyl-o-hydroxybenzoyl-/-ecgonine, and its picrate (GRAY), 1157. 

o-Hydroxybenzylbenzoyl-l-ecgonine, and its salts (Gray), 1155. 


C., Group. 
C.4H,,0; 7-Methoxy-2-styrylisoflavone (BAKER and RoBINnson), 1986. 
C.4H,,0, 7-Acetoxy-3-benzyl-2-phenylbenzo-y-pyrone (BAKER), 2355. 
C.,4H..0,, Tetra-acetylquercetin methyl ether (KuBora and PeRxKrnN), 1895. 
C.,H,,Ge Tetraphenylgermane (MorGAN and Drew), 1762. 
C.,H.,N Dibenzylquinaldine (Miuus and AKErs), 2477. 
C.4H..0 Benzylidenedibenzylacetone (MILLs and AKERS), 2477. 


C2,H22N, Substance, from 1-methyl-2-methylene-1:2-dihydro-8-naphthaquinoline 
and p-dimethylaminobenzaldehyde (MrLus and Raper), 2472. 


C.,H,.0., Maltodextrin-8 (Line and Nangt), 645. 
j 24 III 


C.,H,,OAs, 00’-Diphenylylenearsenious oxide (AESCHLIMANN, LEEs, McCLELAND, 
and NICKLIN), 69. 


C,.H:;0,.N Anhydro-7:8-methylenedioxy-11-phenylindenoquinoline methohydr- 
oxide, and its salts (ARMIT and RoBrnson), 1611. 

C2,H;,0,C1 5:7-Dihydroxy-4’-methoxy-2-phenyl-4-styrylbenzopyrylium chloride 
(WALKER and HEILBRON), 687. 

C.,H.;0,N Ethyl 8-naphthylaminobenzylmalonates (WAYNE and CoHEN), 455. 

C,4H2.0,S; Glyceryl tri-p-toluenesulphonate (FAIRBOURNE and Foster), 2762. 

C,,H.,O,N Phenylethylbenzoylecgonines, and their salts (GRAY), 1155, 1158. 

pela Benzylhydroxymethylbenzoyl-/-ecgonines, and their picrates (GRAY), 
1157. 


C24H;:0,N, Ethyl — 3-p-dimethylaminophenyl-5-methylcyclohexan-5-ol-1-one-2- 
carboxylate phenylhydrazone (HEILBRON, ForsrER, and WHITWoRTH), 2165.4 
C.,H,,0.N; Stearaldehyde p-nitrophenylhydrazone (STEPHEN), 1876. 


C.,; Group. 
C.;H,,0, 7:8-Diacetoxy-2:3-diphenylbenzo-y-pyrone (BAKER), 2357. 


C,;H2,»0 Phenyl-a-naphthylmethyl p-tolyl ketone (McKeNzIE and TATTERSALL), 
2529. 


C,;H22.0 a8-Diphenyl-a(a-naphthyl)-propan-8-ol (McKEnzie and Tarrersa.t), 
2527. 
C,;H.,.N. Substance, from 1-ethyl-2-methylene-1:2-dihydro-8-naphthaquinoline 
and p-dimethylaminobenzaldehyde (M1LLs and RapER), 2472. 
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25 IlI—26 1V FORMULA INDEX. 


25 Ill 
C.;H,,0,C1 4':4’7:7 -Trihydroxy-2:4-distyrylbenzopyrylium chloride (HEILBRoN, 
WALKER, and Buck), 694. 
C.<H..0,C]1 5:7-Dimethoxy-2’- and -4’-hydroxy-2-phenyl-4-styrylbenzopyrylium 
” chloride (WALKER and HEILBRON), 688. ae ett 
C.5H22.0,N2, Ethyl acetyl-3-keto-2:2-diphenyltetrahydroquinoxaline-4-carboxylate 
(INGoLD and WEAVER), 384. 
C,,;H.,NI Dibenzylquinaldine methiodide (Minus and AKERs), 2477. . 


C.;H.;NoI Substance, from 8-naphthaquinaldine ethiodide and p-dimethylamino- 


benzaldehyde (Mitts and RAPER), 2472. 

C.;H2,0,N Ethyl 3-p-dimethylaminophenyl-5-o-hydroxystyryl-A°-cyclohexen-1-one- 
2-carboxylate (HEILBRON, ForsTER, and WHITWORTH), 2163. 

C.;H.,0,N Phenyl-n-propylbenzoyl-l-ecgonine, and its hydrochloride (GRayY), 
1156. 


C.;H.,0;N Benzyltropoyl-/-ecgonine, and its salts (GRay), 1156. 


. : 25 IV 
C.;H2.0;NCl 5:7-Dihydroxy-4’-dimethylamino-2-phenyl-4-styrylbenzopyrylium 
chloride, and its salts (WALKER and HEILBRON), 687. 


Co. Group. 


C.~H»,0, 5:7-Diacetoxy-3-benzyl-2-phenylbenzo-y-pyrones (BAKER), 2356. 

C.gH..N, Benzaldehydediphenylene-4:4’-dihydrazone (CHATTAWAY, IRELAND, and 
WALKER), 1853. 

C.,H;,0, Acid, and its salts, from saponification of cutin (LEGG and WHEELER), 
1419. 


26 Ill 

C..H,,.N,Br, 1:4-Di(2:4-dibromophenyl)-3:6-diphenyl-1:4-dihydro-1:2:4:5-tetrazine 
(CHATTAWAY and WALKER), 983. i 

C..H1,06C1 Trihydroxymethylenedioxy-2:4-distyrylbenzopyrylium chlorides (HEIL- 
BRON, WALKER, and Buck), 696. 

Co¢H2p0,Ng Nitrobenzaldehydediphenylene-4:4’-dihydrazones (CHATTAWAY, IRzE- 
LAND, and WALKER), 1854. 

C.sH210,C1 Dihydroxymethoxy-2:4-distyrylbenzopyrylium chlorides (HEILBRON, 
WALKER, and Buck), 695. 

C.¢H210;C1 Trihydroxymethoxy-2:4-distyrylbenzopyryliuam chlorides (HEILBRON, 
WALKER, and Buck), 695. 

C.,H.,0;C1 3’:5:7-'Trimethoxy-4’-hydroxy-2-phenyl-4-styrylbenzopyrylium chloride 
(WALKER and HEILBRON), 689. 


C.,H2,0,N2 Py-N-Methylphenyldiveratroisoharmyrine (ARMIT and RoBINSON), . 
1613. 


C.,H»sNI Dibenzylquinaldine ethiodide (Mitus and RaPEr), 2473. 

C..H2,0,N Ethyl p-dimethylamino-o-methoxystyryl-A*-cyclohexen-1-one-2-carb- 
oxylates (HEILBRON, ForsTER, and WHITWORTH), 2164. 

C5H.,0;N Ethyl 3-p-dimethylaminopheny1-5-(methoxy-2’-hydroxy)styryl-A®- 
cyclohexen-1-one-2-carboxylates (HEILBRON, FoRsTER, and WHITWORTH), 2165. 

C..H3,0.N2. Diacetylechitamine, hydrochloride of (Goopson and Henry), 1645. 


C.sHs20,N, Ethyl 6:6-diphenylhexahydro-1:2:3:4-tetrazine-1:2:3:4-tetracarb- 
oxylate (INGoLD and WEAVER), 386. 
26 IV 


Cog¢H220,N,AS2 3’-Amino-4’-hydroxybenzoyl-4-aminoarsenobenzene (KING and — 


Murc#H), 2650. 
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FORMULA INDEX. 27 II—29 V 


C., Group. 
C2;Hy,N. 5:6-(2:3-Diphenylindolo) (6:7)-quinoline (ARMiT and Rosrnson), 1615. 
C.,H..0,, Myricetin, synthesis of (KALFF and Rosinson), 181. 
C.,H,,O0 Cholesterol, molecular weight of (PARTINGTON and TwEEDy), 496, 


27 III 

C.,H2,0,€1 4”:7-Dihydroxy-3”-methoxy-3’:4’-methylenedioxy-2:4-distyrylbenzo- 
pyrylium chloride (HEILBRON, WALKER, and Buck), 696. 

C.,H.;0,C1 7-Hydroxy-4’:4”-dimethoxy-2:4-distyrylbenzopyrylium chloride 
(HEILBRON, WALKER, and Buck), 694. 

C€,,H,.O;NCl 5:7-Dimethoxy-4’-dimethylamino-2-phenyl-4-styrylbenzopyrylium 
chloride, and its ferrichloride (WALKER and HEILBRON), 689. 

C.;H3,0,N Ethyl 1-methoxy-3-o-methoxyphenyl-5-p-dimethylaminostyryl-Al:5- 
cyclohexadiene-2-carboxylate (HEILBRON, ForsTER, and WHITWORTH), 2165. 

C.7-H3,0;N. Ethyl 3-p-dimethylaminophenyl-5-p-dimethylaminostyryl-A*-cyclo- 
hexen-1-one-2-carboxylate (HEILBRON, ForsTER, and WHITWORTH), 2165. 


Crs Group. 


C,,;H,,0 Dianthranyl oxide (CookE, HEILBRON, and WALKER), 2253. 

C.,HigS2, Dianthranyl disulphide (Cookr, HEILBRON, and WALKER), 2252, 
C.,;H,,;S, Dianthranyl tetrasulphide (Cooxr, HEILBRON, and WALKER), 2254. 
C,;H2.O Phenyl-a-naphthylacetonaphthone (McKENzIEand TaTrErsALL), 2529. 


28 III 
C.;H..O,N, 2-Keto-3:3:4-triphenyl-1-p-nitrobenzyltrimethyleneimine (INGOLD and 
WEAVER), 386. 
C,;H2,0.N, Benzildi-3-phenylsemicarbazone (HopPER), 1288. 
C,.,H,,O0,.N, Anisaldehydediphenylene-4:4’-dihydrazone (CHATTAWAY, IRELAND, 
and WALKER), 1853. 
C.,;H,,0.N p-Dimethylaminotetraphenylethylene glycol (StncH), 2446. 
C.,H2,N.I 6-Methy]-1:1’-diethylcarbocyanine iodide (MILLs and Raper), 2474. 
28 IV 
C.;H.,0.N.S, 2:2’-Dibenzoylmethylaminodipheny] disulphide (CLARK), 975. 
C.sH:,O;NCl 7-Hydroxy-4’-methoxy-4’’-dimethylamino-2:4-distyrylbenzopyrylium 
chloride (HEILBRON, WALKER, and Buck), 695. 
 C.sH,,0,N,S, Di-4’-sulphobenzenedis-4-azodiphenyl-By-diamino-n-butanes, and 
their salts (MoRGAN and SKINNER), 1735. 


Coo Group. 
C,,H2, Tetrabenzylmethane (TRormAN), 94. 


: 29 II 
C,,H2;N 1-Methyltetraphenylpyrrole (PERKIN and PuantT), 1141. 


29 III 
C.,H.,N,Br 5:6-Benzo-1:1’-diethylearbocyanine bromide (MILLS and Raver) 
2474. 


29 IV 

C.,H.,0,,N,AS. 3’-Amino-4’-anisoyl-4-aminophenylarsinic acid s-carbamide (K1nc 
and Murcn), 2648. 
: 29 V 

C..H,,0,NBrS_ d-4-Pheny]-4’-carbethoxybispiperidinium-1:1’-spiran bromocam- 
phorsulphonates (MILLS and WARREN), 2512. 
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30 II—41 III FORMULA INDEX. 


C:;), Group. 
Cz9H.,0, Dimethoxydianthraquinone (PERKIN and Yona), 1887. 
C39H,,0, Menthyl benzylidenemalonate (WAYNE and CoHEN), 459. 
30 III 
CzpH2,02.N, Benzildibenzylsemicarbazone (HoprER), 1286. 


30 IV 
CsoHesN,Br,S2 1-Toluidino-methylbenzthiazole tribromides (HUNTER), 2026. 


CzoHsoN.BrzS2 1-2-Toluidino-m-toluthiazole tribromide hydrobromide (HUNTER) ! 
2028. 


C;, Group. 
C3:H;.0N, Di-p-dimethylaminobenzhydryl ketone (S1ncH), 2447. 


C;. Group. 
Cz32H3, «5-Diphenyl-@y-dibenzy!-6y-dimethylbutane (TRoTMAN), 92. 
a-Phenyl-88-dibenzylpropane (TROTMAN), 93. 
$2 II 
Cs2H,,O0, Diacetoxynaphthadianthrone (PERKIN and YopA), 1886. 
Cs2H2 90, 3:6’-Diacetoxydianthraquinone (PERKIN and YopA), 1886, 
C,.H..0, 7-Cinnamoyloxy-2-styrylisoflavone (BAKER and RoBinson), 1986. 
32 III 


C;2H2,0,N, Anhydro-a-diphenylacetyl-a(or 8)-carboxy-f(or a)-carbethoxyhydr- 


azine-8-diphenylacetic acid (INGoLD and WEAVER), 382. 


C;; Group. 


C33H;,0, Rottlerin, preparation of (Durr), 2046. 


Cas Group. 


C3,H3,.0.N, Ethyl 3:5-diketo-4:4:6:6-tetraphenylhexahydropyridazine-1:2-dicarb- 


oxylate (INGoOLD and WEAVER), 382. 


C;, Group: 


CscHogNa Cinnamaldehydediphenylene-4:4’-dihydrazone (CHATTAWAY, IRELAND, 
and WALKER), 1853. 


C36H;,Ge, Hexaphenyldigermane (MorGAN and Drew), 1764. 
C,¢H2031 Maltodextrin-a (Liye and Nanag1), 645. 

36 III 
C;-H;,0Ge, Triphenylgermanium oxide (MorGan and Drew), 1763. 
C,,H;,0,N Menthyl f-anilinobenzylmalonate (WAYNE and CoHEN), 459. 


Cos Group, 


CssH7402 Dioctadecylacetic acid (ADAM and Dyer), 71. 


Cz, Group. 
C35H420, Methoxyrottlerin (Durr), 2047. 
Cs,H,60, Dioctadecylmalonic acid (ADAM and Dyrn), 71. 


Ci; Group. 
C41H4.0,, Lignol (PowELn and}WuHITTAKER), 134. 
CuiH4,0,. Acetylmethoxyrottlerin( Durr), 2047. 
41 Ill 
©.:H,,0,;,.Br, Dibromoacetylmethoxyrottlerin (DuTt), 2047. 
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FORMULA INDEX. 44 II—75 II 


Cy Group. 
C,,H.,0, Dibenzoyldihydroxydianthraquinone (PERKIN and Yona), 1887. 
C,, Group. 
C.7H,,0,, Acetylrottlerin (DurT), 2046. 
47 Ill 


C,-H,4,0,,Br, Dibromoacetylrottlerin (Durr), 2047. 


C.; Group. 


C.sH..0,Ge,  Tetra-anhydrotetrakisdiphenylgermanediol (MorcGAN and Drew), 
1766, 


C,;H,.0;Ge, Trianhydrotetrakisdiphenylgermanediol (MorcGAN and Drew), 1766. 


C;1 Group. 


C;,H;,0,Al Aluminium benzoylecamphor, and its mutarotation (FAULKNER and 
Lowry), 1082. 


C;; Group. 


CzeH.,Br.S, ms-Dibromodiheptacyclene disulphide (Cookr, HEILBRON, and 
WALKER), 2254, 


C.; Group. 


C,;H;,0:; Benzoylrottlerin (Dutt), 2047. 


» 


ERRATA. 


Vor. 145 (1919). 


Page Line 
pioe uli «for 207°” read “.1'75°.”7 


Vou. 123 (1923). 


2455 “13* for 40, 454” read “44, 545.” 
eye AL for ** G10” read “510.” 
2456 &2 for ‘42, 930” read “ 45, 261.” 


VoL. 127 (1925). 
19} for #75” read 7-64.” 
x 10 & for “7-50” read “7-64.” 
4 30) for **0-996” read “1-01.” 


* From bottom. 
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3088 ERRATA. 


Vou. 127 (1925). 


Page , Line 
208 roi ly for “(I’)” read “free iodine (I)” 
»» 1/18 to 34 replace by ‘From the above data we obtain for the composi- 
i tion of the dark equilibrium mixture : 
I’ = 0:02237 gm.-ion per litre. 
I, = 0:00174 gm.-mol. per litre. 
I,’ = 0-00638 gm.-ion per litre. 
Whence we obtain 
__ (1°625 x 10-*)(0-00174)3 
ae (0-380 x 10-)(0-02237) ee 
a value much lower than those obtained by Maitland or 
: Bronsted.”’ 
269 vw 9 = for “K = 23-6” read * K = 7-97.” 
284 VY il for “CO,Ph” read “CO,Et.” 
305 | 3* for “ Low-melting”’ read “ High-melting.”’ 
722 & Invert Fig. 1. 
917 * 9* atomic number of tungsten, for “76” read “74.” 
936 © .17* for “Grafton” read “ Albemarle.” 
944 footnote for “£75” read “£175.” 
945 “ 1* for “based”? read “ placed.” 
1456” 17 for “‘ ketonor-7-demethylo--corydaline”’ read « keto-7 -demethylo- 
} w-corydaline.”’ 
1461 © 10 for“ XIII” read « XII.” 
1543 #16 & 19 for ‘“‘naphtholbenzoin”’ read « naphtholbenzein.”’ 
1745 Formula III. Place ‘“‘—-—’ before “ NMe.” 
1750) "7 for «* (IX) ”’ read * (X).” 


; é< oe “COE cy ) » 
ean Nee Fy CHO CO rt the 


>» of 12 add *‘ The correct arrangement is (IX).” 
1819 « 12* after “was” insert “converted into hydrochlorides and.” 
1820 & 6* before “of” insert “ mainly.” 
2403 UF ig. 3 (ordinates) for <«0, 10, 20, 30, 40” read « 10, 20, 30, 40, 50.” 
2435 3 for ‘‘ Pyridine’’ read *‘ Nicotine.” 
SE a eno ANO 


* Krom bottom. 
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W— 
ERRATUM. 


Vou. 127 (Trans., 1925). 


Page Line 
2997 - 3* col. ii insert ‘‘[with Frederick J. Corby, Oliver C. Elvins, Eveline 
Jones, Richard EH. Kellett, and Cyril J. A. Taylor].’ 


-_ 


: From bottom. 
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LIST OF PHYSICO-CHEMICAL SYMBOLS, ER ST) br nh 
13 ri ~~ y wf i 


: $e farii eck cies 
WARY CHEMIST 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512.] 


‘1. Mathematical Symbols. 


Usual Alternative 
symbol. symbol, 
Base of natural (Napierian) logarithms... 

TENTS Se tas ee is Raat i Pa 
Radius see) PRE a Bla RH oe Se ee a 
Ratio of circumference to diameter ......... 
PRAIVIGHALION <1 50a 0e Ae sake Slee 

BULA CION cca tieltcen ces. 

Total differential ...... 

Partial differential 


SCTRYNARAO 


2. Universal Constants. 


Acceleration due to gravity... .......ceecceee cee 
Mechanical equivalent of heat Eh ae ie 
Avogadro’s constant [number of molecules 
in 1 gram-molecule (mole) ]............... | 
Gas constant per mole ..........ceccecescee csc eee 
Faraday’s constant (number of coulombs 
per gram-equivalent of anion) ......... 
Charge on an electron ............ccccceseccenece | 


ey BS wa 


Length 


| 
EN RCE, OR ES a SP SeEAO ORS UO h 
EE PORE DS Seer aL SHEA ait Eells: m 
ELAS, GAS ree Soe 0k Sei RRR | cane ME WOE Dae aN | t 
Volume =} v, V 


Density (mass per unit volume) .... 
BE RRMITERNIMS ots PASS 28 ON Je oe RG Lc a nS, 
PMC TIGER TIOE Ment ine a dc va scan sacns dtc ee fil A ¢, 0 
BREIL aes Pies ors ss Foc ieb caine ced x 
Critical constants : pressure, volume, tem- Dey Vo 
perature (centigrade), temperature 
(absolute), density rab asninatucatedec ds vs 
duced quantities: pressure, volume, 
temperature, density. seed Samentateaaes } { 
van der Waals’s constants ..............cceeee a, 
LU iy | p 
Viscosity id uno Re sited avcivenpions Geactheletieeeses: | n 
BET BOD PODBIONS o52 sic ceucssstecccss beaks olan y o 
Diffusion coefficient ............ cc. ccc cee seucee see A 
BCS WOR SIG Dect BIN weve owbcihateirecscc| A 
MRCTIAN, WEIL Goods oo dis che dess vats ib sduvinacet M 
Velocity coefficient of reactio Moe f 
Equilibrium constant ................... 
van’t Hoff coefficient Eveccacebueemeilis 
Degree of dissociation (electrolytic, thermal, 


ete. eeeeeecons TT FSR SHH SCHEMES EEE BEORAE SON BOS a 
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2 LIST OF PHYSICO-CHEMICAL SYMBOLS. 


4. Heat and Thermodynamics. 


Usual 
symbol. 
Temperature (centigrade) t 
Temperature (absolute) fy 
Critical temperature batetat ticvdes 
Reduced temperature ......ceeceeeeesee ere cee ees Pee 
Critical solution temperature ......-.-++++++++- te 
Quantity of heat DUO Dy UU AOU at Se mallet Q 
Entropy .--seceececcee cee cee cee see cesses ces S 
Specific heat .....--sesseeseeceeceseesseree trees: c 
Specific heat at constant pressure «..--.------ Cy 
Specific heat at constant volume Cy 
Ratio of specific heats, Cp 2 Cu -++++eeeeeer sees y 
Molecular heat .......ceceeceeceeeeceeceeseesseses C 
Molecular heat at constant pressure ...-..--. | > 
Molecular heat at constant volume ......--- | Cy 
Latent heat per QraM ...-.eseeere eerste ser see ees l 
Latent heat per Mole .......seeseeee eee ene renee ) L 
Maximum work (diminution of free energy) A 
5. Optics. 
Wave-length of light A 
Refractive indeX ......cceceeceesee cee creccecee ces n 
Specific refractive power (Gladstone and 
Dalle) ......ssescecsecceresccesee cee cesscosen ses res (rel 
Specific refractive power (Lorentz and 
LOrenZ) ..cccerceeccceccse reese neerse ene cee ces TL (rh, 
: : Re, Ry, 
Molecular refractive power «..--.-+.++++sse0* |) [Rey [Rul 
Angle of optical rotation ...--.--+-+++srerr ser ees a. 
Specific rotatory POWeE .-----seeeesereerecre ees [a] 
Molecular rotatory POWCF  ..--:-..eere eee esses: M{[a] 
Specific magnetic rotation .......-++++++e+0++ [w] 
Molecular magnetic rotation ...-..-++ses+e+ ++ M[w] 


6. Electricity and Magnetism. 


Quantity of electricity .......--sseesereeeeetee eee | 
Pepa E LtAbBitW Oh bak ae eae eee uence 
Resistance ......cseeceeee cee eees 
Electromotive force ......ecececececeeceecre cee ces 
Electrode potential, or discharge potential 
OF AN 10M ceececccccccccccccceeccecceccecceces 
Electrode potential referred to the normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 
taken AS ZOLO ...cccccesecceecesceececcecceeces 
Normal potential, i.e., the electrode poten- 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub- 
stances and ions of variable concentra- 
GOR rcec8 siete eee oLas ole 


Dielectric constant BS ORL Uh aelNeb Ata 3 € 
Conductivity (specific conductance) .......-. K 
Equivalent conductivity .... beses A 


Equivalent conductivity at different dilu- 
tions—volumes in litres containing 
1 gram-equivalent  .....---+cseseecee eee eee Migs Avs Soo 


Alternative 
symbol. 
] 


Ny 


En, € 


0 Fas of. 


LIST OF PHYSICO-CHEMICAL SYMBOLS, 3 


6. Electricity and Magnetism—(continued). 


Usual Alternative 
symbol. symbol, 
Equivalent conductivity of kation and 
Si Cs SS Se ea An, dg 
Equivalent conductivity of specified ions... Ax: Acy 
Molecular conductivity ..........0....0........ bh 
Velocity of kation and of anion in cm./ sec. 
when the potential gradient is 1 volt | 
DOR ES Vaathescresttat wuenver elcid hea et UU; 
_ Transport number of kation and of anion pire Nk, Ng | 
Magnetic permeability ........................... | Me | 
Magnetic susceptibility ....................... K 


List of Symbols, Arranged Alphabetically, 


Symbol. Name of quantity. 


A Atomic weight; maximum work. 
a Van der Waals’s constant. 

b Van der Waals’s constant. 

C Concentration; molecular heat. 

c Concentration; specific heat. 


Cy, Ce Molecular heat at constant pressure, and at constant 
volume. 
lps. Ce Specific heat at constant pressure, and at constant volume. 


D Alternative symbol for density. 

d Diameter; total differential; density. 

d; Critical density. 

d Reduced density. 

E Electromotive force; electrode potential. 

€ Base of Napierian logarithms; charge on an electron. 

Ly, £; Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

olin, pL. Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

PF Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 


9g Acceleration due to gravity. 
h Height. 
I Current. 
4 Van’t Hoff’s coefficient. 
J Mechanical equivalent of heat. 
K Equilibrium constant. 
K,, K, Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed. 
k Velocity coefficient of reaction. 
L Latent heat per mole. 
1 Length; latent heat per gram. 
M Molecular weight. 
M[a] Molecular rotatory power. 
M[w] Molecular magnetic rotatory power. 
m Mass. 
N Avogadro’s constant (Loschmidt’s number) or number of 


molecules in 1 gram-molecule. 
n Refractive index. 


LIST OF PHYSICO-CHEMICAL SYMBOLS. 


List of Symbols, Arranged Alphabdetically—(continued). 


a 


q 
Sag Seta 


y Specific magnetic rotation. 


Pf 
r 4 


Name of quantity. 
Transport number of kation and of anion. 


| Refractiye index (alternative symbol). 


Pressure. 

Pressure. 

Critical pressure : reduced pressure. 
Quantity of heat; quantity of electricity. 
Gas constant per mole; electrical resistance. 


Molecular refractive power, according to Gladstone and _ 


Dale, and to Lorentz and Lorenz respectively. 

Radius. 

Specific refractive power according to Gladstone and Dale, 
and to Lorentz and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature (centigrade). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). 

Velocity of kation and of anion in cm./sec. when the poten- 
tial gradient is 1 volt per cm. 

Volume. 

Volume. 

Critical volume : reduced volume. 

Electrical resistance (alternative symbol}. 

Mole fraction. 

Degree of dissociation (electrolytic, thermal, etc.); angle 
of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 

Diffusion coefficient. 

Variation. 

Partial differential. 

Electrode potential (alternative symbol); dielectric con- 
stant. 

Electrode potential referred to the normal hydrogen or the 
normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 


Normal potential, that is, the electrode potential referred to — 


the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity) ; 
bility. 

Equivalent conductivity. 


Equivalent conductivity at different dilutions (volumes ng 


litres containing 1 gram-equivalent). 
Equivalent conductivity of kation and of anion. 
Wave-length of light. 
Molecular conductivity ; magnetic permeability. 
Ratio of circumference to diameter. 
Summation. 
Surface tension (alternative symbol). 
Fluidity. 


magnetic suscepti- 
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PROCEE EDINGS 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, January 15th, 1925, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 


The PreEstpENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
BMG SP PETOUGIOS ors cis oscusdses senses vores May 2nd, 1912. Nov. 24th, 1924. 
mnasberao’ Bb, Jadhava’ tive eih. ec. June 16th, 1887. Oct. 6th, 1924. 
Bettini ua SALUT AALS May 4th, 1893. Jan. 3rd, 1925. 
George Downing Liveing ............... Nov. 21st, 1853. Dec. 26th, 1924. 
RM IGA UO one. rab s coved «c deexn mates June ldth, 1899. Feb. 1924. 


MntiAstls PATINGTE © se Soles. s cces eyed cose c June 4th, 1874. Dec. 21st, 1924. 


The PRESIDENT announced : 

(1) That the names of the Members of Council who retire at the 
Annual General Meeting on the 26th March, 1925, and who are 
ineligible for re-election to the Same office until the lapse. of one 


year, are as follows : * TIRPARY OF THE 
President : | “<i 
Prof. W. P. Wynne. FEB 1g 1935 
Foreign Secretary : b 
Dr. A. W. Crossley. UNWeiisss® UF PLLEINQIS 


Vice-Presidents who have filled the office of President : 
Prof. H. B. Dixon, Prof. P. F. Frankland. 

Vice-Presidents who have not filled the office of President : 
Prof. E. C. C. Baly, Dr. J. T. Hewitt. 

Ordinary Members of Council : 


(2) Town Members : 
Dr. C. Dorée, Dr. J. J. Fox, Prof. J. R. Partington. 
(b) Country Members : 
Prof. I. M. Heilbron, Prof. J. W. McBain, Dr. W. H. Mills. 
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The following vacant places fall due to be filled at the Annual 
General Meeting on March 26th, 1925, in accordance with’ the — 
Bye-Laws : | 


President i we oe *. ... One vacancy. 
Secretaries =. “he Be as ... One vacancy. 
Foreign Secretary a A Ke ae ... One vacancy. 
Vice-Presidents who have filled the office of | 

President... as aa a ... Three vacancies. 
(Note: the vacancy additional to the two prescribed by the 

Bye-Laws is caused by the death of Sir James Dobbie.) 

Vice-Presidents who have not filled the office 

of President ... Hi sas ise ... Two vacancies. 


Ordinary Members of Council : 
(2) Town Members (7.¢., those living within 
a radius of 50 miles from Charing Cross) Five vacancies. 
(0) Country Members (i.e., those living 
beyond a radius of 50 miles from 
Charing Cross) ... +a. a4 Two vacancies. 
(Note: In accordance with the Bye-Laws, the number of _ 
vacancies in each of the categories (a) and (b) is three. But this _ 
year the vacancies among Town Members are increased by two 
and among Country Members reduced by two, owing to Prof. — 
C. K. Ingold and’ Prof. J. Reilly, who are no longer resident — 
in the London area, being transferred from Town to Country — 
Members; while the resignation of a Country Member increases 


the number of vacancies among Country Members from one to two. : 
The Council has nominated : : 
Dr. A. W. Crossley to the office of President. j 

Dr. T. Slater Price to the office of Secretary. -* 
Prof. F. G. Donnan to the office of Foreign Secretary. : 


(2) That the following address of congratulation was presented 
by Sir William Pope, F.RB.S., to the Société Chimique de France 
-on December 22nd, 1924, on the oceasion of the celebrations of the 
50th Anniversary of the foundation of Stereochemistry by van’t — 
Hoff and Le Bel in 1874: q 


“ To the Société Chimique de France. 


“The President, Council and Fellows of the Chemical Society 
rejoice to learn that the Société Chimique de France is meeting on — 
December 22nd on the occasion of the 50th anniversary of the 
foundation of Stereochemistry by J oseph Achille Le Bel and Jacobus - 
Henricus yan’t Hoff, © 
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~ These two savants will ever be remembered for one of the most 
important advances in modern. chemical thought and practice. 
The masterly conception which they gave to the chemical world 
has proved a fruitful incentive to brilliant researches, which have 
not only confirmed their theoretical reasoning, but have also im- 
measurably widened our knowledge of chemical structure. 

“The Chemical Society, which is proud to have the name of 
Joseph Achille Le Bel on its list of Foreign Fellows, welcomes the 
opportunity of joining with its sister Society in doing honour to 
Le Bel and van’t Hoff and in paying homage to their genius. 

“Signed on behalf of the Chemical Society, 
W. P. Wynne, President. 
JOCELYN THORPE, Treasurer. 
(s) T. SLATER PRICE, ) g 
C. §. Gipson, J ecretarves., 
ARTHUR W. CrosstEy, Foreign Secretary. 

“Sealed in Council this Eighteenth day of December, One | 

Thousand Nine Hundred and Twenty-four.” | 


The following were formally admitted Fellows of the Chemical 
Society : H. J. George, E. Rothstein, R. F. Goldstein, 8. Barratt, 
K. Roberts, J. A. Aeschlimann, J. Ross, and C. I. Kelly. 

Certificates were read for the first time in favour of : 


Claud McClellan Bottomley, B.Sc., 43, Manor Road, Blackburn. 

Frederick Stanley Brown, B.Sc., A.I.C., Rosebank, Tile Hill Lane, Coventry. 

Herbert Isaac Coombs, B.Sc., B.A., Trinity College, Cambridge. 

Ernest James Davis, 45, McClure Street, Ormeon Road, Belfast. 

Henry Bell Footner, B.Sc., Great Dean, nr. Christchurch, Hants. 

Robert Owen Griffith, M.Sc., A.I.C., Muspratt Laboratory of Physical 

Chemistry, The University, Liverpool. 

Herbert Henry Hodgson, M.A., Ph.D., B.Sc., F.I.C., 136, Paley Road, 
Bradford. 

Wilford Jordayne Johnson, Devanha, South Road, Brighton Beach, Victoria, 
Australia. 

William Wenallt Jones, M.Sc., 19, White Hart Lane, Wood Green, N. 22. 

Jacob Kracovski, B.Sc., 11, Ernest Street, E. 1. 

John Joseph Laws, 45, Fulham Road, South Kensington, S.W. 7. 

Alexander John Simpson Leiper, 74, Whitworth Road, South Norwood, 
S.E. 25. 

William Hamilton McVicker, M.Sc., 45, Wellington Park, Belfast. 

Frank Douglas Miles, Caldwell Road, West Kilbride, Ayrshire. 

William Bayley Parker, F.I.C., 3, Murray Road, Rugby. 

Isaac Vogel, B.Sc., 16, Wellclose Square, E. 1. 

Nellie Walker, M.A., Ph.D., B.Sc., 15, Fintry Place, Broughty Ferry. 

James Ewart Whipp, 15, St. John’s Street, Longsight, Manchester, 


The following papers were read : 
“ 6-Chlorophenoxarsine.” By E. E. Turner and A. B. Suupparp. 
* 


+ 


‘The chemistry of the three-carbon system. Part III, «f-fy- 
Change in unsaturated acids.” By G. A. R, Kon and R, P, 
LINSTEAD. 

‘The influence of valency direction on the dissociation constants 
of dibasic acids.”’ By C. H. Sprers and J. I’. THORPE, 

‘The relation of pilocarpidine to pilocarpine. Synthesis of 1:4- 


and 1:5-dimethylglyoxalines.’” By R. Burrizs, F, L, 


Pyman, and J. ROYLANCE. 


LECTURE. 
Sir William Hardy, Sec.R.S., will deliver his Lecture entitled 


‘Problems presented by Films on Solid Surfaces,” on Thursday, ” 


February 26th, 1925, at 8 p.m., in the Lecture Hall of the Institution 
of Mechanical Engineers, Storey’s Gate, Westminster, S.W. 1. 


ANNIVERSARY DINNER. 


The Anniversary Dinner will be held in the Grand Hall of the 


Hotel Victoria, Northumberland Avenue, W.C.2, on Thursday, 
March 26th, 1925, the day of the Annual General Meeting. Further 
particulars will be issued shortly. 


ORDINARY SCIENTIFIC MEETINGS IN FEBRUARY. 


February 5th, at 8 p.m. 
February 19th, at 8 p.m., when a ballot for the election of Fellows 


will be held. 


List of Papers received between December 19th, 1924, and 
January 15th, 1925. (This List does not include the titles of 
papers, or abstracts thereof, which have been read at a Scientific 
Meeting, or which have appeared in the Journal.) 

‘Note on a simple constant-level apparatus for thermostats and 
water-baths.” By J. M. Smiru. 


‘Studies of equilibrium in systems of the type Al,(SO,)s-M"SO,- J 


H,O. Part I. Al,(SO,);-CuSO,-H,O. Al,(SO,),-MnSO,-- _ 


H,0 at 30°.” By R. M. Caven and T. C. MrrcHEL. 


“The mercuration of aromatic substances. Part I. Toluene.” 


By 8S. Correy. 


“The chemistry of the three-carbon system. Part IV, A case of 


retarded mobility.”” By G. A. R. Kon and R. P. LInsTHaD, ~ 
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~ The velocity of reaction in mixed solvents. Part VIII. The 
velocity of formation of certain quaternary ammonium salts.” 
By H. McCompim, H. M. Ropzrts, and H. A. ScaRBOROUGH. 
~ Crystalline cuprous bromide.” By D. B. Bricas. 
“ Phenyl benzyl diketone and some derivatives,” By T. Makin 
and R. Ropryson. 
“Tautomerism of amidines. Part V. Methylation of glyoxalines 
by diazomethane. Bromination of 4(or 5)-phenylglyoxaline.”’ 
By W. G. Forsytu and F. L. Pyman, 
~ The mass of the hydrogen atom computed.” By E. F. Morris. 
~ The reduction of aromatic nitro-compounds.” By R. W. West. 
~ A redetermination of the atomic weight of boron.” By H. V. A. 
BRIscoE and P, L. Ropinson. 
~ The interaction of nitrogen sulphide and sulphur. Nitrogen 
persulphide.” By F. L. Usunr. 
“The composition of the liquid and vapour phases in mixtures of 
glycerol and water.” By M. P. I. V. Iver and F. L. Usuer. 
~ Note on some metallic couples decomposing water at the ordinary 
temperature.’ By E. 8. Hepcss and J. E. Myers. 
“Styrylbenzopyrylium salts. Part IV. y-Styryl derivatives of 
5: 7-dihydroxy- and 5:7 -dimethoxy-2-phenyl-4-methylbenzo- 
pyrylium chloride.” By G. H. Watxer and I. M. Herpron. 
~ Styrylbenzopyrylium salts. Part V. Distyryl derivatives of 
7-hydroxy-2 : 4-dimethylbenzopyrylium chloride.”’ By I. M. 
HeILpron, G. H. Waker, and J. S. Buck. 
~ Interactions of tellurium tetrachloride and acetic anhydride.” 
By G. T. Morean and H. D. K. Drew. 
~ Quantitative reduction by hydriodic acid of halogenated malonyl 
‘derivatives. Part IV. The influence of substitution in the 
amide group on the reactivity of the halogen atom in bromo- 
malonamide.” By R. W. Wssvt. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, FEBRUARY 
19TH, 1925. 


N.B.—The names of those who sign from “ General Knowledge ” 
ire printed in ttalics. 

ASHLEY, JuLrus NicHOLsoN, 37, Scarsdale Road, Victoria Park, Manchester. 
3ritish. Chemical Research student at the Victoria University of Manchester. 


3.Sc. Hons. (Birm.) 1923, A.I.0. 1923. (Signed by) Arthur Lapworth, 
%, Robinson, Frederick Challenger. 
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BarRTRAM, GEORGE ALFRED, 19, Valley Rd., Spital, Chesterfield. British. — 
Teacher of Chemistry. Student at University College, Nottingham, 1914-lo, 
1919 and 1920. B.Sc. (London Pass), 1920; B.Sc. (Lond., 2nd Class Hons. 
Chem.), 1922. Elected A.I.C. 1923. Teacher of Chemistry 1920 to present 
time. In charge of Chem. Advanced Course recognised by Board of Educa- 
tion 1922 to present time. (Signed by) F. Stanley Kipping, E. B. R. Prideaux, 
J. B. Firth, A. R. Blackburn. 

Brersy, Grorcre Harry, 92, Ashby Rd., Loughborough. English. 
Chemistry Research Student. Training received at Loughborough College, 
under A. Bramley, Esq., D.Sc., F.1.C., etc. Hold degree of B.Sc. London. 
2nd Hons. Chemistry. A.I.C. Diploma of Loughborough College (Hons.). 
Engaged on Metallurgical Research. (Signed by) Arthur Bramley, George 
Lawton, T. L. Garner, A. T. Eggington. 

Bisnop, ARTHUR Henry Burpick, Westminster Training College, 130, 
Horseferry Rd., Westminster, 8.W. l. British. Assistant Lecturer in 
Chemistry. Research for one year at Jesus College, Oxford, on ‘* Adsorption 
of Gases by Glass Wool.” At present engaged in research on “ Optical 
Rotatory Dispersion.” (Signed by) P. C. Austin, E. E. Walker, Gerald 
Druce. 

BuoomerR, VincENT, B.Sc., 33, Balfour St., Oldham. British. Student. | 
Have completed 3 years’ Honours Chemistry Course at Victoria University, 
Manchester; am now doing one year’s research course for the degree of 
M.Sc. (Signed by) Henry Stephen, F. P. Burt, D. H. Bangham. 

Borromiey, Ciraup McCretuan, 43, Manor Road, Blackburn. British: 
Brewer. B.Sc. (Lond.) [Chemistry taken at Final Exam. ]. (Signed by) 
W. J. Stansfield, A. Bramley, G. W. F. Holroyd. 

Brown, FREDERICK STANLEY, ‘“ Rosebank,” Tile Hill Lane, Coventry. 
British. Research Student (in receipt of a Scientific and Industrial Research 
Grant). Two years’ works experience. Academic training at University 
College of Wales, Aberystwyth, from 1919 up to present time. Ist Hons. 
B.Sc. (Wales). A.I.C. Over two years’ research experience. J.C.S. 1923, 
Vol. 128, 2430. J.C.S. 1924, Vol. 125, 2219. (Signed by) T. Campbell James, 
C. R. Bury, Albert Green. 

CHuortey, Percy, 87, Hazelbottom Rd., Crumpsall, Manchester. British. 
Chemist. M.Sc. (Vict.). Beyer Fellow, Victoria University, Manchester, 
1914. Published, with Professor A. Lapworth, a paper on “A new series 
of nitrogenous compounds derived from camphoroxalic acid ” (T'rans., 1920, 
728). Chemist, on the staff of British Dyestufis Corporation, Ltd. (Signed 
by) E. H. Rodd, R. Brightman, H. Swann, Carlton Butler, Morvan Lapworth. 

Coomss, Hersert Isaac, Trinity College, Cambridge. British. Student. 
Bachelor of Science, First-class Bachelor of Arts of Oxford; Research work 
under Professor Perkin, F.R.S., and Professor Hopkins, F.RB.S. (Signed by} 
W. H. Perkin, H. Raymond Ing, R. H. Griffith, N. V. Sidgwick. 

CorBET, ALEXANDER STEVEN, ‘‘ Abbey Stone House,” Sidmouth St., 
Reading. British. Chemist. B.Sc., Ph.D. (London University). A.LC, 
Papers published with Professor H. Bassett : “The Hydrolysis of Potassium — 
Ferricyanide and Potassium Cobalticyanide by Sulphuric Acid,” J.C.S.5 
June 1924. ‘“‘A Phase-rule Study of the Cupro-, Argento-, Auro-, and — 
Thallo-cyanides of Potassium,” August, 1924. (Signed by) H. Bassett, 
J. W. Dodgson, D. Roy Maxted. ae 

-Crowk, Wittiam Haveuton, ‘‘ Bettwsville,” Cherry Valley Park, Belfast 
(N. Ireland). British. Assistant in Chemistry (Q.U.B.). Researeh i 
Chemistry, Queen’s University, Belfast. 1922-23, subject, “‘ Effect of Lighi 
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on Brominations.’’ 1923-24, University College, London, “ Pyridones.”’ 
(Signed by) A. W. Stewart, J. K. Marsh, H. Graham. 

Davipson, ALFRED, 91, Hazelbottom Rd., Cheetham, Manchester. British. 
Research Chemist, British Dyestuffs Corporation. B.Sc. (Glasgow) with 
distinction in Chemistry. T. 8. Patterson and A. Davidson, J.C.S. (1912), 
101, 374. (Signed by) E. J. Amies, C. Hollins, 8. C. Bate. 

Davis, Ernest James, 45, McClure Street, Ormeau Road, Belfast. 
British. Chief Assistant Chemist, Messrs. Harland and Wolff, Belfast. 
Ten years Industrial Chemist with Messrs. J. Stone & Co., Deptford ; Martin’s 
Heat Treating and Testing Works, Coventry; Harland and Wolff, Ltd., 
Belfast. (Signed by) Henry Wren, Theophilus Harper, James W. Porter. 

DurFin, WALTER Marx, 35, Binfield Road, 8.W. 4. English. Research 
Student. A.R.C.S. B.Sc., London. Engaged in Research. (Signed by) 
H. B. Baker; G. A. R. Kon, Arnold Stevenson, M. A. Whiteley. 

DURRANT, ARTHUR HyNarp, 47, Cassiobury Rd., London, E. 17. British. 
Bacteriologist and Demonstrator in Chemistry, Guy’s Hospital and The 
‘Technical Institute, E. 17. Inventor of a Constant Cell, see Junior Mechanic, 
May, 1921. (Signed by) W. H. Collier, H. L. Long, E. C. Edgar. 

Eaton, FREDERICK JOHN, Ph.D. (Edin.), B.Sc. (Edin.), A.I.C., Chemical 
Laboratory, Gas Light and Coke Coy., Horseferry Rd., Westminster. British. 
Research Chemist, Gas Light and Coke Coy. Formerly part time Assistant 
Dept. of Medical Chemistry, Univ. of Edinburgh, and Research Student under 
Prof. Barger, F.R.S., Univ. of Edinburgh. Paper on “ Blue Adsorption 
Compounds of Iodine,” accepted 9th Sept., 1924. (Signed by) George Barger, 
Ellen Field, John E. Mackenzie. 

Epwarps, Grorcre ALFrRep, 21, Crystal Palace Rd., London, S.E. 22. 
British. Demonstrator in Chemistry, King’s College, London University. 
B.A. Oxon., First Class Honours in Chemistry. B.Sc. Oxon. Demonstrator 
in Chemistry at King’s College, London University. Joint author of ‘‘ Amino- 
derivatives of Tetrahydrocarbazole.” (Signed by) Samuel Smiles, A. J. 
Allmand, E. W. McClelland, Frank W. Stoyle. 

EMELEvS, Harry Juuius, Battle, ‘Sussex. British. Student. Research 
Student at Imperial College of Science and Technology. Graduate of London 
University. Chemistry (Ist Class Hons.). A.R.C.S. (Ist Class Chemistry). 
(Signed by) H. B. Baker, M. A. Whiteley, M. Carlton. 

EspaILte, RatepH MarGrRave, the Lytle Coal Co., Ltd., Minerville, Pa., 
U.S.A. British. Chemist to the Lytle Coal Co., Ltd., Minerville, Pa., 
U.S.A. Trained at Finsbury Technical College, 1919-1923. Desires to 
receive the publications of the Chemical Society. Awarded Diploma, July, 
1922, A.C.G.F.C. (Signed by) A. J. Hale, H. M. Atkinson, R. J. Seal. 

_ Frack, Epwarp Hues Sr. Curate, 9, Bridge Street, Cambridge. British 
born subject. Research Student in Organic Chemistry, Univ. of Cambridge. 
M.Sc. (Univ. of 8. Africa).. (Signed by) W. J. Pope, W. H. Mills, R. C, Odams. 
_ Foorner, Henry Bert, Great Dean, nr. Christchurch, Hants. British. 
Chemist. B.Sc. (Lond.), Ist Hons. Chemistry. 1922-1924, Research work 
Mm reactions of Alkyl Thiosulphates and Allied Compounds—publication 
vending. (Signed by) Samuel Smiles, C. Montague Bere, Hubert Painter. 

_ GroGHEGAN, Drsmonp, 13, Port View, Heavitree, Exeter. British. 
Analytical Chemist. Three years pupil-assistant to T. Tickle, Esq., Devon 
Jounty Analyst; two and a half years’ experience in Practical Organic 
themistry and General Chemical Analysis at University College, Exeter, 
mder Prof. W. H. Lewis. Educated at Sherborne School, Dorset, and at 
Youai School, Berks. Desire Fellowship, to have use of the Library, and 
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to keep in touch with modern research through the publications of the 
Society. (Signed by) Thomas Tickle, 8. Glasstone, F. Southerden, R. King, 
W. H. Lewis. 

GipBy, CLirron Witttam, ‘‘ The Rise,’’ Foxley Lane, Purley, Surrey. 
British. Research Worker in Chemistry. Three years’ study of Chemistry 
at University College, London, including a year’s research with Professor 
Irvine Masson. Honours B.Se. in Chemistry. A.I.C. by Exam. Now 
appointed Research Assistant to Mr. A. C. Egerton, at the Clarendon Labor- 
atory, Oxford. (Signed by) F. G. Donnan, Henry Terrey, L. F. Gilbert. 

GiBson, REGINALD OswALp, 41, Peak Hill, Sydenham, 8.E. 26. British, 
Research Chemist. Bachelor of Science (London), 1924. Associate of the 
Institute of Chemistry, 1924. (Signed by) F. G. Donnan, W. E. Garner, 
O. L. Brady, I. E. Weber, V. W. Slater. 

GIMINGHAM, CONRAD THEODORE (F.I.C.), Haddon House, Aarenbury Lane, 
Harpenden, Herts. British. Research Chemist, Insecticides and Fungicides 
Dept., Rothamsted Experimental Station, Harpenden, Herts. Research 
and Advisory Work in Agric. Chemistry at University of Bristol, 1909-1919. 
Research Work, Chemical Warfare Dept., 1916-1919. Chemist, Research 
Dept., Olympia Agric. Co., 1920-1923. Since then at Rothamsted Experi- 
mental Station. Various papers on Agric. Chem. subjects in Jour. Agric. 
Sci., Ann. App. Biol., etc. (Signed by) E. J. Russell, H. J. Page, H. W. 
Dudley. 

GOODSPEED, JONATHAN, 36, Vicarage Lane, East Ham, E.6. Student. 
Chemistry Student at East London College. (Signed by) J. R. Partington, 
EK. E. Turner, B. D. Shaw. 

GREENHALGH, RICHARD, 139, Stuart Street, Clayton, Manchester. British. 
Research work at Manchester University for M.Sc. Degree. Degree of 
B.Se. in Chemistry Honours at Manchester University, Class II, Division I. 
(Signed by) Arthur Lapworth, Henry Stephen, Frederick Challenger, Fred 
Fairbrother, Colin Campbell. 

GRIFFITH, ROBERT OwEN, Muspratt Laboratory of Physical Chemistry, 
Liverpool University. British. Lecturer in Physical Chemistry, Liverpool 
University. B.Sce., lst Class Hons. Chem. (Liverpool), 1914; M.Sc., 1915; 
A.I.C., 1915-1918. Chemist under D.I.H.E., Liverpool. 1919, Lecturer in 
Physical Chemistry, Liverpool University. Publications: “ Einstein’s Law 
of the Photochemical Equivalent,’ Appendix VII. Lewis’s “‘ System of 
Physical Chemistry,” Vol. 3, 3rd edition. Sections “Chemical Equilibrium ” 
and ‘“ Reaction Velocity’ in ‘“‘ Tables Annuelles de Constanter,’ Vol. 5 
(in print). Papers in J.C.S.: (1) 1916, 109, 67; (2) 1917, 111, 389; (3) 1921, 
119, 1948; (4) 1923, 123, 2752; (5) 1923, 128, 2767. Also Trans. Faraday 
Soc., 1921, 17, 525. (Signed by) W. C. M. Lewis, F. C. Guthrie, E. C. C. 
Baly, I. M. Heilbron. 

Hattwoop, ANTHONY JAMES, Hazel Bank, Hazel Road, Altrincham. 
British. Research Chemist in the British Dyestuffs Corporation, Ltd., 
Manchester. Formerly on the manufacturing staff of the same Corporation. 
B.Sc. with Ist Class Honours in Physics (Manchester University). Signed 
by) W. H. Perkin, G. R. Clemo, S. C. Bate. 

Hiscocks, Epwarp StTantey, 5, Rosehill, Swansea. British. Research 
Student, Chemistry Dept., University College, Swansea. Part-time Lecturer 
in Chemistry to the Municipal Technical College, Swansea. Hons. Graduate 
(Wales) in Chemistry. Part-time Lecturer in Physical and Inorganic 
Chemistry to the Municipal Technical College, Swansea. (Signed by) J. HE. 
Coates, Leonard E. Hinkel, Ernest E. Ayling. 
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Hopeson, Hersert Henry, M.A. (Cambridge), B.Sc. (London), Ph.D. 
( Heidelberg), F.I.C., 136, Paley Road, Bradford. British. Head of Colour 
Chemistry Dept., Technical College, Huddersfield, since Sept. 1918. Previous 
posts, 1908-1912, Lecturer and Research Chemist, Technical College, Brad- 
ford; 1912-1915, Head of Chemical Dept., Northern Polytechnic Institute, 
London, N.; 1915-1918, Chief Chemist to Messrs. Brotherton & Co. at 
Birmingham and Stourton (Leeds). Papers: (1) ‘‘ Dissertation,” Heidel- 
berg, 1908; (2) ‘Some Reactions of Phenyl Iodide, Chloride, and Iodoso- 
benzene Acetate,” Proc. Camb. Phil. Soc., 1908; (3) “ Isomere organische 
Magnesiumverbindungen ”’ (with J. Schmidlin), Ber., 41, 430-437; (4) “ Tri- 
phenylessigsiure und Tritolylessigsiure ’’ (with J. Schmidlin), Ber., 41, 438- 
447; (5) “The Iodination of Phenols, etc.”? (with W. M. Gardner), J.C.S., 
1909, 95, 1819-1827; (6) ‘‘ The Development of Sulphuric Acid from Sulphide 
Dyestuffs and from Free Sulphur ’”’ (with W. M. Gardner), J. Soc. Chem. 
Ind., 1910; (7) ‘‘ The Action of Sulphur on Amines. Part I. o0-Toluidine,” 
J.C.S., 1912, 101, 1693-1701; (8) ‘‘The Action of Sulphur on Amines. 
Part II. Aniline,” J.C.S., 1914, 105, 952-956; (9) “* Nitrosation of Phenols. 
Part I. 3-Chloro-4-nitrosophenol and its Conversion into Two Isomeric 
Chloroquinone Monoximes ” (with F. H. Moore), J.C.S., 1923, 128, 2499- 
2507; (10) “The Preparation of 2- and 4-Nitro-l-naphthols” (with E. 
Kilner), J.C.S., 1924, 125, 808-811; (11) “‘ Direct Sulphuration of Aniline,”’ 
J.C.8., 1924, 125, 1855-1858; (12) ‘‘ Mononitration of p-Chlorotoluene ”’ 
(with P. Anderson), J.C.S., Oct. Notes, 1924; 4 papers now before the 
Publication Committee. Patents : Some New Sulphur Compounds and Dye- 
stuffs therefrom, 1912; Preparation of Meta Halogenated Phenols, Brit. 
Pat. 200714; Preparation of Dihalogenated Fluoranes, Brit. Pat. 205254; 
Preparation of Tautomers of Nitroso-m-halogenated Phenols, Brit. Pat. 
206734; 2 now filing on m-Hydroxybenzaldehyde and Azo Dyestuffs from 
Alkyl Thiol Amines. (Signed by) James Bruce, L. Gordon Paul, R. W. 
Merriman. 

Hucues, Davin, 18, Holmes Grove, Westbury on Trym, Bristol. British. 
Chemist. At present on the Staff of British Colloids, Ltd. Passed Qualifying 
Examination of the Pharmaceutical Society, 1894. Engaged for 10 years 
in Chemical and Clinical Laboratory Work on my own account in Bath and 
Clifton. Studied Bacteriology under Prof. Stanley Kent, Bristol University. 
Co-operated with Dr. A. L. Flemming, Bristol, in a monograph on the Spectro- 
scopic Examination of Blood in Ethyl Chloride Anesthesia. Desirous of 
keeping up to date in developments of Chemical Science and to be allowed 
the privilege of the Library. (Signed by) John Macvie Hill, Archibald Mac- 
pherson, John F. Ward, Geo. A. Turner. 

Hucues, KatrHuren Harriet, 8, Ormiston Drive, Knock, Belfast. 
British. Lecturer in Pure and Applied Chemistry, Municipal College of 
Technology, Belfast. Lecturer in Chemistry, M.C.T.B., 1920-1924. Tem- 
porary Assistant Chemist, Government Laboratory, Strand, 1917-1920. 
(Signed by) Henry Wren, Theophilus Harper, James W. Porter. 

Hunt, ARTHUR FREDERICK, 6, Seabrooke Cottages, Front Lane, Cranham 
{nr. Upminster), Essex. Chemical Research Student. B.Sc. (Lond.), Ist 
Class Hons. Research Student at East London College under Dr. E. E. 
Turner. (Signed by) J. R. Partington, Elwyn Roberts, D.C. Jones, KE. EK. Turner. 

IncHam, Bertram Hopart, Yew Bank, Langham Rd., Bowdon, Cheshire. 
British. Research Student. B.Sc. Hons., Victoria University, Manchester 
(Signed by) Arthur Lapworth, F. P. Burt, J. E. Myers, Henry Stephen, 
R. Robinson. 
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JoHNson, JoHN Dosney, 6, Edward St., Loughborough, Leics. British. 
Research Student. B.Sc. Hons., London. Royal Scholar. Research 
Student. (Signed by) Jocelyn Thorpe, M. A. Whiteley, G. A. R. Kon, 
Arnold Stevenson. 

JOHNSON, WILFORD JoRDAYNE, ‘‘ Devanha,” South Rd., Brighton Beach, 
Victoria. Licensed Gold Assayer and Chemical Analyst. Associate, 
Australian Chemical Institute. 1913-1922 (except for War Service), 
Assistant to Mr. Henry W. Levy, Assayer and Metallurgical Chemist, Mel 


bourne, Australia. September 1922 to date, in partnership with Mr. Henry — 


W. Levy, in private practice as Assayers and Metallurgical Chemists. (Signed 
by) D. O. Shiels, Henry W. Levy, Robert Law. ° 

JONES, CEcIL BRELLISFORD Oaxus, Old Sewage Works, Whitley, Coventry. 
British. Analytical Chemist to the Coventry City Council. Four years 
assistant to W. D. Scouller, Esq., M.Sc., A.I.C., F.C.S. Ten years chief 
assistant to John Haworth, Esq., F.1.C., F.C.S. Author of “ Sewage Works 
Analyses ” (Surveyor, April 25th, 1924). (Signed by) John Haworth, W. D. 
Scouller, James H. Kershaw. 
_ JONES, WILLIAM WENALLT, 19, White Hart Lane, Wood Green, N. 22. 
British. Assist. Chemist, The British Drug Houses, Ltd., Graham St., City. 
Road, N.1. B.Sc. Wales, June 1922; 2nd Class Honours Chemistry. M.Sc. 
Wales, June 1924. One session’s Research Experience at the University 
College of North Wales, Bangor. (Signed by) Francis H. Carr, Charles Alex. 
Hill, S. Sugden. ‘tive 

KENNEDY, ALAN RicHMonpD, 88, Sellons Avenue, Harlesden, N.W. 10. 
British. Assistant Chemist (Thomas de la Rue & Co., 110, Bunhill Row,,. 
E.C.). Undergraduate (University of London) in Faculty of Science (gradua- 
tion, 1925). Employed in commercial Laboratory (founded by Dr. Hugo 
Miller). Desirous of receiving Society’s literature concerning particularly 
modern researches in Organic Chemistry. (Signed by) Hubert L. Lucking, 
P. C. L. Thorne, E. de Barry Barnett, Henry J. S. Sand. 
_ Kenyon, Franx, Power Station, Creekmouth, Barking, Essex. British. 
Chemist to the New Electrical Station, Barking, County of London Electric 
Supply Co., Ltd. Associate of the Institute of Chemistry, Branch D. 
(Signed by) J. Kenyon, J. L. White, Harold Hunter. 
~ Kine, Freprerick Ernest, 101, Cavendish Road, Highams Park, Essex. 
British. Student (Research at East London College). (Signed by) J. R. 
Partington, E. E. Turner, D. C. Jones. 

Kwort, Eric, 21, West Richmond S&t., Edinburgh. British. Lecturer 
in Chemistry and Physics at the Royal Dispensary and School of Pharmacy 
of Edinburgh. Student of the Royal Dispensary and School of Pharmacy 
of Edinburgh, 1919-21, from which place I obtained the Qualifying Cer- 
tificate of the Pharmaceutical Society and also the Diploma of Pharma- 
ceutical Chemist. For past three years engaged as Lecturer at above 
School in Chemistry and Physics. (Signed by) Russell G. Thin, A. Scott 
Dodd, William Duncan. 
_ Kracovsx1, Jacos, 11, Ernest St., London, E. 1. English. Research 
Student. B.Se., Ist Class Hons. in Chemistry. At present engaged in 
research. (Signed by) Jocelyn Thorpe, G. A. R. Kon, M. A. Whiteley, E. H. 
Farmer. 
_ LAMBOURNE, HERBERT, 44, Brighton Road, 8S. Croydon, Surrey. British. 
Head of the Chemistry Dept., Borough Polytechnic Institute, Borough Road, 


S.E.1. Late Senior Lecturer in Orgenic Chemistry, University College, 


Nottingham. Research work on ‘ Quinaldine and Derivatives,” “ Methyl- 


‘me 2) ee 
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stannonic Acid and Derivatives.’’ M.A. (Cantab.), M.Sc. (Lond.), F.I.C. 
(Signed by) F. 8. Kipping, J. B. Firth, E. B. R. Prideaux, F. C. Laxton. 

Laws, JOHN JosEPH, 45, Fulham Rd., South Kensington. English. 
Chemist, Dentist, and Optician. Holding the Qualifying Certificate of the 
Pharmaceutical Society of G.B. (Lond.). Hon. Treasurer of the Chemists’ 
Dental Society of Great Britain and Ireland (Reg. No. 15073). Hon. Gen. 
Secretary of the Institute of Chemists and Opticians. Examiner in 
Refraction to the Institute of Chemists and Opticians. Member of the 
Public Dental Services. At one time principal of the West End College of 
Chemistry and Pharmacy. Private tutor of Chemistry for many years, 
_ (Signed by) Percy Barrs, Robert W. Lindsey, James Harry Smith, Frank B. 

Arnold. 

Le Fevre, RayMonpD JAMES Woop, 17, Broadway Avenue, St. Margarets, 
Twickenham, Mdx. British. University Undergraduate. Chemistry 
Student, East London College (2nd year of final). (Signed by) J. R. Parting- 
ton, E. E. Turner, B. D. Shaw. 

LEIPER, ALEXANDER JOHN Srmpson, 74, Whitworth Road, South Norwood, 
London, S8.E. 25. Scottish. Chemist. I wish to join the Chemical Society 
in order to keep in touch with up-to-date research and proceedings. I am 
an Associate of the Royal College of Science in Chemistry. (Signed by) 
M. A. Whiteley, Jocelyn Thorpe, James C. Philip. 

LENNANE, ALFRED JAMES ANDREW, 22, Ryder St., St. James’s, S.W. 1. 
British. Physician and Surgeon. Formerly Opium Analyst to the Indian 
Government. M.R.C.S8., L.R.C.P. (Signed by) Frank Radcliffe, Thos. R. 
Owles, Samuel Gray Fenton. 

Litf£y, FREDERICK WILLIAM, 41, Beaconsfield Rd., West Croydon. British. 
Assistant, Croydon Borough Analyst. Student at King’s College, London. 
2 Years assistant to Croydon Borough Analyst. (Signed by) Lester Reed, 
Eric K. Rideal, Ed. Hinks. 

Lunt, JAMES GILBERT, 17, York Avenue, Sefton Park, Liverpool. British. 
B.Se. of Liverpool. Chemical Analysis, c/o Anglo-South American Meat Co., 
San Martin 235, Buenos Aires, Argentina. (Signed by) I. M. Heilbron, 
William Doran, Stanley J. C. Snedker. 

McVicker, Wi~tIAM Hamitton, 45, Wellington Park, Belfast. British. 
Chemical Research Student. B.Sc. (1st Class Honours), and M.Sc., Queen’s 
University of Belfast. Musgrave Research Student, Queen’s University of 
Belfast, 1923-25. Joint author of 7 papers as follows: J.C.S., 1238, 642, 817, 
$20, 2147; 125, 1743; J. Amer. C. S., XLVI, 1351; Phil. Mag., XLVIII, 
628. (Signed by) A. Killen Macbeth, Ernest W. McClelland, A. W. Stewart, 
J. K. Marsh, H. Graham. 

Mann, Tuomas, Alexander Terrace, Bransty, Whitehaven. British. 
Partner in firm of Hellon and Mann, Analytical and Consulting Chemists, 
Whitehaven. (Signed by) G. W. Martin, C. A. Mitchell, Bernard Dyer. 

MASCARENHAS, VINCENT MARK, Bangalore. Indian Christian. Student, 
Indian Institute of Science, Bangalore. Bachelor of Arts of the University 
of Mysore with Chemistry as a main subject. Completed the work on the 
Chemistry of Indian Black Mustard Seed Oil, and that of Malabar Tallow 
(Vateria Indica) awaiting publication in the Journal of the Indian Institute 
of Science. (Signed by) J. J. Sudborough, M. O. Forster, Roland V. 
Norris. 

Mites, Frank Dovuetas, Caldwell Road, West Kilbride, Ayrshire. English. 
Research Chemist. Asst. Lecturer in Inorganic Chemistry, Heriot-Watt 
College, Edinburgh, 1909-1915. ‘Service in Dept. of Explosives Supply, 
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1915-1919. Senior Research Chemist, H.M. Factory, Gretna. Chief 
Research Chemist, Messrs. Burt, Boulton, and Haywood, 1919-1922. At 
present a member of the Research Section of Nobel Industries, Ltd. Pub- 
ications : ‘“‘ Egyptian Blue,” with H. P. Laurie and W. F. P. McLintock, 
Proc, Roy. Soc., 1914. Also papers in Proc. Roy. Soc. Edin. (two, 1915), 
and in Journ. Soc. Chem. Ind., 1920 and 1922. ‘‘ A Volumetric Method for 
the Estimation of Lead,” J.C.S., 1915, 107, 988; ‘The Solubility of 
Sulphur Dioxide in Sulphuric Acids”? (with J. Fenton), J.C.S., 1920, 
117, 59. Also author of forthcoming volume of Lunge’s “ Sulphuric Acid 
and Alkali” entitled, “‘ Sulphuric Acid—Contact Process.” (Signed by) John 
Weir, Norman Picton, W. Young. 

NIGHTINGALE, Epwarp Arruur, 39, Pacific Rd., Fords Park Rd., Canning 
Town, E.16. British. Commercial Analytical Chemist, Messrs. Burt, 
Boulton, and Heywood, Ltd., Coal Tar and Creosote Works, Silvertown, 
1918-1920. Messrs. Pinchin, Johnson & Co., Paint and Varnish Manu- 
facturers, Silvertown, 1920. Student at Borough Polytechnic for Paints, 
Oils, and Colours. Student at East Ham Technical College, Chemistry, 
6 years’ course. City and Guilds of London Institute, Coal Tar, Ist Class 
certificate. (Signed by) R. W. Griffiths, W. H. Barker, W. T. Clough. 

OFFORD, FREDERICK WILLIAM, 66, Watford Road, Canning Town, London, 
E.16. English. Analytical Chemist. National Certificate in Chemistry, 
“ Higher ”’ or “ Advanced,” 1923. Worked under J. Bendix, F.I.C., F.C.S. 
(1915-1920). (Signed by) E. W. Griffiths, E. G. Churchill, W. H. Barker. 

OutTRipGE, Lionet Epwarp, “ Fernhurst,’’ The Avenue, Chingford, Essex. 
British. Research Student. B.Sc. (London), Honours Chemistry. Re- 
search student at East London College under Dr. D. C. Jones. (Signed by) 
J. R. Partington, Elwyn Roberts, D. C. Jones, E. E. Turner. 

PARKER, THOMAS WessTER, Mildenhall, Suffolk. British. Chemist. 
Student at the Royal College of Science (London), 1919-23. A.R.C.S., 1921. 
Chemist to the Dartmoor China Clay Co. (Signed by) James O. Philip, 
M. B. Donald, A. B. P. Page. 

PARKER, WILLIAM Baytey, F.I.C., 3, Murray Road, Rugby, Warwick- 
shire. Chief Chemist (Research and Works), The British Thomson- 
Houston Co., Ltd., Rugby. Chief Chemist to B.T.H. from April 1902, and 
Author of “ Specifications for Foundry Pig Irons,” Pt. I and IL., Proceedings 
British Foundrymens’ Association, 1912-13 and 1906; ‘* Specifications for 
Alloys for High Speed Superheated Steam Turbine Blading,”’ Jnl. Inst. of 
Metals, No. 2, 1915; ‘‘ Purchasing Specifications for Resins and Shellac,” 
Jnl. Oil and Colour Chemists’ Association, Vol. V, 1922; ‘ Variation of 
Refractive Index and Density of Benzene with Temperature,” W. B. Parker 
and G. Thompson, Trans. Chem. Soc., 1922, Vol. 121. (Signed by) Perey 
F.. Frankland, 8. Judd Lewis, Gartha Thompson. 

Parsons, Stuart Russet, 65, Oakfield Road, Ilford. Research Student 
(Chemistry). B.Sc. (Lond.), Honours Chemistry. A.I.C. Research student 
at East London College, under Dr. E. E. Turner. (Signed by) J. R. Parting- 
ton, Elwyn Roberts, D. C. Jones, E. E. Turner. 

Payne, Witt1am Samuet, Moseley House, Rounds Green, Oldbury. 
English. Chemist. 5 years Laboratory Steward, Oldbury Secondary 
Schools. 3 years Laboratory Steward, Oldbury Technical Schools. 2 years 
Demonstrator and Assistant Chemistry Master, Oldbury Technical Schools. 
U.E.I. Certificate in Advanced Inorganic and Physical Chemistry, 1924. 
(Signed by) John G. Clarke, C. Mansfield Swain, E. Pritchett. 

Pierson, KENNETH JOHN, 105, Winterbourne Road, Thornton Heath. 
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British. Two years Assistant to the Croydon Borough Analyst. (Signed by) 
Lester Reed, Ed. Hinks, Henry P. Stevens. 

Prez, Ricnarp Epwiy, 6, Haymarket, London, §8.W.1. British. 
Student. Pass B.Sc. (Lond.). Studying for Honours at Royal College 
of Science since October, 1923. (Signed by) H. B. Baker, H. F, Harwood, 
M. A. Whiteley, James C. Philip. 

PLtuMBRIDGE, Dovetas Vicror, 21, Heathfield Rd., Wavertree, Liverpool. 
British. Research Chemist. Ph.D. (Munich). A.R.C.Sc. (London). A.LC. 
On the staff of the Chemical Dept., Messrs. The Salt Union, Ltd., Western 
Point, Cheshire. (Signed by) A. Bramley, Norman M. Comber, James C. 
Philip. 

Preston, Joun Massey, The Dower House, Euxton, Chorley, Lancs. 
British. Private Research in Chemistry. B.Sc., 2nd Class Hons. Chem. 
(Liv.). A.I.C. (Signed by) E. C. C. Baly, H. Rogerson, F. C. Guthrie. 

Raper, Ricwarp, 12, Mill Lane, Cambridge. British. Research Student, 
Ist Class Honours in Nat. Sci. Tripos, Parts I and II (Chemistry) of Cam- 
bridge University, ‘Two years’ research work under Dr. Mills, F.R.S., and 
two years’ experience as Demonstrator in Cambridge University Chemical 
Laboratory. (Signed by) W. J. Pope, W. H. Mills, H. R. Stevens. 

Rote, Joun FreDERIcK JAmeEs, 29, Alexandra Road, East Ham, E. 6. 
Research Student. Have passed the B.Sc. Hons. examination in Chemistry 
of London University, and I am undertaking Research Work under Professor 
Partington. (Signed by) J. R. Partington, W. H. Patterson, E. E. Turner. 

Scorau, Lestin ViviaAN DonaLp, 139, Dodworth Road, Barnsley (Yorks). 
British. Research Student. B.Sc. (Hons. Chem.) Sheffield. A.I.C. (Signed 
by) W. P. Wynne, G. M. Bennett, F. G. Tryhorn, Arthur W. Chapman. 

SHEPPARD, GEORGE FREDERICK, 72, Mortlake Rd., Kew Gardens, Surrey. 
British. Chemist, Cl. II. Department of Government Chemist. Position 
as above. Student, Royal College of Science, London, 1900-2, passed 
examinations of the Associateship Course in Chemistry for Revenue Students. 
Past experience: Analytical work in above Department since November, 
1902. (Signed by) Thos. J. Cheater, W. Williamson, Robert Robertson, 
Geo. Stubbs. 

SHEVLIN, JosePpH Tuomas, ‘ Corwen,’’ Frederick Road, Wylde Green, 
Birmingham. British. Patent Agent. Associate of the Chartered Institute 
of Patent Agents. Associate of the Institute of Physics. Associate of the 
Institution of Electrical Engineers. Fellow Physical Society of London. I 
am desirous of becoming a Fellow of the Society in order that I may be 
well versed in the more recent developments in Chemistry. (Signed by) 
G. G. Henderson, F. J. Wilson, E. W. Moss. 

SmetuurRsT, ARTHUR FREDERICK, Nippon, Cedar Road, Sutton, Surrey. 
British. Undergraduate. Student in Chemistry at the Royal College of 
Science since October, 1922. (Signed by) H. B. Baker, H. F. Harwood, 
M. A. Whiteley, James C. Philip. 

Smewine, Eraen Minnig, 42, Park Avenue South, Crouch End, N. 8. 
British. Teacher. B.Sc. Hons. Chem. (Lond.). Teacher of Chemistry. 
(Signed by) J. F. Spencer, M. 8. Crewdson, H. Crompton. 

Smira, ALTON Ewart CLARENCE, Breydon, Oakmount Avenue, Southamp- 
ton. British. Lecturer in Physical Chemistry, University College of 
Southampton. Lecturer as above since 1919. (Signed by) D. BR. Boyd, 
C. K. Ingold, C. F. Cross. 

Snetus, SuzaAnNE Mase Lavinia, 67, Elgin Mansions, W.9. British. 
Analytical and’Consulting Chemist. Member_of the Pharmaceutical Society 
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Associate of the Institute of Chemistry. Senior Analyst to Messrs. Parke 
Davis & Co. Chemist in Charge to Messrs. J. C. Arnfield & Sons. Assistant 
Research worker, Dr. F. W. Passmore. (Signed by) P. C. L. Thorne, E. de 
Barry Barnett, Henry J. 8. Sand. 

SPreRSs,. CLAUDE Hyman, 34, Brondesbury Road, N.W.6. British. 
Research Chemist. M.A. (Cambridge). B.Se. (London). Ph.D. (Cam- 
bridge). 7., 1924, 125, 450. (Signed by) Jocelyn Thorpe, Arnold Stevenson, 
G. A. R. Kon, H. M. Spiers. . 

STERN, Harotp Jacos, 17, Croxteth Grove, Sefton Park, Liverpool. 
British. Chemist to firm of paper stainers. Research on Photosynthesis, 
Liverpool University, 1921-22. Research in Organic Chemistry under 
Prof. W. H. Perkin, Oxford, 1922-24. B.Sc. (Hons. Chem.), Liv., 1921. 
Ph.D., Liv., 1923. B.Sc., Oxon., 1924. Baly, Heilbron, and Stern, 1923, 
128, 185. (Signed by) W. H. Perkin, Fredk. A. Mason, G. R. Clemo, S. G. P. 
Plant, E. Hope, F. Raymond Ing. 

STILL, CHARLES JAMES, 50, Queen’s Parade, Bangor, Co. Down. British. 
Lecturer in Bleaching and Dyeing, Municipal College of Technology, Belfast. 
B.Sc. (Lond.); M.Sc. and Ph.D. (Queen’s Univ., Belfast). Joint author of 
several communications (in collaboration with Dr. Henry Wren) on Diphenyl- 
succinic Acids, published in J. Chem. Soc. (Signed by) Henry Wren, James 
W. Porter, Theophilus Harper. 

SYED, MoHAMMAD Hassan, Rupar (Amballa), India. Indian Mukam- 
madan. Demonstrator, Maclagan Engineering College, Lahore, India. 
B.Se. (Chemistry), Punjab University. Desirous of being in touch with the 
recent work in Chemistry. (Signed by) 8. D. Muzaffar, S. J. Kohli, Edwin 
Theodore Dean. 

THomas, Mary Bearrice, Girton College, Cambridge. Lecturer in 
Chemistry and Director of Studies in Natural Sciences. Lecturer in Chemistry, 
Girton College, Cambridge. (Signed by) W. J. Pope, F. G. Hopkins, A. 
Hutchinson. 

Trims, Eric SPpeNcER, 96, Grange Park Rd., Thornton Heath. Research 
Student (Chemistry). B.Sc. (London), Honours Chemistry. Research 
Student at East London College under Dr. D. C. Jones. (Signed by) J. R. 
Partington, Elwyn Roberts, D. C. Jones, E. E. Turner. 

TITTERINGTON, Eric, Abdine Palace, Cairo, Egypt. British. Private 
Chemist to H.M. the King of Egypt. Member of the Pharmaceutical Society 
of Great Britain. Engaged in the examination of food and all drugs used 
in the household of His Majesty. Attached to the Medical Staff of His 
Majesty for Physiological work. Appointed Examiner in Chemistry to the 
Cairo Medical School, 1924. (Signed by) Ayerst Henham Hooker, W. Morris 
Colles, C. S. Gibson. 

TupHorr, THomas Martin Arrxen, 8, Anson Road, Tufnell Park, London, 
N. 7. British. Temporary Assistant Chemist in the Government Labor- 
atory. B.Sc. (St. Andrews), with Special Distinction in Chemistry. Ph.D. 
(St. Andrews). Carnegie Research Scholar for two years (sessions 1921- 
1923). Engaged in Chemical Research at University College, Dundee, for 
three years. ‘Optically Active B-Phthalimino-8-phenylpropiophenones,” 
McKenzie and Tudhope, J.C.S., 1924, 125, 923. (Signed by) Robert 
Robertson, Geo. Stubbs, J. J. Fox. 

Vass, CHARLES CyrriIL NorrRey, ‘ Holmleigh,’”’ Harboro’ Rd., Kingsthorpe, 
Northampton. British. Student. B.Sc. Ordinary (Leeds, 1924). (Signed 
by) C. K. Ingold, P. K. Dutt, W. A. Wightman, H. M. Dawson, R. Whytlaw- 
Gray. . oh 
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VILLAGE, JOHN Harry, 61, Broxholme Lane, Doncaster. British. 
Chemist. B.Sc. Hons. (Lond.). For 5 years engaged as Assistant Chemist 
by the Koppers’ Coke Oven Co. under G. E. Foxwell, M.Sc., A.Inst.P., 
F.C.S. Here I have assisted in numerous researches on coal and its by- 
products. Now in charge of Laboratory. (Signed by) G. E. Foxwell, P. G. 
Mander, G. D. Crosley. 

VocEL, Isrant, 16, Wellclose Square, London, E.1. Research Student 
in Chemistry at the East London College. B.Sc., 1st Class Honours Chemistry. 
Neil Arnott Scholar and Bronze Medallist in Chemistry of the University of 
London. Author of ‘‘ The Constitution of the Thionic Acids,’’ Chem. News. 
' 128, 325-327, 342-345, 361 (1924). (Signed by) J. R. Partington, E. E. 
Turner, D. C. Jones. 

Wison, Joun, 115, Canterbury Rd., North Harrow. British. Student 
engaged in Biochemical Research, Imperial College of Science and Technology, 
M.Sc. (Sheffield). (Signed by) 8S. B. Schryver, Harold Mastin, J. Knaggs. 

Waker, NELLIE, 15, Fintry Place, Broughty Ferry, Forfarshire. Lecturer 
in Chemistry, University College, Dundee (University of St. Andrews). 
M.A., B.Sc., Ph.D. (St. Andrews). Conjoint author of the following papers 
in the Journal of the Chemical Society: J.C.S., 1914, 105, 1131; J.CS., 
1915, 107, 1685; J.C.S., 1922, 121, 349; J.C.S., 1923, 128, 2875. (Signed by) 
Alex. McKenzie, J. C. Irvine, John 8. W. Boyle. 

Warp, Witi1am JosepH Victor, 41, Marlowe Rd., Cambridge. English. 
Research Student. 1st Class Natural Sciences Tripos, Part II, Chemistry 
1924, Cambridge. (Signed by) W. J. Pope, W. G. Palmer, W. H. Mills. 

Wuter, JAmes Ewart, 15, St. John’s St., Longsight, Manchester. Pharm- 
acist. Student of the Institute of Chemistry. Fellow of the Biochemical 
Society. Fellow of the Royal Microscopical Society. Member of the Society 
of Chemical Industry. (Signed by) Henry Garnett, Harry Brindle, Chas. 
Turner. 

WHITEHEAD, ALAN Dovguas, “ Trevorian,’ 90, West Hill, Putney, 
S.W.15. British. Chemist. Student in Dept. of Chemistry, University 
College, London, Sessions 1921-22, 1922-23, 1923-24. B.Sc. (Lond.), 
Honours in Chemistry. (Signed by) F. G. Donnan, A. Greeves, W. E. Garner. 

Wittiams, Lestiz THomas Dovetas, 23, Queen’s Gate Gardens, S.W. 7. 
British. Student. Associateship of the Royal College of Science. I am 
now performing research at the above college and am desirous of keeping 
abreast with modern progress in science. (Signed by) G. A. R. Kon, M. A. 
Whiteley, H. L. Riley. 

Wyvupe, Jonn Henry, 203, Boleyn Rd., Forest Gate, E.7. English. 
Asst. Chemist, Laboratory of the Gas Light and Coke Coy, Stratford Station. 
Student at the East Ham Tech. College. National Cert. in Chemistry, 
Part-time Course, Higher or Advanced (distinction Inorganic Chemistry). 
City and Guilds of .London, Gas Engineering, Ordinary and Honours. 
(Signed by) E. W. Griffiths, W. H. Barker, W. T. Clough. 

YaRSLEY, Vicror EMMANUEL, The View, Highfield, Chasetown, nr. 
Walsall. British. Salter Research Fellow, 1924. B.Sc., lst Hons., School 
of Chemistry, B’ham. Associate of the Institute of Chemistry. (Signed by) 
G. T. Morgan, H. D. K. Drew, C. E. Wood. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2). 


Narr, Sapasuiv ParasHuraM, Nair Building, Lamington Road, Bombay. 
Indian (British subject). Pharmaceutical Chemist, i/c. Powell’s Pharma- 
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ceutical and Chemical Laboratory. Ph.G. (Boston). Graduate of the 
Massachusetts College of Pharmacy, Boston, Mass. Member of the American 
Pharmaceutical Association. At present working on finding out the com- 
mercial utility of some of the indigenous plants. My aim in joining the 
Society is to come in contact with the members of the Society and enjoy 
the privileges given by the same. (Signed by) H. B. Tilden. 

San, Mouna Ba, B.A., 3, Stewart Road, Rangoon, Burma. Burmese. 
Assistant to the Chemical Examiner to the Government of Burma and 


Demonstrator in Physics and Chemistry at the Burma Government Medical — 


School, Rangoon. Graduate of Calcutta University (1911-12). Winner of 
Chemistry Prize (term 1911-12) in the then Govt. College, Rangoon, now 
the Rangoon University College. No publications yet. 11 years’ analytical 
experience in the Chemical Examiner’s Laboratory, comprising examination 
of Mineral Oils, Drugs, Foodstuffs, Public Water supplies, and also Toxi- 
cological and Medico-legal analysis as well as Analysis of Ores, Minerals, 
and other commodities. (Signed by) Thein Kin, William Dallas. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


ABDERHALDEN, Emil. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. III. Physikalisch-chemische Methoden, 
Teil A, Heft iv. Abt. XI. Methoden zur Erforschung der 
Leistungen des Pflanzenorganismus, Teil 3, Hefte i and ii. Berlin 
1924. Mk. 9, 9-60, 7-50. (Reed. 23/12/24.) 

From the Publishers: Herren Urban & Schwarzenberg. 

AMERICAN CERAMIC Society. Bibliography of magnesite 
refractories. Columbus 1924. pp. 8+ 41. (Reference.) 
Bibliography of silica refractories. Columbus 1924. pp. 125. 
( Reference.) From the Society. 

ANNALES DE CuimTE. Vols. II., LXIX., LXXXIT., LXXXITIT, 
Paris 1789, 1809, 1812. (for esi incon 

From Professor C. S. ahead 

BIRKBECK CoLLEGE. Centenary Lectures 1823—1923. London 
1924. pp. xiv +178. (Reed. 5/1/25.) From Dr. G. Senter. 

BRAME, JOHN SAMUEL STRAFFORD. Fuel: solid, liquid and 
gaseous. 38rdedition, London 1924. pp.xvi-+ 388. ill. 18s, net. 
(Recd. 19/11/24.) 

From the Publishers : Messrs. Edward Arnold & Co. 

Levy, STrantEy Isaac. The rare earths: their occurrence, 
chemistry and technology. 2nd edition. London 1924. pp. xvi + 
362. ill. 18s. net... (Recd. 19/11/24.) ; 

From the Publishers : Messrs. Edward Arnold & Co. 

Niger, Pauxt. Lehrbuch der Mineralogie. 2nd edition. I. 
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Allgemeine Mineralogie. Berlin 1924, pp. xvi+ 713. ill. Gm. 
24. (Recd. 18/12/24.) 
From the Publishers : Gebriider Borntraeger. 
Puystcat Soctrery or Lonpon, 1874—1924. Proceedings at the 
Jubilee Celebration Meetings, March 20, 21 and 22, 1924. [London 
1924.] pp. vi-+ 72. ill. (Reference.) From the Fleetway Press. 
Puysics in Inpustry. Lectures delivered before the Institute 
of Physics. Vol. II. By JoserpH Witi1am Mettor, A. E. Oxiey, 
and Cecm. Henry Descu. London 1924. pp. 48. ill. 3s. net. 


(Reed. 4/12/24.) 


From the Publishers : The Oxford University Press. 
REVUE G&NERALE DES CoLLoipEs et de leurs applications 
industrielles. Year I, etc. Paris 1923+. (Reference.) 
From the Faraday Society. 
Scuotz, ScHacuna Perisacu, Synthetic organic compounds. 
London 1925. pp. 412. ill. 45s. net. (Recd. 19/12/24.) 
From the Publishers : Messrs. Ernest Benn. 
Sypney TECHNICAL COLLEGE CHEMICAL Socrery. Journal and 
Proceedings for 1922. Vol. I. Sydney 1924. pp. 88. ill. (Re- 
ference.) From the Society. 
Tuoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. II. Part ii. Vol. III. 
Part i. Berlin 1924, pp. 288, 288. ill. Mk. 20.. (Recd. 
29 /12 /24.) 
From the Publishers : Herren Urban & Schwarzenberg. 
Urpain, Grorces. L’énergétique des réactions chimiques. 
Lecons professées a la Sorbonne. Paris [1924]. pp. vii + 268. 
ill. 25 fr. (Reed. 24/11/24.) 
. From the Publisher : M. Gaston Doin. 
WAALS, JOHANNES DERIK VAN DER. The continuity of the 
liquid and gaseous states. (From Physical Memoirs, 1890, 1.) 
pp. vi-+ [164]. (Recd. 18/12/24.) From Sir Richard Threlfall. 


II. By Purchase. 


Asu ’L-Qastm Munammap. Kitab al-‘ialm al-muktasab~ fi 
zira‘at adh-dhahab. Book of knowledge acquired concerning the 
cultivation of gold. The Arabic text edited with a translation and 
introduction by Ertc Jonn Hoxtmyarp Paris 1923. pp. vi + 
62 + 54. (Recd. 25/10/24.) 

Ancett, ANGELO. Die Analogien zwischen dem _ Verhalten 
einiger Derivate des Benzols und dem.der entsprechenden Derivate 


der aliphatischen Reihe. Translated from the Italian by Fritz 


—- 


Arnpt. (Sammlung, Vol. XXVIII.) Stuttgart 1924. 
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ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMists. Journal. 
Vol. VII., etc. Washington 1923 -L. (Reference.) , 

GEERLIGS, HenpRIK CoENRAAD Prinsen. Cane sugar and its 
manufacture. 2nd edition. London 1924. pp. x-+ 342. 20s, 
net. (Recd. 13/1/25.) 

GREAVES, RicHARD HEnry, and WRIGHTON, Haroxp. Practical 
microscopical metallography. London 1924. pp. x+ 125. ill, 
16s. net. (Recd. 24/11/24.) | 

HANDBUCH DER. BIOCHEMIE DES MENSCHEN UND DER TERE. 
Edited by Cart OPPENHEIMER. 2nd edition. Vol. I, etc., Jena 
1923 +. (Recd. 27/11/24.) 

Heyy, E. Die Theorie der Hisen-Kohlenstoff-Legierungen : 
Studien tiber das Erstarrungs- und Umwandlungsschaubild, nebst 
einem Anhang :—Kaltrecken und Gliihen nach dem Kaltrecken. 
Edited by E. Werzen. Berlin 1924. pp. vii-+ 186. ill. Gm. 12. 
(fecd. 4/12/24.) | 

Hiecins, SypNey Herperr. A history of bleaching. London 
1924. pp. vili-+ 176. ill. 10s. 6d. net. (Reed. 13/1/25.) 

INSTITUTION OF AUTOMOBILE ENGINEERS. Report of the Empire 
Motor Fuels Committee: embodying other allied researches. 
London [1924]. pp. xii-+ 352. ill. 10s. 6d. net. (Recd. 24/11/24.) 

INTERNATIONAL RUBBER CONFERENCE. The Rubber Conference, 
Brussels, 1924: being the Official Report . . . together with the 
papers read and the discussions thereon. London 1924. pp. 218. 
ill. 5s. net. (Recd. 25/11/24.) 

Kernt-JonEs, Dovetas Witt1am. Modern cereal chemistry. 
Liverpool 1924. pp. x+ 324. ill. 25s. net. (Recd. 24/11/24.) 

KILLEFFER, D. H. ~Eminent American chemists: a collection 
of portraits of eminent Americans in the field of chemistry from 
the earliest days of the Republic to the present, together with short 
sketches of the work of each. New York [1924]. pp. v + 33 +33 
portraits. (Reference.) 30s. net. 

Kisstineg, Ricuarp. Chemische Technologie des Erdéls und 
der ihm nahestehenden Naturerzeugnisse: Erdgas, Erdwachs und 
Erdpech (Asphalt). 2nd edition. Braunschweig 1924. pp. xviii + 
804, ill. Gm. 25. (Recd. 10/12/24.) 

Martin, Louis CtaupE. Optical measuring instruments: their 
construction, theory, and use. London 1924. pp. x + 270, ill. 
I7s. 6d. net. (Recd. 13/1/25.) | 

[Merck, Emi.] Merck’s Reagenzien-Verzeichnis: enthaltend 
die gebrauchlichen Reagenzien und Reaktionen geordnet nach 
Autorennamen. 5th edition. [Darmstadt] 1924. pp. vi-+ 656. 
(Reference.) Gm. 18. : oi 

Moorg, Ricuarp B. [and others]. Analytical methods for 


j 
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certain metals including cerium, thorium, molybdenum, tungsten, 

radium, uranium, vanadium, titanium, and zirconium. (Bureau 
of Mines Bulletin, No. 212.) Washington 1923. pp. xviii + 326. 
ill. 3s. 6d. net. (Recd. 29/12/24.) 

Orro, M. P. L’industrie des parfums daprés de la chimie 
moderne. Notations et formules. 2nd edition, Paris 1924. pp. 
xliv + 688. ill. 85 fr. (Recd. 5/12/24.) 

RaNDELL, Witrrip L. Michael Faraday (1791—1867). London 
1924. pp. 192. ill. 4s. 6d. net. (Reed. 24/11/24.) 

Ruska, Junius. Arabische Alchemisten. II. Ga*‘far alSadiq, der 
sechste Imaém. Mit einer Nachbildung der Handschrift Gotha A. 
1292 (Haleb 338) in Manuldruck. Heidelberg 1924. pp. 128 + 62. 
Gm. 7.20. (Recd. 1/12/24.) 

SHERMAN, HENRY Ciapp. Food products. 2nd edition. New 
York 1924. pp. xiv + 688. ill. 14s. net. (Recd. 25/11/24.) 

TREADWELL, W. D. Elektroanalytische Methoden. Berlin 1915. 

pp. X + 233. ill. (Recd. 24/11/24.) 
» Unirep Kinepom. Permanent Consultative Committee on Official 
Statistics. Guide to current official statistics of the United Kingdom. 
Vol. If (1923): being a systematic survey of official statistics 
published mainly in 1923, together with an appendix relating to 
selected statistical publications issued prior to 1923. London 1924. 
pp. 806. (Reference.) 1s. net. 

Werntanp, Rupotr. Einfiihrung in die Chemie der Komplex- 
Verbindungen (Wernersche Koordinationslehre) in elementarer 
Darstellung. 2nd edition. Stuttgart 1924. pp. xx + 538. ill. 
Gm. 24. (Recd. 24/11/24.) 

ZIPPERER, Paut. Die Schokoladen-Fabrikation: eine Mono- 
graphie der Kakaofrucht und ihrer V erwertung. 4th edition by 
HERMANN SCHAEFFER and — ScurépErR. Berlin 1924. pp. viii + 
338. ill. $5 net. (Recd. 13/12/24.) 


IIt. Pamphlets. 


_ Conen, Barnett, Gress, H. D., and CLARK, WILLIAM Mans- 
FIELD. Studies on oxidation-reduction. V. Electrode potentials 
of simple indophenols, each in equilibrium with its reduction product. 
(From the U.S. Public Health Reports, 1924, 39.) 

Evans, Epwarp Victor. Cantor Lectures on a study of the 
destructive distillation of coal. London 1924. pp. 49. ill. 

Hunter, Harorp. The chemical significance of optical dis- 
persion. [London.] 1924. pp. 117. ill. 

Rosrnovitcu, Louise G., and STILES, Grorce W. A chemical 
basis for the treatment of tuberculosis : experiments on the action 
§ 


a 
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of steapsin and insulin on tubercle bacilli. (From the Amer. Rev. 


Tuberculosis, 1924, 9.) 
SCIENTIFIC AND INDUSTRIAL REsEARCH, Department of. Food 
Investigation Board. Special Report No.. 20. The problems of 


apple transport overseas: a general survey and summary of the 


results obtained by a scientific expedition to Australia in 1923. 
By Frankuin Kipp and Cyrin West. London 1924. pp. vi + 
16. ill. 


ation of coal in continuous vertical retorts. A South Wales gas 

coal. (Mixture of Pentre and No. 3 Rhondda Seams from the 

Meiros Collieries, Llanharan.) London 1924. pp. iv + 26. ill. 
SINNATT, FRANK StTuRDY, Simpxin, NEVILLE, and OWLES, 


ARCHIBALD Berwick. - The inorganic constituents of coal. Part IV. 


The melting point of coal ash. (Lancs. & Cheshire Coal Research 
Assoc. Bulletin No. 14.) London 1924. pp. 24. ill. 

STERN, ARTHUR LANDAUER. Contributions to the chemistry of 
cellulose. J. Cellulose sulphuric acids. London 1894. pp. 28: 
(Two copies.) 

TuRNER, J. A. Mercurial poisoning : a report on poisoning from 
small quantities of mercurial vapor. (From the U.S. Public Health 
Reports, 1924, 39.) 

UniITeED StTaTEs. Department of Agriculture. Department 
Bulletin No. 1149. Absorption and retention of hydrocyanic acid 
by fumigated food products. By Epwarp L. Grirrin [and others. ] 
' Washington 1923. pp. 16. ill. 

Department Bulletin No. 1152. Soy and related 
fermentations. By Margaret B. CHurcH. Washington 1923. 
pp. 26. ill. 

—— —— Department Bulletin No. 1166. Apple by-products as 

stock foods. By G. P. Watton and Grorce L. BIDWELL. 
Washington 1923. pp. 40. ill. 
Department Bulletin No. 1250. Relation between the 
composition of California cantaloupes and their commercial maturity. 
By Epwarp MacKay Cuancz, C. G. Cuurcu, and F. E. Dunyy. 
Washington 1924. pp. 26. ill. 

VOEGTLIN, CARL, JOHNSON, JAMES McINtosH, and DyzEr, HErEn, 


Fuel Research Board. Technical Paper No..10. Carbonis- 


Viscosity and toxicity of arsphenamine solutions. (From the U.S. 


Public Health Reports, 1924. 39.) 

WetcH, Marcus Batpwin. Notes on strength of timbeal 
with list of transverse tests on specimens in the Technological 
Museum. (Sydney Technological Museum Bulletin,No. 6.) Sydney 
1923. . pp. 12. 
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PROCEEDINGS : 
UNIVEKSItyY @f ILLINOTS 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, February 5th, 1925, at 
8 p.m., Professor W. P. Wynnu, D.Sc., F.R.S., President, in the 
Chair. 


The following were formally admitted Fellows of the Chemical 
Society: E. Lakeman, W. Kilroy, D. McKie, R. F. Barnes, and 
S. Krishnamurti. 

Certificates were read for the first time in favour of : 


Niels Janniksen Bjerrum, Vendersgade 28, Copenhagen. 

James Herbert Clegg, West Cliffe, Queens Park Road, Burnley. 

Horace Cecil Cockroft, B.Sc., A.1.C., 6, Highfield Terrace, Halifax. 

Francis Xavier Coyne, 160, Addison Street, Blackburn. 

Robin George Westbury Farnell, A.R.C.S., A.L.C., Exeter College, Oxford. 

Richard Randolph Garran, B.Sc., Orphir, St. George’s Road, Toorak, 
Melbourne. 

James Francis Halpin, F.1.C., 39, Benson Road, Forest Hill, S.E. 23. 

John Stanley Heaton, Ph.D., B.Sc., 43, Birch Road, Crumpsall, Manchester, 

John Cyril Hensman, M.A., A.I.C., Aldenham School, Elstree. 

Horace William Hughes, B.Sc., 27, Ombersley Road, Balsall Heath, Bir. 
mingham. 

David Bret Jehu, M.Sc., 34, High Street, Welshpool, Montgomeryshire. 

Clifford Merton Jones, B.Sc., Buxton Crescent, Newton Hill, Wakefield. 

David McDowall, 2, Kennishead Road, Thornliebank, Glasgow. 

Richard Alan Morton, B.Sc., Ph.D., A.I.C., 2, Lumley Street, Garston, 
Liverpool. 

_ Frederick Wilson Moulds, Hill Crest, Villa Road, N ottingham. 

David Pomerantz, 15, Nottingham Place, Commercial Road, E. 1. 

Robert Joseph Salmon, M.Sc., Holly Bank, Rowton, Chester. 

Talrain Singh Prem Chandra Sharma, M.Sc., Engineering College Hostel, 
Hindu University, Benares, India. 

John Robert Shepherd, M.S8c., A.I.C., Lady Hall Farm, Broughton-in 
Furness. 

Leslie John Walker, 45, Devereux Road, Wandsworth Common, S8.W. 18. 

William Alexander Waters, B.A., 35, Shirley Road, Cardiff. 

James Bernard Watson, 30, Mulgrave Road, West Hartlepool. 
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The following papers were read : 

“The chemistry of petroleum. Part I. The occurrence of com- 
pounds of sulphur in the light distillate from the crude oil 
of Maidan-i-Naftun.” By 8. F. Brrcu and W.S8.G. P. Norgis. 

“The chemistry of the three-carbon system. Part IV. A case of 
retarded mobility.”” By G. A. R. Kon and R. P. Linstgap. 

** Alternation in the molecular volumes of the normal monobasic 
fatty acids.’ By W. E. Garner and E. A. RYDER. 


Ordinary Scientific Meeting, Thursday, February 19th, 1925, at — 
8 p.m., Professor W. P. Wynnu, D.Sc., F.R.S., President, in the 
Chair. 

The PRESIDENT referred to the loss sustained by the Society 
through the death of Dr. Horace T. Brown on February 6th, and 
announced that the Council had passed the following resolution : 

“‘ On behalf of the Chemical Society the Council desires to express 
its sense of the great loss the Society has sustained in the death 
of Dr. Horace T. Brown, who served on the Council as Vice- 
President, Ordinary Member of Council, Treasurer, and Foreign 
Secretary during a period of twenty years, and offers to his son 
and daughters deep sympathy in their bereavement.” 

Certificates were read for the first time in favour of : 


Janardhana Ram Bhatt, B.A., Sre Sumangala College, Panadura, Ceylon. 

Archibald Beresford Blunsden, The Bungalow, Westbury-on-Trym, Bristol. 

Thomas Henry Bowles, Allandale, Meadowside Road, Cheam. 

William Harrison Brindley, M.C., M.A., M.Se.Tech., A.I.C., 11, Millmoor 
Terrace, Glossop. 

Thomas James Elijah Gardner, 12, Bushwood Road, Kew. 

Helen Simpson Gilchrist, 82, North Street, St. Andrews. 

Frederick Denison Maurice Hocking, M.Sc., A.I.C., 18,-Woodside Park Road, 
N. Finchley, N. 12. 

Joseph Taylor Jackson, B.Sc., 192, Algernon Road, Lewisham, 8.E. 13. 

Ernest Edward Mabbott, B.Sc., 358, Fore Street, Edmonton, N. 9. 

Edgar Kent Palmer, B.Sc.Tech., Rose Bank, Victoria Road, Hale, Cheshire. 

John Brent Reed, B.Sc., A.I.C., 49, St. Mildred’s Road, 8.E. 12. 

George James Robertson, M.A., B.Sc., Ph.D., The Manse, Stratkinness , 
St. Andrews. 

Leonard William Ernest Townsend, 35, Harewood Road, Collier’s Woes 
Merton, S.W. 19. 

Edwin John Woodcock, Stonecot, Claremont Hill, Jersey. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


James Munsie Bell, Department of Chemistry, University of North a 
Chapel Hill, N.C., U.S.A. 

John Cameron, Peking Union Medical Collen, Peking, Chihli, * China. 

Gordon McIntyre, B.Sc., Sarnia, Ontario, Canada. 


Dr. B. Fliirscheim and Dr. 8. Sugden were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


Julius Nicholson Ashley, B.Sc., AIC. 

George Alfred Bartram, B.Sc., A.I.C. 

George Harry Beeby, B.Sc., A.I.C. 

Arthur Henry Burdick Bishop. 

Vincent Bloomer, B.Sc. 

Claude McClellan Bottomley, B.Sc. 

Frederick Stanley Brown, B.Sc., 
A.LC. 

Perey Chorley, M.Sc. 

Herbert Isaac Coombs, B.A., B.Sc. 

Alexander Steven Corbet, Ph.D., 
B.8e., A.1.C. 

William Haughton Crowe. 

Alfred Davidson, B.Sc. 

Ernest James Davis. 

Walter Mark Duffin, B.Sc., A.R.C.S. 

Arthur Hynard Durrant. 

Frederick John Eaton, Ph.D., B.Sc., 
A.I.C. , 
George Alfred Edwards, B.A., B.Sc. 
Harry Julius Emeléus,  B.Sc., 

A.R.C.S. 
Ralph Margrave Esdaile. 
Edward Hugh St. Clair Flack, M.Sc. 
Henry Bell Footner, B.Sc. 
Desmond Geoghegan. 
Clifton William Gibby, B.Se., A.I.C. 
Reginald Oswald Gibson, B.Sc., 
A.I.C. 
Conrad Theodore Gimingham, F.I.C. 
Jonathan Goodspeed. 
Richard Greenhalgh, B.Sc. 
Robert Owen Griffith, M.Se., A.I.C. 
Anthony James Hailwood, B.Sc. 
Edward Stanley Hiscocks, B.Sc. 
Herbert Henry Hodgson, M.A., 
Pit, 2, ee., bsl.U. 
David Hughes. 
Kathleen Harriet Hughes. 
Arthur Frederick Hunt, B.Sc. 
Bertram Hobart Ingham, B.Sc. 
John Dobney Johnson, B.Sc. 
Wilford Jordayne Johnson. 
Cecil Brellisford Oakes Jones. 
William Wenallt Jones, M.Sc. 
Alan Richmond Kennedy. 
Frank Kenyon, A.I.C. 
Frederick Ernest King. 
Eric Knott, 


Jacob Kracovski, B.Se. 

Herbert Lambourne, 
BLL, 

John Joseph Laws. 

Raymond James Wood Le Fevre. 

Alexander John Simpson  Leiper, 
A.R.C.S. 

Alfred James Andrew’  Lennane, 
M.R.C.S., L.R.C.P. 

Frederick William Liley. 

James Gilbert Lunt, B.Sc. 

William Hamilton McVicker, M.Sc. 

Thomas Mann. 

Vincent Mark Mascarenhas, B.A. 

Frank Douglas Miles. 

Sadashiv Parashuram Nair, Ph.G. 

Edward Arthur Nightingale. 

Frederick William Offord. 

Lionel Edward Outridge, B.Sc. 

Thomas Webster Parker, A.R.C.S. 

William Bayley Parker, F.I.C. 

Stuart Russell Parsons, B.Sc., A.I.C. 

William Samuel Payne. 

Kenneth John Pierson. 

Richard Edwin Pike, B.Sc. 

Douglas Victor Plumbridge, Ph.D., 
A.R.C.S., A.LC. 

John Massey Preston, B.Sce., A.L.C. 

Richard Raper, B.A. 

John Frederick James Rule, B.Se. 

Moung Ba San, B.A. 

Leslie Vivian Donald Scorah, B.S8Sce., 
A.I.C. 

George Frederick Sheppard. 

Joseph Thomas Shevlin. 

Arthur Frederick Smethurst. 

Ethel Minnie Snewing, B.Sc. 

Alton Ewart Clarence Smith. 

Susanne Mabel Lavinia Snelus, A.I.C. 

Claude Hyman Spiers, M.A., Ph.D., 
B.S8e. 

Harold Jacob Stern, Ph.D., B.Sc. 

Charles James Still, Ph.D., M.Sc. 

Mohammad Hassan Syed, B.Sc. 

Mary Beatrice Thomas. 

Eric Spencer Timms, B.Sc. 

Eric Titterington. 

Thomas Martin Aitken Tudhope, 
Ph.D., B.Sc. 


M.A., M.Sc., 
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Charles Cyril Norrey Vass, B.Sc. Alan Douglas Whitehead, B.Sc. 
John Harry Village, B.Sc. Leslie Thomas Douglas Williams, 
Israel Vogel, B.Sc. A.R.C.S. 

John Wilson, M.Sc. John Henry Wylde. 

Nellie Walker, M.A., Ph.D., B.Sc. Victor Emmanuel Yarsley, B. Se., 
William Joseph Victor Ward, B.A. A.I.C, 


James Ewart Whipp. 


The following paper was read : 


“The nature of the alternating effect in carbon chains. Part II. 
The TOs influence of the «-methoxyvinyl group in aromatic — 
substitution.”” By C. K. Incotp and E. H. Incoxp. 

Dr. T. StateR Price discussed “‘ The action of ik. on the photo- 
graphic plate.” 


ANNUAL GENERAL MEETING. 


The Annual General Meeting will take place on Thursday, March 
26th, 1925, at 4 p.m., when the PresipENT, Professor W. P. WYNNE, 
D.Se., F.R.S., will deliver his Address. 


ANNIVERSARY DINNER. 


The Anniversary Dinner will be held in the Grand Hall of the 
Hotel Victoria, Northumberland Avenue, W.C.2., on Thursday, 
March 26th, 1925 (the day of the Annual General Meeting), at 
7 for 7.30 p.m. The presence of ladies will be welcomed. 

Tickets, price 12s. 6d. each (including gratuities to waiters) can 
be obtained from the Assistant Secretary. It will facilitate arrange- 
ments if Fellows will apply for tickets at an early date, in any event 
before March 19th. 


List of Papers, or Abstracts thereof, received between January — 
16th and February 19th, 1925. (This list does not include the 
titles of papers which have been read at a Scientific Meeting, or 
which have appeared in the Journal.) 


“Colour and molecular geometry. Part III. A graphical pre- 
sentation of the theory.” By J. Morr. 

“ Tesla-luminescence spectra. Part V. Some polynuclear hydro- 
carbons.”” By W. H. McVicxrr, J. K. Marsu, and A. W. 
STEWART. 

“The surface tensions of aqueous Lala of various organic 
compounds.” By P. R. Epwarps. 
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‘The cryoscopic method for adsorption.” By H. L. RicHarpson 
and P. W. ROBERTSON. 

“ Ring-chain tautomerism. Part XII. Derivatives of «-ethyl- 
88-dimethylglutaric acid:’ By G. A. R. Kon, L. F. Smrru, 
and J. F. THORPE. 

** A determination of the melting and transition points of potassium 
dichromate.” ‘By P. L. Roprinson, G. E. STEPHENSON, and 
H. V. A. BRISCOE. 

‘“‘Tnteraction of hydrogen and carbon dioxide on the surface of 
platinum.” By C. R. Prircwarp and C. N. HINSHELWoOD. 

‘The identity of uncineol with eudesmol.” By A. R. PENFOLD. 

‘“‘ Further X-ray measurements on long-chain compounds (n-hydro- 
carbons).”” By A. MULuerR and W. B. SAVILLE. 

** An X-ray investigation of the ketone series.” By W. B. SAVILLE 
and G. SHEARER. ; 

“The relationship of thyroxin to tryptophane.’ By C. 8. 
HICKS. 

“ A new method of flame analysis.” By O. C. pr C. Exuis and 
H. RoBInson. ; 

“The movement of flame in closed vessels.”” By O. C. DE C. 
Exuis and R. V. WHEELER. 

** cycloTelluropentanediones containing aliphatic and aromatic 
substituents.” By G. T. Moraan and C. J. A. TAYLOR. 

‘¢ 3.Chlorobenzopyrylium derivatives.” By L. R. Rip@way and 
R. RosBrnson. 

“‘ A qualitative test for weak bases.” By R. RoBInson. 

“The labile nature of the halogen atom in organic compounds. 
Part X. The action of hydrazine hydrate on the halogen 
derivatives of «-nitro-fatty acids.” By A. K. Macseru and 
D. TRAILL. | 

‘The effect of colloids on the replacement of lead and copper from 
their salts by zinc.” By L. T. M. Gray. 

“A new portable apparatus for the analysis of illuminating and 
other gases.” By H. D. Murray. 

“The action of halogen on phenylhydrazones. Part IH. The 
action of chlorine.’ By J. E. Humeuries, H. HumMBiE, and 
R. Evans. 

“ Anomalous adsorption.” By J. B. SPEAKMAN and A. EH. BATTYE. 

“The photo-decomposition of chlorine water and of aqueous hypo- 
chlorous acid solutions. Part I.” By A. J. Atumanp, P. W. 
CunuIFFE, and R. E. W. Mappison. 

“ Studies of dynamic isomerism. Part XVII. The mutarotation 
of aluminium benzoyl-camphor.” By I. J. FauLKNER and 
T. M. Lowry. 
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‘Studies of dynamic isomerism. Part XVIII. The mechanism 
of mutarotation and of hydrolytic and prototropic change; 
with a criticism of Baker, Ingold, and Thorpe’s doctrine of 
non-intervention.” By T. M. Lowry. 

“Studies of dynamic isomerism. Part XIX. Experiments on 
the arrest of mutarotation in tetramethylglucose.” By T. M. 
Lowry and E. M. Ricwarps. 

‘‘ The freezing points of hydrofluoric acid.” By J. D. C. ANTHONY 
and L. J. HUDLESTON. ae 

‘The hydrolysis of iodine as measured by the iodine electrode.” — 
By H. D. Murray. 

‘Some aromatic chlorovinylarsines.” By A. F. Hunt and E. E. 
TURNER. 

‘The mechanism of the reaction between arylhydrazine sulphonic 
acids and acetoacetic ester.” By G. REEVEs, | 

“The compounds formed by the action of bromine upon benz- 
aldehyde-phenylhydrazone.” By F. D. Cuarraway and A. J. 
WALKER. | 

‘‘ Periodic electrochemical phenomena.” By E. 8. Hepers and 
J. EK. Myers. 

“The nitration of meta-hydroxybenzaldehyde carbonate and ethyl 
carbonate.” By F, A. Mason. 

‘‘ A synthesis of 1 : 2-dihydroquinaldine.” By F. A. Mason. 

‘‘ The synthesis of 5 : 5’-dibromo-6 : 6’-dimethoxy thioindigo.” By 
R. H. Grirrita and E. Hops. 

‘The interaction of sodium chloride and alumina.” By F, H. 
CLEWS. 

‘“‘ A resolution of benzoin.”” By F. J. Wiunson and I. V. Hopper. 

‘“‘Semicarbazones of benzoin. Part I.’ By I. V. Hoppsr. 

“The ‘activation’ of graphite as a sorbent of oxygen.” By 
D. H. Banauam and J. STAFFORD. 

‘The mechanism of the formation of malachite from basic cupric 
carbonate.” By J. R. I. Heppurn. 

‘A synthesis of oxyberberine. Part I.” By W. H. Prrxty, 
J. N. RAy, and R. Ropinson. 

‘Variation of colour in the fluoresceine family.” By J. Morr. 

“The equilibria underlying the soap boiling processes. Pure 
sodium palmitate.” By J. W. McBarn and G. M. Lanepon. 

‘Some reactions of triethylphosphine.”” By J. N. Coxxie. 

‘“ Nitro- and amino-ethoxy-lutidine.’ By J. N. Corzm and 
G. BISHOP. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 

AbAMKIEWICZ, ALBERT. Die Natur und der Naihbrwerth des 
Peptons: eine experimentelle Untersuchung zur Physiologie des 
Albumins. Berlin 1877. pp. viii +128. From Dr. H. E. Cox. 

Auten, Rozpert. Bismuth ores. (Imperial Institute Mono- 
graph on Mineral Resources.) London 1925. pp. x +. 62;. ilk, 
3s. 6d. net. (Recd. 5/3/25.) From the Director. 

Avack, FREDERICK WILLIAM, assisted by LEonaRD WHINYATES. 
The Chemists’ Year Book 1924. American data in collaboration 
with Francis M. Turner, Jr. Manchester [1924]. pp. xii + 1164. 
ill. (Reference.) From Mr. L. Eynon. 

BorrceR, WILHELM. Qualitative Analyse und ihre wissen- 
schaftliche Begriindung. 4th—7th edition. Leipzig 1925. pp. 
xvi + 644 + 34. M, 22. (Recd. 3/2/25.) 

From the Publisher : Herr Wilhelm Engelmann. 

CarPeNTER, LeoNaRD. Mechanical mixing machinery. London 
1925. pp. 138. ill. 6s. net. (Reed. 11/2/25.) 

From the Publishers : Messrs. Ernest Benn. 

Concris INTERNATIONAL POUR LA RfPRESSION DES F'RAUDES, 
Compte rendu des travaux du deuxiéme Congrés, 1909. Paris 
1910. pp. viii + 1496. From Dr. H. E. Cox. 

DeapLy ADULTERATION and slow poisoning unmasked; or, 
disease and death in the pot and the bottle. By an enemy to 
fraud and villany. New edition. London [n.d.]. pp. viii + 190. 

From Dr. H. E. Cox. 

Exiiorr, Cyrim. Distillation principles. London 1925. pp. 
166. ill. Gs. net. (Recd. 11/2/25.) 

From the Publishers : Messrs. Ernest Benn. 

Gisps, WitttaM E. The dust hazard in industry. London 1925. 
pp. 168. ill. 6s. net. (Reed. 11/2/25.) 

From the Publishers : Messrs. Ernest Benn. 

Gorn, GrorcE, SpaRLInc, MARcus, and ScoFFERN, JOHN. 
Practical chemistry ; including the theory and practice of electro- 
deposition; photographic art ; the chemistry of food, with a chapter 
on its adulterations; and the chemistry of artificial illumination. 
London 1856. pp. xvi + 574. ill. From Dr. H. E. Cox. 

Guyzr, CHARLES EUGENE. Physico-chemical evolution. Trans- 
lated. by J. R. CuarKe. London 1925. pp. xii +172. 6s. net. 

(Recd. 12/2/25.) From the Publishers : Messrs. Methuen & Co. 

Hause, Epwarp. Antimony ores. (Imperial Institute Mono- 
graph on Mineral Resources.) London 1925. pp. x + 102. ill, — 
5s. net. (Recd. 5/3/25.) From the Direct 
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Henninger, ArrHur [RoponteHe Maris]. De la nature et du 
role physiologique des peptones. Paris 1878. pp. 68. 
: From Dr. H. E. Cox. 
Hormann, Franz. Die Bedeutung von Fleischnahrung und 
Fleischconserven mit Bezug auf Preisverhiltnisse, Leipzig 1880. 
pp. iv + 120. mil | From Dr. H. E. Cox. 
JANKE, ALEXANDER. Allgemeine technische Mikrobiologie. I Teil : 
Die Mikroorganismen. Dresden 1924. pp. xii 342. ill. MW. 12. 
(fecd. 3/2/25.) From the Publisher: Herr Theodor Steinkopff. 
Lowy, ALEXANDER, and Harrow, Bengamin. An introduction 
to organic chemistry. New York 1924. pp. x + 390. ill. 18s. 
net. (Recd. 12/2/25.) 
From the London Publishers : Messrs. Chapman & Hall. 
PaTTERsoN, Austin M. A German-English dictionary for 
chemists. 5th printing, with addenda. New York 1924. pp. 
xvi + 344. (Reference.) 12s. 6d. net. : 
From the London Publishers : Messrs. Chapman & Hall. 
REVUE GENERALE DES CoLLoipEs et de leurs applications indus- 
trielles. Year I, etc. Paris 1923 +. (for circulation.) 
From the Biochemical Society. 
SEYMouR, Harrianp. Agitating, stirring and _ kneading 
machinery. London 1925. pp. 140. ill. 6s. net. (Recd. 
11/2/25.) From the Publishers : Messrs. Ernest Benn. 
SPIELMANN, Percy Epwin. Bituminous substances: scientific 
progress of practical importance during the last fifteen years. 
London 1925. pp. xvi + 206. ill. 15s: net. (Recd. 21/1/25.) 
From the Publishers : Messrs. Ernest Benn, 
Tuneay, Sypney J. Acid-resisting metals. London 1925. pp. 
136. ill, 6s. net. (Recd. 11/2/25.) 
From the Publishers : Messrs. Ernest Benn. 
URBAIN, GrEorGES. Les notions fondamentales d’élément 
chimique et d’atome. Paris 1925. pp. iv -- 172510) freed, 
10/2/24.) From the Publishers : MM. Gauthier-Villars et Cie. 
Wettines, A. W. Chemical symbols, formule and calculations. 
London 1925. pp. viii + 96. 3s. net. (Recd. 16/1/25.) 
From the Publishers : Messrs. Methuen & Co. 


II. By Purchase. 
ARENDT, Rupotr. Technik der Experimentalchemie : Anleitung 
zur Ausfiihrung chemischer Experimente. 5th edition. Edited by 
Lupwic DorRMEeR and Water FRANCK. Leipzig 1925. pp. 
XXvili + 732. ill. M. 26.50. (Reed. 2/2/25.) 
FREUNDLICH, HerRBert. The elements of colloidal chemistry. 
Translated by. GEorcE Barer. London 1925. pp. viii -+ 210. 
ill. 7s. 6d. net. (Recd. 19/1/25.) 


PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Lecture, held in the Lecture Hall of the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W.1, on Thursday, 
February 26th, 1925, at 8 p.m., Professor W. P. Wynne, DSc., 
F.R.S8., President, in the Chair. 

Sir Witutram Harpy, M.A., Sec.R.S., delivered his Lecture 
entitled : ‘“ Problems presented by Films on Solid Surfaces.” A 
vote of thanks to the Lecturer, proposed by Professor H. E. 
Armstrong, F.R.S., seconded by Professor A. V. Hill, F.R.S., and 
supported by the Chairman, was carried with acclamation, and 
acknowledged by Sir William Hardy. 


Ordinary Scientific Meeting, Thursday, March 5th, 1925, at 
8 p.m., Professor W. P. Wynnu, D.Sc., F.R.S., President, in the 
Chair. 


The PrusipENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected, Died. 
Sir Edward Thorpe ...............es000- Feb. 16th, 1871. Feb. 23rd. 
Alexander Mitchell Williams ......... Dec. 7th, 1922. Feb. 21st. 


The PrustpEnt also announced that at a Special Meeting of the 
Council, held on February 26th, 1925, the following resolution was 
passed :; 


“On behalf of the Chemical Society, the Council desires to 
express its profound regret at the death of Sir Edward Thorpe, 
who for 54 years was a Fellow, and during 39 years served the 
Society as Member of Council, Vice-President, Treasurer and Presi- 
dent, and while Treasurer initiated and supervised the production 
of the first three volumes of the Collective Indexes of the Society’s 
Journal, 

“ The Council recognises that by Sir Edward Thorpe’s death the 
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Society loses a wise counsellor and British Chemistry a distinguished 
investigator, and offers to Lady Thorpe its sincere sympathy in her 
bereavement.” 

The Fellows present expressed their concurrence in this resolution 
by rising from their places. 


It was also announced that 

(1) With a view to increasing the usefulness of the Library, the 
Council has made arrangements for the photographic copying by 
means of the Photostat, of material contained in the Library. 
Particulars as to cost, etc., can be obtained from the Librarian. 

(2) The first lecture in connection with the Fison Memorial 
Fund, which was established to endow a Lectureship in memory of 
the late Dr. A. H. Fison, will be delivered by Professor J. J. 
Thomson, O.M., F.R.S., on Thursday, May 7th, 1925, at 5 p.m., 
the Right Hon. the Earl of Balfour presiding. The place of 
meeting will be announced later. Tickets of admission will be 
obtainable from Mr. 8. E. Carr. 


The following List of Nominations for vacant places on the 
Council was read from the Chair : 


President : Arthur W. Crossley. 

Vice-Presidents who have filled the office of President (3 

vacancies): H. E. Armstrong, A. Scott, W. P. Wynne. 

Vice-Presidents who have not filled the office of President (2 

vacancies) : J. B. Cohen, N. V. Sidgwick. 

Secretary : T. Slater Price. 

Foreign Secretary : F. G. Donnan. 

Ordinary Members of Council : 

(2) Town Members, i.e., those resident within 50 miles of 
Charing Cross (5 vacancies): H. Bassett, F. W. Gamble, 
J. Kenyon, B. D. Porritt, G. Stubbs. 

(6) Country Members, 7.e., those resident beyond 50 miles from 
Charing Cross (2 eanhnaten |: F. A. Freeth, W. Rintoul, 
F. J. Wilson. 

Dr. P. W. Austin and Dr. E. E. Turner were appointed Scrutators 
to assist in the counting of votes recorded in the election of the 
Country Members of Council. 

The following were formally admitted Fellows of the Chemical 
Society : F. H. Banfield, F. Kenyon, A. H. Durrant, A. F. Smethurst, 
J. D. Johnson, R. E. Pike, C. H. Spiers, 8S. Dutt, J. Kracovski, 
H. J. Emeléus, I. Vogel, K. V. Thimann, S. 8. G. Sircar, B. T. 
Narayanan. : 


] 


Chair. 
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The Treasurer drew attention to the fact that on Thursday, March 
5th, 1885, exactly 40 years ago, a certificate of a candidate for 
election as a Fellow was read for the first time in favour of William 
Palmer Wynne. Commenting on the uniqueness of the occasion, 
the Treasurer expressed the hope that the President would long be 
spared to give the Society the benefit of his wise counsel. The meet- 
ing showed its hearty approval of the Treasurer’s remarks, and the 
President expressed his sincere thanks for the kind reference. 


Certificates were read for the first time in favour of : 


Geoffrey Alger Blyde, East Cliffe, Hast Bank Road, Sheffield. 

Frank Henry Charles Bull, B.Se., A.LC., 50, Cornwall Road, Bishopston, 
Bristol. 

Harry Dean, 134, New Lane, Oswaldtwistle. 

Irvine John Faulkner, Emmanuel College, Cambridge. 

Thomas Flett, B.Sc., A.I.C., Anchor Cottage, Kirkwall, Orkney. 

John Charles Giblin, B.Sc., A.I.C., 3, Kensington Terrace, Brecon. 

Isabel Hodgson Hadfield, M.Sc., 65, Langham Road, Teddington. 

Thomas Haworth, 8, Park Terrace, Fielding Lane, Oswaldtwistle. 

William Jobson, 52, The Mall, Swindon. 

Thomas William Jones, B.Sc., 36, St. Vincent Road, Westcliff-on-Sea. 

John Keane, M.Sc., Ph.D., 6 Shamrock Villas, Drumcondra, Dublin. 

Andrew Joseph Myles, 12, Gardner Road, Tue Brook, Liverpool. 

Alfred William Nash, B.Sc., 18, Prospect Road, Moseley, Birmingham. 

Henry Bowen Oakley, M.Sc., A.R.C.S., Wellcome Tropical Research Labora- 
tories, Khartoum. 

Harry Rawlings, B.Sc., 15, Station Road, Ramsey, Huntingdon. 

Alan Lawrence Smith, M.Sc., 22, Dean Street, Blackpool. 

George Thorn, B.Sc., Grove House, Beechen Grove, Watford. 

Ernest Swann Watts, Eaglesfield, Limefield Road, Kersal, Manchester. 

Archibald Steele Whamond, 22, Church Street, Alloa. 


_ John Stanley Worthington, 27, Rowena Street, Great Lever, Bolton. 


The following papers were read : 
“Studies of dynamic isomerism. Part XVII. The mutarotation 
of aluminium benzoyleamphor.” By I. J. FAuLKNER and 
T. M. Lowry. 
“Studies of dynamic isomerism. Part XVIIT. The mechanism 
of mutarotation, and of hydrolytic and prototropic change; 
with a criticism of Baker, Ingold, and Thorpe’s doctrine of 
non-intervention.”” By 'T. M. Lowry. 


“Studies of dynamic isomerism. Part XIX. Experiments on the 


arrest of mutarotation in tetramethylglucose.’ By T. M. — 
Lowry and E. M. Ricwarps. 


Ordinary Scientific Meeting, Thursday, March 19th, 1925, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
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The PresIpDENT referred to the loss sustained by the Society, 
through the death of Joseph Arderne Ormerod, who was elected a 
Fellow on May 16th, 1872, and died on March 5th. 


R. H. Purcell was formally admitted a Fellow of the Chemical 
Society. 
Certificates were read for the first time in favour of : 


James Lindsay Buchan, B.Sc., Hampden Club, N.W. 1. 

John Alfred Valentine Butler, M.Sc., The Potteries, Winchcombe, Glos. 

Annie Lavinia Byford, B.Sc., 73, Elderton Road, Westcliff-on-Sea. 

James Craik, M.A., B.Sc., Ph.D., The University, St. Andrews. 

Herbert Greetham Dane, M.Sc., The Diocesan Training College, Winchester. 

Margaret Stedman Leonora Dixon, Homebush, Worcester Road, Sutton. 

Donald Hanson, 7, Willow Bank, Halifax. 

Joseph Hill, 58, Spring Street, Accrington. 

Jim Hoyle, 11, Crow Lane, Ramsbottom. 

Richard H. F. Manske, M.Se., The University, Manchester. 

Hugh Clonston Moir, B.Sc., A.I.C., 7, Craigielea Street, Dennistoun, Glasgow. 

William George Rhodes, 318, Granville Road, Park, Sheffield. 

Thomas Kennedy Walker, M.Sc., Ph.D., F.I.C., 4, Swythamley Road, Cheadle 
Heath, Stockport. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) in favour of : 


Karl Thomas, M.D., The University, Leipzig. 
Frederic N. Williams, P.O. Box 1117, Shreveport, La., U.S.A. 


The following papers were read : 


“The ‘activation’ of graphite as a sorbent of oxygen.” By 
D. H. BANGHAM and J. STAFFORD. 

‘“ Ring-chain tautomerism. Part XIV. The structure of Bal- 
biano’s acid.”’ By E. Rorustern, A. STEVENSON, and J. F. 
THORPE. 

“The tendency towards intramolecular condensation in cyelic 
keto-esters. Part I. The formation and disruption of bicyclic 
dihydroresorcinols.” By EK. H. Farmer and J. Ross. 

‘‘ The structure of the enolic forms of 6-ketoesters and 8-diketones.” 
By N. V. SrpewIcx. 


PUBLICATIONS FUND. 


In connection with the Appeal for the Publications Fund issued 
by the Treasurer, it has been decided that a list of donations and 
subscriptions received shall appear in the Proceedings for June. All 
donations and subscriptions received prior to the end of May will be 
included in the List. 
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LIST OF FELLOWS, 1925. 


It has been decided to print the List of Fellows for 1925 and 
to supply the List to those Fellows who make application to the 
Assistant Secretary by the 3lst July, 1925. 


List of Papers, or abstracts thereof, received between February 
19th and March 19th, 1925. (This List does not include the titles 
of papers which have been read at a Scientific Meeting, or which 
have appeared in the Journal.) 


“The isomerism of the oximes. Part XXI. Action of picryl 
chloride and of 2 : 4-dinitrochlorobenzene on aldoximes.” By 
O. L. Brapy and L. Kuer. 

“Derivatives of semioxamazide. Part III.” By F. J. Wimson 
and K. C. PICKERING. 

“The stereochemistry of the hydronaphthalenes and _ related 
sesquiterpenes. Part I. Decahydro-8-naphthoic acid.” By 
F..W. Kay and N. Stuart. 

“ Trregularities in the condensation of certain nitriles with re- 
sorcinol.” By E. CoapmMan and H. STEPHEN. 

“Studies in the benzothiazole series. Part III. The pseudo- 
bases of the J-substituted benzothiazole quaternary salts.” 
By L. M. CuarK. 

“‘ Sulphur compounds removed from a Persian petroleum by means 
of sulphuric acid. Part I.” By E. H. Tarerry. 

* Ring-chain tautomerism. Part XIII. Three carbon ring-chain 
tautomerism in a bridged ring system.” By J. W. Baxesr. 
“The measurement of the dielectric constants of liquids.” By 

H. HarRRIs. 
“Note on the physiological action of certain benzothiazoles and 
| mercaptan derivatives.” By R. F. Hunter. 

‘“‘ Note on the physiological action of certain arylamino-derivatives 
of monochloroacetic acid.” By R. F. Hunter. 

“The hydrolytic properties of certain amino-acids.” By L. P. 
BOSMAN. 

“ The reduction of anethole nitrosochloride.”” By J. B. SHorsmitH 
and R. H. SLATER. 

“ Investigations on the dependence of rotatory power on chemical 
constitution. Part XXV. Three optically active alcohols 
containing a phenyl group and some esters derived there- 
from.” By L. F. Hewrrt and J. Kenyon. 

“The integral relations between the vibration frequencies of mole- 
cules.” By E. C. C. Baty, R. A. Morton, and EK. RoGeErs. 
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‘The photochemical decomposition of nitrosyl chloride.’ By ' 


EK. J. BowrEn and J. F. SHarp. 


“ Ray’s supposed triethylene trisulphide.” By G. M. Bennett | 


and W. A. Berry. 

‘ Hepta- and nono-dilactones.”” By G. M. BEnnert. 

‘A synthesis of pyrylium salts of anthocyanidin type. Part VI. 
Polyhydroxyflavylium salts related to chrysin, apigenin, loto- 


flavin, luteolin, galangin, fisetin, and morin.” By D. D.. 


Pratt and R. Rosinson. a 

“ Reactions depending upon the vapour at the interface of two 

immiscible liquids. Part IT.” By G. Harker and R. K. 
NEWMAN. 

The hydrates of calcium carbonate.”’ By J. Hume. 

* The labile nature of the halogen atom in organic compounds. 
Part XI. The halogenation of acetylsuccinic ester.” By 
A. K. Macsets and D. TRattt. 

“ A solid hydride of antimony.” By E. J. WeeExs and J. G. F. 
DRUCE. 

‘A study of the effect of the concentration of aqueous sodium 
hydroxide solutions upon the rate of saponification of olive 
oil.” By G. I. Fincu and A. Karm. 

“The formation of d-2: 2: 4-trimethylcyclohexan-3-one-1-carb- 
oxylic acid from d-camphorquinone.” By C. 8. Gipson and 
J. L. SmMONSEN. 

“ The reaction between aromatic aldehydes and phenanthraquinone 
in presence of ammonia.” By A. C. Srrcar and N. ©. G. Ray. 

‘Studies in heterocyclic compounds. Part I.” By A. C. Smrcar 
and P. K. Dr. 

“The action of azides on toluquinone.” By F. D. Cuarraway 
and G. D. PaRrKEs. 

“The partial pressures of water vapour and of sulphuric acid 
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vapour over concentrated solutions of sulphuric acid at high | 


temperatures.” By J. 8. THomas and W. F. BarKeEr. 
“ Investigations on the dependence of rotatory power on chemical 


constitution. Part XXVI. Four alcohols containing the — 


vinyl group and some esters derived therefrom.” By J. 
Kenyon and D. R. SNELLGROVE. | 

‘A synthesis of pyrylium salts of anthocyanidin type. Part VII. 
The preparation of the anthocyanidins with the aid of tri- 
acetylphloroglucinaldehyde.” By D. D. Prarr and R. 
ROBINSON. | 


“ A synthesis of pyrylium salts of anthocyanidin type. Part VIII. 


A new synthesis of pelargonidin chloride and of galanginidin 
chloride.” By T. Matxrn and R. Rogprnson. 
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“ The action of halogens upon m- and p-nitrobenzaldehyde phenyl- 
hydrazones.” By F. D. Cuarraway and A. J. WALKER. , 

* Plant cuticles. Part I. Modern plant cuticles. Studies in the 
composition of coal.”” By V. H. Luce and R. V. WHEELER. 

_“ The explosion of ammonia with carbon monoxide and oxygen.” 
By J. W. Besson and J. R. Parrineron. 

“3: 3-Diethylpentane (tetraethylmethane).” By G. T. Moraan, 
S. R. Carrer, and A. BE. Duck. 

“ Aromatic esters of acylecgonines.”” By W. H. Gray. 

“ The additive formation of four-membered rings. Part VII. The 
synthesis and division of some dimethylene-! : 3-oxaimines.”’ 
By C. K. Inaorp. 

“ The decomposition of hydrogen peroxide by cobaltic hydroxide.”’ 
By I. G. TryHorn and G. Jessop. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


ACTUALITES DE CHIMIE CoNnTEMPORAINE. Publiées sous la 
direction de AtBin Hauuer. 3rd series. Paris 1925. pp. viii + 
328. 12fr.net. (Recd. 24/2/25.) 

From the Publisher : M. Gaston Doin. 

HANDBUCH DER SALVARSANTHERAPIE. Edited by W. KouE 
and K. Ziever. Vol. II. Berlin 1925. pp. xiv-+ 878. ill. MM. 
34.40. (Recd. 16/3/25.) From the Publishers: Messrs. Urban & 
Schwarzenberg. 


Il. By Purchase. 


GMELINS HANDBUCH DER ANORGANISCHEN CHEMIE. 8th edition.’ 
By Ricnarp Josmr Meyer [and others]. Berlin 1924 +. (Re- 
ference.) 

GnamM, H. Die Gerbstoffe und Gerbmittel. (Chemie in 
Einzeldarstellungen, Vol. XII.) Stuttgart 1925. pp. xvi + 394. 
M. 24. (Recd. 14/3/25.) 

HANSLIAN, RupoLF, and BerGENpDoRFF, Fr. Der chemische 
Krieg : Gasangriff, Gasabwehr und Raucherzeugung. Berlin 1925. 
pp. iv + 226. ill, M.11. (Reed. 10/2/25.) 

HoupeE, Davip. Kohlenwasserstofféle und Fette sowie der ihnen 
chemisch und technisch nahestehenden Stoffe. 6th edition. Berlin 
1924. pp. xxvili-+ 856. ill. MW. 45. (Recd. 2/2/25.) 

HopprE-SEYLER, Ernst Fervrx Immanuent. Handbuch der 
physiologisch- und pathologisch-chemischen Analyse. 9th edition. 
By Hans THIERFELDER. Berlin 1924. pp. xvi-+ 1004. ill. 
M.69. (Reed. 2/2/25.) 
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Kuoéckrer, Ans. Die Garungsorganismen in der Theorie und 
Praxis der Alkoholgarungsgewerbe. 3rd edition. Berlin 1924. — 
pp. xviii + 448. ill. Rm. 12. (Recd. 24/2/25.) 

_ _,LEBERLE, Hans. Die Bierbrauerei. 2 vols. Stuttgart 1921-25. 
pp. xu -+ 307, xu -+ 589. il. M. 31.80. (Recd. 9/3/25.) 

Lorp, NATHANIEL WRIGHT, and DEmMorEsT, Dana J. Metal- 
lurgical analysis. 5th edition. New York 1924. pp. xxii + 472. — 
ill. 20s. net. (Recd. 19/1/25.) , 

MILLIKAN, ROBERT ANDREWS. The electron: its isolation and 
measurement and the determination of some of its properties. 2nd 
edition. Chicago 1924. pp. xiv + 293. ill. 8s. 9d. net. (Recd. — 
19/1/25.) 

MUtiuEer, Ericu. Elektrochemisches Praktikum. 4th edition. 
Dresden 1924. pp. xvi-+ 264. ill. MM. 10. (Recd. 28/1/25.) 

Nernst, WALTHER. Die theoretischen und experimentellen 
Grundlagen des neuen Wirmesatzes. 2nd edition. Halle (Saale) 
1924. pp. villi + 232. ill, M.12. (Reed. 10/2/25.) 

RISTENPART, Eugen. Chemische Technologie der organischen 
Farbstoffe. 2nd edition. Leipzig 1925. pp. xiv + 300 + 12 pat- 
tern plates. ill, MM. 15. (Recd. 2/2/25.) ss 

SOMMERFELD, ARNOLD. Atombau und Spektrallinien. 4th ~ 
edition. Braunschweig 1924. pp. xii+ 862. ill, M.22,. (Reed. 
28/1/25.) 

StRACHE, Huao, and Lant, RicHarp. Kohlenchemie; Ent- 
stehung und chemisches Verhalten der Kohien und ihrer Bestand- — 
teile, Untersuchungen der Kohlen. Leipzig 1924. pp. xvi + 600. 
ill, M. 24. (Recd. 2/2/25.) 

Sutton, Francis. Asystematic handbook of volumetric analysis. 
llth edition. Revised throughout, with numerous additions, by 
WituiAM LINCOLNE SuTTON and ALFRED EDWARD JOHNSON. 
London 1924. pp. x-+ 630. ill. 35s. net. (fecd. 19/1/25.) ) 

Taytor, Hueu Storr. [Editor.] A treatise on physical 
chemistry : a co-operative effort by a group of physical chemists. 

2 vols. London 1924. pp. xii + 604 + 42, x + 701 to 1360 + 
42, ill, 50s. net. (Recd. 21/1/25.) 


III. Pamphlets. 

CoHEN, BARNETT, GIBBS, HARRY DRAKE, and CLARK, WILLIAM 
MANSFIELD. Studies on oxidation-reduction. VI. A preliminary 
study of indophenols : (a) dibromo substitution products of phenol 
indophenol; (6) substituted indophenols of the ortho type; (¢) 
miscellaneous. (From the U.S. Public Health Reports, 1924, 39.) 

Exvove, Exvitas. A method for the estimation of total sulfur in 
neoarsphenamine and sulpharsphenamine. (From the U.S. Public 
Health Reports, 1924, 39.) | 
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Tue Anniversary Dinner of the Society was held in the Grand 
Hall, Hotel Victoria, on Thursday, March 26th, 1925, at 7 for 
7.30 p.m., Dr. ARTHUR W. CrossLEY, C.M.G., C,B.E., D.Sc., F.R.S., 
President, in the Chair. The following is a list of those present : 
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Tinkler, Mrs. C. K. 

Tryhorn, F. G. 
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Turner, Miss E. G. 

Turner, G. W. 

Turner, T., President, The Institute 
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Voelcker, E. 
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Voelcker, J. A. 

Whiteley, Miss M. A., O.B.E. 
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Wynne, W. P., F.R.S., Past-President. 


F.R.S., 


After the loyal toasts had been honoured the President announced 
that he had had a telegram from Professors Biilmann, Bjerrum, 
Bohr, Brénsted, and Sérensen sending their hearty: greetings and 

congratulations to the Society. This was received with acclamation. 

The following is a list of the Toasts proposed :— 

1. “‘ His Most Gracious Majesty The King.” 

2. “ Their Majesties the Queen and Queen Alexandra, His Royal 
Highness the Prince of Wales, and the other members of the Royal 


Family.” 


* 
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By Sir H. Franx Huatu, K.C.B., Secretary of the Department — 


of Scientific and Industrial Research :— 

3. “ The Chemical Society,’ coupled with the name of the 
President. 

By Professor, Hunry E. Armstrone, LL.D., F.R.S., Past-Presi- 
dent :— 

4, “The Retiring President, Professor W. P. Wynne, D.Sc., 
Pons. 

By Professor Invinz Masson, M.B.E., D.Sc. :— 


5. “ The Federated Societies,” coupled with the name of W. J. U. | 


Woolcock, Esq., C.B.E., President of the Society of Chemical 
Industry. 

By Professor F. G. Donnan, C.B.E., D.Sc., F.R.S., Foreign 
Secretary :— 

6. “ The Guests,” coupled with the names of Professor Ernst 
Cohen, of Utrecht University (representing the Nederlandsche 
Chemische Vereeniging), and J. Hunter Gray, Esq., K.C., M.A. 


Sir H. Frank Hearn, K.C.B., in proposing the toast of ‘‘ The 
Chemical Society,” said :— 
Mr. President, Ladies and Gentlemen, after I had accepted with 


some hesitation the invitation to address you this evening, and to — 


propose this toast, I happened to be present at a public dinner where 
one of His Majesty’s Judges said that after considerable experience 
of speeches of the kind he had come to the conclusion that most 
proposers of toasts began by explaining how unfitted they were for 
the task entrusted to them, and spent the rest of the time in proving 
it. Well, Ladies and Gentlemen, after that opinion from the 
Bench, there is nothing left for me but to throw myself on the mercy 
of the court. 

I do, indeed, feel it to be a very great honour that a great 
scientific society like this should ask to have the principal toast of 
the evening proposed by a layman. You are not only a focus of 
research in pure science, you not only have a membership of 4,000 
Fellows, but I see at these tables to-night inorganic and organic 
chemists, analytical and physical chemists, and not least of all, 
perhaps, biochemists. I won’t suggest that the specialisation which 
is obviously taking place in your ranks has gone quite as far as the 
young American medical student of whom Dr. Howe told us in 
Philadelphia last autumn, who announced his intention of specialising 
in the ear, but had not made up his mind whether it was to be the 
right ear or the left. But specialisation there certainly is. Indeed, 
the foundation of the Society was an act of specialisation in 1841; 
when the Royal Society was first founded, I find from those 
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interesting records in Nature that the discussions ranged quite 
easily from naval architecture to the distillation of charcoal, 
from the anatomy of animal intestines to the discussion of a new 
digester for the brewing industry. Well, every one of those fields 
now has its own special society or societies. Specialisation must 
continue, I imagine, and increase, and yet to me as a layman I think 
there seems to be a movement in progress which must tend to 
counteract any disadvantages there might be from excessive 
specialisation; I mean the obvious tendency for different sciences 
to co-operate in the solution of the more difficult problems that 
are in front of you. 

Professor Wynne, in his address this afternoon, referred to the 
Department with which I happen to be connected, and spoke of the 
share which chemists had undoubtedly had in the movement that 
led to the establishment of that Department. But I do not think 
that even you perhaps fully realise how close the link always has 
been, and I imagine always must be, between any organisation 
established to encourage scientific research and the chemists. 
Just look back. Professor Wynne’s address was partly concerned 
in dealing with the review that Professor Meldola took before the 
-war—I think in 1907—of the difficulties of the research worker in 
this country. Professor Meldola, a Past-President of this Society, 
was an original member of the Advisory Council of the Department 
of Scientific and Industrial Research and remained a member of 
that Council until his unfortunate death. Your new President, 
Dr. Crossley, is Director of Research to the largest Research Associa- 
tion for Industry that has come into existence since those difficult 
days of the war, the British Cotton Research Association, and that 
Association and Dr. Crossley are working in constant and con- 
tinuous co-operation with the Department. Dr. Slater Price, another 
officer of this Society, is Director of the British Photographic 
Research Association ; Sir Herbert Jackson, a former Vice-President, 
is Director of the Scientific Instrument Research Association; Dr. 
Pickard, a former member of your Council, is Director of the Leather 
Association; Dr. Scott, a Past-President, is a Director of the 
Laboratory established by the Department at the British Museum 
in order to study the best means of preserving antique objects of 
every kind; and finally there is your Treasurer, Professor Jocelyn 
Thorpe, who is to-day a member of the Chemistry Research Board 
of the Department and a member of many of its committees. . 

Now, my contact with all those distinguished men has made a 
double impression upon my mind. One is the adaptability of the 
chemist, and the other is his extraordinary power of penetration. 
Looking at the Research Association movement which I have 
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referred to already—incidentally there are twenty-four different 
industries which have organisations of this kind in this country, 
and the majority of the Directors of Research of those twenty- 
four Associations are chemists—I draw the conclusion that they 
must have great adaptability, because I happen to know that 
in many cases, and in some of the most outstanding cases, the 
chemists who have been called to those important posts knew 


nothing about the industry when they took up the appoint- 


ment, and for that. very reason have brought success. Professor 
Wynne told you this afternoon that those Associations have been 
useful because they have opened new posts to young men, and 
nothing could be more important than that. But I think he might 
possibly have added that these Associations have done more than 
that. I will tell you an experience of mine which explains. The 
other day I was in the largest textile mill in the world, and found 
that they have quite a large and busy research laboratory, and I 
was told that the reason that that laboratory had been established 
was because they had been so convinced of the value of: research 
by the Association of which the firm was a member that they were 
determined to carry the matter further and have an organisation 
of their own within the works. That is going on all over the 
country; so that it is not merely if you look at it simply from the 
point of view of openings for young men—which after all is not the 
whole story—it is not merely that the Associations provide openings, 
but that in increasing measure the firms in the Associations as they 
come to realise the value of research will need the help of chemists 
and other men of science. And, sir, their power of permeation! 
Chemistry, it seems to me, has made its way already into almost 
every sphere of human life. You dictate to us, sir, what we are to 
eat, though I believe you are not entirely agreed as to the pre- 
servatives that should be used for our food; you give us new 
textiles to wear—or at least you give our wives new textiles to 
wear, and when we are ill you indicate to us, attracted as we are by 
the skilful advertisements of people who are out for that weakness 


of man that comes with illness, and you tell us where the medicines 


we are advised to take fail to come up to what they claim to be. 
Now, sir, | could quite safely, with considerable safety, go on to 
tell you of the records of your great men who have been officers and 
Fellows of this Society. I could refer to the Central Library which 
you have established, which helps all the Societies connected with 
chemistry to have a nodal point from which they can gather their 
recorded information. I could speak of your research fund. I 
could tell you of the brave efforts you are making in spite of rising 
prices and a printers’ strike to keep the publications going. But 
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afl did, I should only be telling you what you know far better than 


I do. 

I am going to venture, sir, in view of the most excellent hospitality 
which you have offered me, and in view of the patience with which 
you, ladies and gentlemen, have listened to me up to the moment, 
I am going to venture to be bold, and to tell you how the present 
state of chemistry strikes a rank outsider. 

I remember that when my brother-in-law, more than forty years 
ago, tried to teach me some chemistry, the molecule seemed to me 


‘a much more important thing than the atom. The atom, to my 


untutored mind, seemed a sort of axiom which you had to accept, 
but which compared with the interest of the molecule was a poor 
thing. Now I venture to think that possibly until comparatively 
recent times chemistry has concerned itself a good deal more with 
the molecule and its behaviour than with the atom. But is that 
condition going to last? The other night I heard a distinguished 
young biologist speaking of several sciences and claim as his 
belief that the central science of the future would be biology. He 
was prepared to take off his hat to physics and chemistry as 
important fundamentally, but the future lay with biology. One 
did not live in the cellars of a house, but in the upper storey. Well, 
as an outsider I am bound to say that I doubt that. ‘To me, at any 
rate, and possibly to other people who are not chemists, chemistry 
seems to be taking increasingly a central position and bringing to its 
service the work, the tools, which other scientists on both sides of it 
are preparing. What has physics done recently from the point of 
view of chemistry? Has it not, by giving you the anatomy of the 
atom, and by revealing the structure of the space lattice, helped 
you to get a picture of three things—first, the mystery of chemical 
attraction, secondly, as Sir William Hardy, in his Bakerian lecture, 
pointed out, the phenomena presented by liquid and solid surfaces 
in close contact, and thirdly, the problem of catalysis. Those things 
are giving you, are they not, larger control over the speed and 
nature of reaction? But the engineer similarly is bringing in the 
tool of high pressure, and what will happen when the knowledge 
you already have, and these tools you already have, are brought 
to bear under the conditions of high pressure, it is very difficult to 
prophesy. And so you are forcing your way into the biological 
field. Another tool I fancy I see in your hands will be those 
mysterious accessory vitamins which link up your chemical work 
with those mysterious chemical reactions of the animal and 
vegetable organisms. 

Well, sir, I have proved my incapacity for proposing this toast, 
and I will therefore ask you to drink to the health and future of the 
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Chemical Society, coupling with the toast the name of your — 
President, Dr. Crossley. 

Dr. ARTHUR W. CROSSLEY replied :— 

IJ am sure the Society would wish me to thank you, Sir Frank 
Heath, very warmly for the way in which you have proposed this 
toast. My predecessor in this Chair has this afternoon answered, 
I think, fairly fully some of the remarks which you have made. 
He has expressed his appreciation of the efforts of the Department of 
Scientific and Industrial Research. Perhaps, as being somewhat 
intimately associated with that Department, I may be allowed to 
add one or two words. So far as my experience goes that Depart- — 
ment is free from, shall we say, a Government monopoly—Red Tape, © 
and is willing in every way possible to help anyone interested in the 
work it is doing. I have had some experience of the professional 
or professorial side of chemistry, and for the past five years I have 
had some experience of chemistry as applied to industry. I say, 
with full consideration of what I am saying, that in my opinion the 
Department has founded in the Industrial Research Associations a — 
movement which is destined to play an all-important part in the © 
future of this country. By no other means that I can conceive could 
science have been brought into those industries. JI hope on some 
future occasion to speak somewhat more fully on this subject, and 
for the present, if you will not think it impertinent on my part, 
I should like to congratulate the Department on the big efforts which 
it has started and to say, ‘“‘ Don’t be in the least discouraged by 
disparaging remarks that may be made about you.” 

I believe it is customary for the President on these occasions to 
make some reference to the affairs of the Society. This afternoon 
we had our Annual General Meeting, and by virtue of a decision 
arrived at, I find things weighing somewhat heavily on my shoulders. 
I refer to the decision which permits me to have the honour to 
occupy the position which I do at the present moment. 

The election of one President, of necessity, means the retirement 
of someone who has occupied that post. It falls to more eloquent 
lips than mine to propose the toast of Professor Wynne this evening. 
I hope, however, that Professor Armstrong will forgive me if I say 
one or two words. When the time comes for Professor Wynne to 
apply for armorial bearings I would like to suggest that he take one 
single word for his motto, and that word is ‘‘ Thorough.” His sole 
aim has been efficiency, and in endeavouring to attain it he has not 
spared himself in the slightest degree. Few realise when he comes 
to a meeting and quietly says, “ I think we should be well advised 
to do so and so,” that this has possibly meant hours of thought, 
perhaps wrestling with the mystic language of charters and bye- 
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laws, perhaps the writing of numerous letters and documents. ‘To 
do the right thing for the Society’s welfare has been his sole object. 
I should like to speak on behalf of us all just one or two words to 
Professor Wynne. They are simple, but my long-standing friend- 
ship with him enables me to know, I think, that he will understand. 
“Professor Wynne, we have learned to know something of the 
time, care and thought which you have expended on our behalf 
during the past two years. We appreciate; we are grateful.” 
The Chemical Society is rightly, in the opinion of its Fellows, 


a very exceptional and uncommon institution, indeed our forbears 


taught us to regard it as such. They did not found the Chemical 
Society of London, or England, or of Great Britain, they founded 
simply ‘‘ the Chemical Society,” and as such we are proud to regard 
it. We desire no addition : we ourselves are content to be chemists, 


- without the added epithet of druggists which so many kind friends 


attempt to hurl at us. But I regret to say that when one con- 
sideration is taken into account we become quite unexceptional, 
quite common, and resemble most other societies, institutions, and 
individuals, inasmuch as we are finding it very difficult to make our 
income balance our expenditure. Up to the early days of 1914 we 
were quite a happy band, able to publish the original communica- 
tions sent in by our Fellows, able to give our Fellows full value for 
their subscriptions and able to put by a small sum of money each 
year. In those days a page of the Journal cost 17s. 5d.; in 1921 the 
price had risen to £2 12s. 4d. It is true that at the present moment 
the price has fallen somewhat, but it is still well above twice the 
amount that it was in 1914. Moreover, the original communications 
are always on the increase, and we have now to make annual pro- 
vision for the publication of 3,500 to 4,000 pages of Transactions 
alone. The situation is a very serious one from the point of view of 
the Society and it has given the Council furiously to think as to the 
possibilities of meeting it. The first step was to increase the 
subscription of our Fellows by 50 per cent. It is greatly to be 
regretted that it was found necessary to do so, for the majority of 
our Fellows are young men, and young chemists—in fact, I think 
I may say most chemists—are not over-burdened with this world’s 
goods. The second step was to adopt the suggestion of the Treasurer 
to ask our Fellows to subscribe to a Publications Fund, the interest 
on which should be devoted to the upkeep of the J ournal. We have 
raised in this way nearly two thousand pounds, but that is not enough, 
and we were faced this year with a possible adverse balance of some 
three thousand pounds. The Treasurer this afternoon told us we 
actually had a credit balance of some £210, but how has this been 


obtained? By ruthlessly cutting down the original communications 
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sent in for publication, to such an extent as to cause endless dis. 
pleasure to authors and to leave it doubtful as to whether we are 
doing justice to their work; further, by asking Fellows to pay for 
the Annual Reports, which so far have always been distributed free, 
and by many other curtailments of our legitimate activities which, 
in my opinion, are greatly to the disadvantage of our Fellows and 
form a distinct danger to the prestige of British chemistry. Most 
societies, most institutions and most individuals themselves decide 
the pace atewhich they will live, and the pace is generally regulated 
by monetary possibilities. But the Chemical Society is again 
exceptional. The pace at which we are living has not been decided 
upon by ourselves, but has been decided upon by no less an authority 
than the nation. 

I have stated that up to 1914 we were a happy band. In that 
year the nation spoke to us for the first time on record, I believe, 
but it spoke in no uncertain voice. It said, in the first place, 
‘We are at war. We want certain drugs used for the alleviation of 
pain and suffering; we have so far obtained these supplies from 
abroad, and that source is now cut off. We are aware that these 
drugs have never previously been made in this country; we are 
aware that they require skilled labour for their production. There- 
fore we want you to prepare them for us.” Well, those drugs were 
prepared by an organised effort on the part of the chemists of 
practically all the Universities and University Colleges in this 
country. Then came a second call. The nation said, ‘““ We want 
more explosives: T.N.T., picric acid, ammonium nitrate; we want 
acetone and dye-stuffs.” Finally, there came a third call: “We 
want poison gas, poisonous and always more poisonous, and with 
each gas we want complete protection.” I do not think it can be 
said that any of these calls were made in vain, or that the chemists 
of this country were found wanting in any way. So far as I know 
the chemists of this country, that is, the Chemical Society has never 
spoken back to the nation, but I suggest the time has come when 
this might be done, and in terms such as these :— 

‘“ In 1914 you asked us to do certain work for you, which we did 
to the best of our ability. We at once admit that some of our 
results were not forthcoming as speedily as we could have wished | 
and in circumstances where speed was all important, due to the fact 
that the type of work which you asked us to do was new to us and 
we had perforce to gain experience. This experience has shown us 
clearly that in order to be prepared for any call which you may make 
upon us in the future, when delay may prove fatal, it is necessary 
that nothing should be left to chance, and it is therefore essential for 
us to carry out numberless researches so as to keep ourselves fully — 
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informed of the possibilities of chemistry generally. Your requests 
of 1914 have greatly stimulated research activities in this country, 
and the publication of the increased number of papers has become 
a very serious matter to the Chemical Society, which can only meet 
the present situation by greatly curtailing its legitimate and rightful 
activities. In these special circumstances, will you not help us to 
carry on our legitimate work ? ”’ 

I cannot think that such an appeal could possibly fall on deaf 
ears, for this very simple reason, that the Chemical Society through 
the efforts of its members has proved itself to be a national asset 
of the utmost magnitude and importance. Sir Frank Heath, once 
more I thank you for the way in which you have proposed the toast 
of the Chemical Society. 

Proressor Henry E. Armstrone (Past-President), in proposing 
“The Retiring President,’’ Professor W. P. Wynne, said :— 

Mr. President and Fellows of the Chemical Society, I ask you to 
lend me your ears and I hope I shall reach them. You have an unusual 
opportunity, an unusual spectacle, to offer to our guests to-night— 
that of a retiring President. The programme is wrongly printed. 
The ‘The’? should be in Clarendon and “ retiring’’ in italics. 
Presidents are not often retiring. Their business is to be unashamed 
and aggressive on behalf of the bodies they represent. A little 
more than two years ago I undertook two tasks: one, an easy 
one, was to convince the Society, the Council of your Society, 
that a particular person was the man for the office of President; 
the other, an almost impossible one, to cajole, to persuade, all but 
to force that particular person to recognise, as the walrus said, 
that his time was come to take on the many things pertaining to 
the President’s office in our honourable body. It is little short 
of forty years ago, on March 27th, 1886, that he came to me as 
private assistant and had we been wise we should never have 
parted company., The years we worked together were the happiest 
and most fruitful of my life. We were not called upon to con- 
centrate hydrogen ions; we never wasted time on noughts and 
crosses; no Lowry worried us with perpetual rechristenings of 
the already fully-named; we just quietly kept company with a 
hydrocarbon which was thoroughly well behaved and responsive. 
Our work was straightforward. There was no angle worship about 
it and we reported our results without fuss of any kind, in the 
briefest possible manner. 

We put up ten signposts for the Di- and fourteen for the Tri- 
chloronaphthalenes and thereby demonstrated the truth of a 
doctrine fitly to be called, a theory of benzenoid structure, which I 
venture to say no X-ray analysis can upset. I think used say 
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we were both proud of our exhibit at Wembley last year, when we 
thought of its implications. Our work pleased the Germans but 
it met with no recognition at home. It was unnoticed and that 
was a double compliment. It cost much toil during many years 
and a good deal of hard cash; neither of us made a halfpenny out 
of it. 

I am told that Mr. Wells asks a couple of hundred pounds for 
a couple of thousand words. At all times, we could get what we 3 
wanted, what material we wanted, free of cost from Germany. 
We were never offered anything from our English works and our 
advice and assistance was never invited, although we worked in 
a technical college. Now, a great branch of the dye-stuff industry 
stands upon the foundation we built up. Yet neither before nor 
during the war, nor since, have we been asked to advise or assist 
in any way in the construction of the English edifice. Now, I 
modestly mention these points, in support of what the President 
said to-day as to the lack of co-operation between science and 
industry. When that address of his is printed, I trust that the 
measured terms in which he spoke on that subject will have their 
effect. I may say that the work was done in a sense sub-rosa, 
without official encouragement. I recollect on one occasion speak- 
ing to our hon. secretary, Sir John Watney, about research. His 
immediate reply was, ‘‘ Your business is to teach boys, not to do 
research.” ‘That is the kind of encouragement we got in those days. 
This is the spirit that has been behind the comparative failure of 
our institutions to do original work, of which the President spoke 
to-day. It was not the primary fault of those who were working 
in the institutions. 

I was glad to hear him speak out particularly on one subject—I 
think it was the keynote of his address—and say plainly that it is 
absurd for the Universities of this country all to attempt to do the 
same thing and on the same scale. Sir Frank Heath has told you 
of the tendency there is to specialise. A great lesson to be learnt 
by the Universities in this country is that they too must specialise. 
His University has no right to deal with anything but iron and steel 
and things of that kind. It will only be by specialising, that it 
will be possible for the several universities to effect the exchange of 
workers of which he spoke. Supposing we were to legislate 
to-morrow in the direction in which he spoke, all the research 
workers would drift to one or two places. That is a serious danger 
of any attempt of that kind. 

Now to return to the man. My respect for his great ability 
as a worker, as a chemist and teacher and for the nobility of his 
character, has steadily increased with years. As a chemist, I 
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know of no better worker and teacher; as a man I have known 
no man so conscientious and self-sacrificing. I would recall to 
you the service he rendered as Editor in years gone by, of which 
our President gave so striking an illustration to-day. I wish 
the spirit he showed on that occasion could be manifest 
throughout the Society and I wish that Editors could be 
brought to take the same interest and at the same time show 
the same ability in their Editorial work that our late President 
displayed. You have heard how conscientious he has been. He 
has attended every possible meeting of the Society it has been 
possible for him to attend and he has done a great deal of outside 
work. Such a man deserves our thanks, not only for the work 
he has done, for the direct service he has rendered, more particu- 
larly must we thank him for the example he has set. Unsparing 
unselfishness is scarcely a present failing of the chemist, but the 
time is at hand when it must be your distinct characteristic. 

Sir Frank Heath has rightly told you that after all it is not the 
atom but the molecule that is the real thing. The atom has no 
character until it joins up into the molecule. Speaking before the 
Institute of Chemistry recently, I said that chemists have reason to 
be proud of themselves on account of their achievements. At all 
events, the young women of the day are clad in cellulose and fine 
raiment mainly through your services. Even the Medical Research 
Council is faintly yearning for chemical aid. Sir Frank Heath 
spoke of Biology being the science of the future. Biology is nothing 
but chemistry when it comes to the real thing. Biology is making 
slow progress at the present time but most of the Bio-chemists, 
as I have said, are but bits of chemists. When they become 
chemists, there will be a real advance in vital chemistry and in 
medicine too. Still, with all this service to your score you have 
no recognised public standard and what is worse, no internal 
cohesion but lots of friction. You are not three hydrocarbons but 
more than thirty. Now is the time for you to show that you can 
come together, hold together, log roll together and organise 
together. There must be complete fusion of interests, I hold; 
an end must be put to the present chaos and inefficiency of public- 
ation. If necessary, to find funds, you must give up smoking. 
Your analyses will be more trustworthy if you do. There will 
be less tendency to believe in the transmutation of copper into 
lithium. No small temporary scheme will suffice. To be at all, 
you must be big. | 

Now, gentlemen, if you have any element of human feeling, you 
will sympathise with me in my determination to overcome to- 
night the modesty of your too-retiring President and join with 
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me in thanking him, with all possible warmth, for the distinguished 
way in which he has served the Society during the past two years 
and for the great example he has set by his unselfish devotion to 
the interests of our profession. I call upon you to join with me in 
drinking the future health and happiness of our late President, 
Professor Wynne. 

Professor W. P. Wynne, D.Sc., F.R.S., responding, said :— 

I rise to thank you most heartily for the cordial way in which you~ 
have received the toast. I hope I may be allowed to regard it not 
as applying only to myself, but as including all those who have 
worked with me in the interests of the Society during the past 
two years. But for the loyal co-operation and cordial support of 
the officers, the Council and the office staff I could have done little 
or nothing, despite all the kind things Professor Armstrong has said 
in proposing the toast. He is my father in chemistry, and his 
eulogy is to be explained not by my merit but by the partiality often 
displayed by a parent. 

As a father, Professor Armstrong is doubly fortunate, for, in 
addition to four distinguished sons who bear his name, he has a 
numerous chemical family of which I am proud to be the eldest. 
T'wo others of us, Sir William Pope and Professor Lowry, are also — 
present this evening. As will have been gathered from what he 
said we may not be in complete agreement with our father’s views 
on every subject—a not uncommon experience in families, chemical 
or otherwise—but that does not diminish in the slightest degree 
our affection for him or sincere appreciation of our fortunate 
upbringing. 

Professor Armstrong referred to the date on which I became his 
private Assistant. I had left South Kensington a few months earlier, 
and it was through Professor Japp’s kind offices that this most 
happy chance came my way. If a reference may be permitted 
to the plea put forward this afternoon for the encouragement of 
migration, this crossing of Exhibition Road from the one College 
to the other did undoubtedly exercise a profound influence on my 
own career. | 

I had the good fortune to number among my teachers no fewer 
than seven Fellows of the Royal Society, five of them being Past- 
Presidents of this Society, and, on an occasion such as this, it is no _ 
less a pleasure than a duty gratefully to acknowledge my deep 
indebtedness to them. The first of these Fellows was Dr. George 
Gore, who, it may be remembered, published so long ago as 1865 
an account of the modification in the properties of some seventy 
substances produced by complete desiccation, and thus was a 
pioneer in the field of research so closely associated with Professor 
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Brereton Baker’s name. He was a self-made man. How he came 
to be chemistry master in King Edward’s School, Birmingham, I 
do not know, but he had never been to a training college, and thus 
his originality had not been educated out of him. His method of 
judging the nature of our work was to suggest at the commencement 
of the class, that we should write a résumé of the previous lesson. 
This was assessed by the number of pages handed in at the end of a 
quarter of an hour, irrespective of the fact that some of them might 
contain six words and some of them sixty. That is the way in 
which I started to learn chemistry. Then, having left school, I 
went to evening classes after the day’s work, and am a product of 
that system of “‘ payment by results,’’ under which science classes 
were farmed out to teachers, who were paid by fees based on successes 
achieved by their students in the examinations conducted by the © 
Science and Art Department of those days. Despite the hard things 
which have been said about it, I do not think the system was wholly 
bad. At any rate it gave me my chance and to many others 
theirs. It provided, indeed, the only avenue to instruction in science 
subjects open to most students in the ’seventies of last century 
before University Colleges and Technical Schools came into existence. 
By its aid I went to South Kensington in 1881 and there had the 
great advantage of being a student under Sir Edward Frankland, 
Professor Percy Frankland and Professor Japp, who began my 
training in research. Thereafter followed the training as a teacher 
under Professor Armstrong, who taught me—nay, compelled me— 
to think; Sir Edward Thorpe, who brought me back to the old 
College, and Sir William Tilden, who last year, although in infirm 
health, did me the great honour of coming to the anniversary meeting 
and saying words which I shall never forget. I am to see him to- 
morrow, and I hope I may take to him from this gathering a message 
of affectionate regard and esteem. (Cheers.) 

There is just one remark I should like further to make. Sir 
Frank Heath spoke in most appreciative terms of chemists and of 
their adaptability, for which we thank him. But it is only right to 
remember that the indebtedness to which he referred is not wholly 
on one side. I think the signal success which has attended the work 
of Sir William McCormick and Sir Frank Heath, neither of them 
men of science, in producing the result known as the Department of 
Scientific and Industrial Research, serves to show that success in 
such enterprises comes not only from a knowledge of men and affairs, 
but in no small measure from a sympathy with, followed by an 
understanding of, the type of problem to be solved. 

As the thirty-ninth President, no longer retiring but retired, I 
salute my friend and colleague, the fortieth President, wishing him 
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as happy a time during his period of office as fell to my lot. Once 
again I thank you all most sincerely for the way in which the toast 
has been received. I do not deserve the praise; I have simply 
done my job. 

The toast of ‘The Federated Societies’ was given by Professor 
TrvinE Masson, who said :— 

There are, I suppose, few of us here who are so deeply learned 
in chemical politics as to be at once aware of what this term con- 
notes; and I will therefore first adopt the old-fashioned plan of 
giving instruction by means of enumeration. The Chemical Society — 
is affiliated with no fewer than seventeen others. Of the eighteen, 
four deal primarily with pure science—the Mineralogical, Faraday, 
Biochemical, and ourselves; twelve with the methods and the 
discoveries of pure science as applied to practical arts, namely 
the Society of Chemical Industry, Society of Public Analysts, Royal 
Agricultural Society, Institute of Brewing, Society of Dyers and 
Colourists, Society of Leather Trades’ Chemists, Royal Photo- 
graphic Society, Institute of Metals, Iron and Steel Institute, 
Ceramic Society, Society of Glass Technologists, Institution of Gas 
Engineers; and two are of a special character, namely, the Insti- 
tute of Chemistry and the Association of British Chemical Manufac- 
turers, which deal with chemists professionally and in their relation 
to the lay public. 

What is especially made prominent by this list is, not so much 
the subdivision of pure chemistry, as the great number of ways in 
which the science as a whole has found a place in the business 
concerns of the nation. So evident is this, indeed, to chemists, 
that we have now and then to remind ourselves that if we have 
won the privilege of helping a little in the material welfare of our 
country, we cannot evade the responsibility which has thereby been 
entrusted to us. And, with this in view, the more we can do to 
foster intellectual sympathy between all kinds of chemists, the 
more will our science be able to serve the nation at large. And 
this is why there is a Federation of all these societies : it is a feder- 
ation primarily pro bono publico, not merely pro bono chemico. | 

Let me indicate briefly two or three ways in which co-operation 
has usefully shown itself at present. 

The Library of the Chemical Society has of late years been — 
extended and is annually increased, with the set purpose of being 
useful not alone to its own Fellows but also to members of the 
other affiliated societies. Towards the heavy annual cost of this 
addition to its original function, many of these Societies have 
contributed; and now our Library, poorly housed though it is, — 
is becoming a truly national asset. Last year, for instance, the 
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visits to consult our 30,000 volumes averaged about twenty-two 
per day; and of these, one-third of the consultations were made 
by members, not of the Chemical Society, but of other societies, 
while among the other two-thirds many were members of the 
Chemical Society and the others as well. 

Another example is seen in the co-operation between the Chemical 
Society and the Society of Chemical Industry which has set going 
the Bureau of Chemical Abstracts. The Bureau has done a great 
deal of quiet work already, and it has before it the central problem 
of unifying the British publications which survey each month or 
fortnight the whole of the world’s current literature of chemistry. 
Surely no obstacle short of insuperable bankruptcy should be 
allowed to stand in the way of an end so desirable. 

A collective token of federation is, I take it, to be seen in that 
body of delegates, the Federal Council for Pure and Applied 
Chemistry. There is something in this Council which reminds one 
of the luminiferous ether. It was originally invented to offer a 
medium for the propagation of light and radiation of energy, and 
to overcome the difficulty of action at a distance. Yet, I have 
been told, experiments made with the object of detecting it in 
motion have failed ; and some daring moderns have even questioned 
the necessity for believing in it, and have dubbed it a pure 
convention. | 

Now there is a name which I have to couple with this toast— 
that of Mr. Woolcock. Chemists, as such, are trained to deal 
with things which are in themselves non-human; yet, because these 
things, and we ourselves, must everywhere affect human affairs, 
we need human guidance. It is to wise and experienced men like 
Mr. Woolcock that we instinctively turn for such help; and not 
one of you does not know how well and generously Mr. Woolcock 
gives it—think of one example alone, chemistry at Wembley. 
Mr. Woolcock fulfils the function of an ideal catalyser; for he 
starts, facilitates, or hastens actions, without upsetting any equi- 
librium, and himself emerges apparently unchanged at the end. 

I ask you to couple with the toast of the Federated Societies the 
name of Mr. Woolcock. 

Mr. W. J. U. Wootcocx in his reply stated :— 

I feel my efforts to respond to this toast will be somewhat inade- 
quate, the more so as on looking at the toast list and seeing the term, 
“The Federated Societies,” I did not know what was meant by it. 
My chemical education is, as you know, very limited. Hitherto 
I have supposed that I knew just sufficient chemistry to understand 
what the real chemist was talking about when I had to take his 
advice. For once I have failed. Professor Masson, convincing as 
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he is on most subjects, lucid to a fault on his own particular subject, 
has left me absolutely in the dark as to what is meant by the 
‘“* Federated Societies.’ I at first thought that possibly it was a 
misprint and that Sir William Pope was intended to reply on behalf 
of the Federal Council. The delightful language in which Professor 
Masson brushed on one side the Federal Council leaves me in no 
doubt that he is not referring to that body, but he gave us, in order 
that we might know exactly about what we are talking, a list of 


learned bodies which, in the hope or in the anticipation of the 


Chemical Society, will ultimately become federated. Let us hope 
that that will eventuate. In future when I have to think of a reason 
why I should be considered a chemist, I shall always think of what 
Sir Frank Heath said, and regard adaptability as a qualification in 
a claim for that distinguished name, because I think it is a qualifica- 
tion which those of us who lack some qualification in science may 
readily embrace and regard as practicable, and in that way seek 
admission to the inner circle, because it is very true that the chemist 
is an adaptable person, and those who have to have something to 
do with him need to be adaptable as well. 

It has been my fortune during the past twelve months to study 
two chemists at very close range. In fact, if I had attempted to 
define the Federated Societies I should have thought of a rather 
shorter list, and thought of the Chemical Society, the Institute of 
Chemistry and the Society of Chemical Industry, because of the real 
federation which has existed between those three bodies for some 
little time, and perhaps never more closely than during the past 
twelve months. I have been able to study at short range the 
Presidents of the Chemical Society and the Institute of Chemistry. 
We have travelled together, and it is a common thing for Professor 
Henderson and myself to speak together in different towns. That 
kind of intimacy brings familiarity and a working together which 
can only be obtained in that way. I remember that some time 
ago we arrived in Birmingham together. We had been in Glasgow 
the night before and had as usual said the proper thing about each 
other. Professor Henderson, when we got to Birmingham, called 


my attention to a placard just outside the station, and, after a 


quick glance, said, “‘ They know we are coming,” but not taking it 


quite as quickly as Professor Henderson, I saw that he was mistaken _ 


and-I studied it a little more closely. The two Macs advertised — 


there were not ourselves. 


During the past twelve months there has been hardly a local — 


branch of the Society of Chemical Industry or of the Institute of 


Chemistry that has not had a joint dinner. This indicates a desire 


for co-operation among the rank and file of which those who are 
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temporarily the leaders of the chemical societies and associations 
in this country will have to take notice. 

I do not myself believe it is possible for the Councils of the various 
Societies to lay down a definite scheme for federation and to attempt 
to impose that on the local branches of the various Societies, but I 
do think that at the present time there is a demand throughout the 
country that we shall do something to prevent this appalling over- 
lapping and duplication in the production of chemical literature, and 
do something which will satisfy the man who likes to consider 
himself in the rank and file and who at the same time feels that there 
is a definite need for a closer union among the Societies and the 
Associations. 

Well now, neither Professor Wynne nor Professor Henderson nor 
myself is capable of doing that sort of thing individually. Together, 
of course, we have found it very easy. If we were upon a job which 
required modesty of demeanour, Professor Palmer Wynne did it. 
If it required some of that native shrewdness and ruggedness of 
character, Professor Wynne and I pushed Professor Henderson into 
it. If, of course, it were a mere torrent of words that was required, 
you know what would happen. But unlike the Duke of Plaza 
Toro, we have no desire to lead our Societies from behind, and in our 
individual capacity—not in our representative capacity—we have 
prepared a scheme for a Chemistry House to which each of us felt 
entitled to put his name, not binding our respective Societies or 
Associations in any way. This is a scheme which we feel we can 
recommend to those of our friends who are prepared to listen to our 
recommendations. I feel that with you, Dr. Crossley, in the chair 
in succession to Professor Palmer Wynne—and if I may say so, I 
welcome you very heartily in the chair—the work will continue. 

We of the ‘‘ Federated Societies,”’ yes, of the Federated in inverted 
commas Societies, thank you very much indeed for inviting us 
to-night, and thank Professor Masson for proposing the toast. We 
wish the Chemical Society every prosperity during the coming year, 
and hope that the traditions which have been built up during the 
past four or five years of close working and co-operation between the 
officers of the various Societies will be maintained. We trust that 
under your guidance those traditions will continue and we may be 
even more successful in the coming year than in the past. 

Professor F. G. Donnan, C.B.E., D.Sc., F.R.S. (Foreign Secretary), 
proposed the toast of “ The Guests; > coupled with the names of 
Professor Ernst Couen, of Utrecht University (representing the 
Nederlandsche Chemische Vereeniging), and Mr. J. HUNTER Gray, 
K.C., M.A. He said :— 

We have here to-night four distinguished representatives of 
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Holland, Professor H. J. Backer, Professor Ernst Cohen, Professor 
A. F. Holleman, and Professor H. ter Meulen. Three of them are 
accompanied by their wives. May I say that we wish these ladies 
also a very hearty welcome to London and to the Chemical Society 
dinner. 

I believe it is true that although the population of Holland is 
relatively small, actually the largest number of Nobel prizes has 
been given to that nation, which is a wonderful tribute to the 
scientific output and ability of Holland. It is nothing new, for that — 
country has always been perhaps the greatest centre of scientific 
culture in Europe. I have great pleasure in saying a few words 
about my friend Professor Cohen, of Utrecht, whose name I have the 
honour to couple with this toast. I think it is rather late in the 
evening to refer to the distinguished work of Professor Cohen, but 
he is the most eminent pupil of that great man, Professor J. H. van’t 
Hoff, and is one of the greatest authorities on the effect of high 
pressure on chemical reactions, and many other things. 

When I come to look at the list of other distinguished guests 
associated with this toast, I feel like a miserable sinner transported 
to Paradise and asked to propose the toast. of all the holy Saints. 
The Rt. Hon. Sir John Anderson, G.C.B. (Permanent Under- 
Secretary of State for Home Affairs), is one of our guests, and may I 
assure him, speaking as one Secretary of State to another, that if in 
the conduct of the affairs of this great country he wishes for any 
advice, the President of the Chemical Society will be always willing 
to help. : 

I have also the pleasure of coupling with this toast another name, 
that of one of those modest men of law, Mr. J. Hunter Gray. Ihave 
had the honour to be associated with him in one or two cases. It 
is needless to speak about these great men, because we all spend 
our nights reading the Evening Standard, and our days reading The 
Times, and we have the greatest admiration for their work. 

There is one thing I should like to say before I conclude, namely, 
in reference to a very important part of the toast, that of the ladies 
present to-night. We wish them all a very hearty welcome. 

It is my great pleasure and honour now to give you the toast of - 
“The Guests,’ coupled with the names of Professor Cohen and 
Mr. Hunter Gray. 

Professor Ernst ConEn, who replied for the Dutch chemists 
present, said :— 

During the toast of my friend Donnan I made some notes, but it 
seems to be impossible to make a response to all the remarks he 
made in the toast. I think it would take too much time. This 
afternoon I had a warning from the new President of your Society 
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that everyone must be brief. I think there is no nation more fond 
of conciseness in speech than the English. Take, for instance, your 
chemical abstracts. When an English chemist wants to describe 
the properties of any substance or fluid he says: B.P. 100, F.P. 
zero, D.C. 80, and for those who are not familiar with those tele- 
graphic hieroglyphics I will add that B.P. means boiling point, 
F.P. freezing point, D.C. dielectric constant. 

In English literature or poetry you find absolutely the same thing. 
I remember an English rhyme made up of initial letters which, for 

those who are not in a hurry, I will translate: 
A fishy old fisher, called Fisher, 
Fished fish on the edge of a fissure. 

The fish with a grin 


Pulled the fisherman in. 
Now they’re fishing for the Fisher within. 


But the most striking conciseness is found in the language of 
English daily life. When I have to write a letter to the Foreign 
Secretary of the Chemical Society I write: F. G. Donnan, M.A., 
Ph.D., F.R.S., F.S.C.8S., London, W.C.1, and so I could goon. If 
I were to follow these lines in responding, I would have to condense 
them into a few initials, which in plain English would mean, “ I 
wish to the Council and the Fellows of the Chemical Society, good 
luck, welfare, prosperity and happiness.” 

Ladies and gentlemen, as I am a foreigner, you will allow me to 
express myself in asomewhat more elaborate way. In the first place, 
I have to thank the Council and the Fellows of the Chemical Society 
in the name of my Dutch colleagues who were so kindly invited to 
attend this dinner and the Annual Meeting this afternoon, and also 
to thank you in the name of the Dutch Chemical Society whose 
representatives are prevented from being here and celebrating with 
you the birthday of this Society with which so many illustrious names 
are linked. 

There is a French saying which means, ‘‘ Every meeting we finish 
by a dinner whenever we can, and it is by a dinner that we rule over 
man.” But I make an alteration in the last line and say, “ It is 
our dinners which delight ladies and men.” ‘The question arises 
as to the origin of the custom of finishing such a meeting with a 
dinner. We have had two dinners to-day; in the. afternoon our 
President gave us mental food in his most interesting lecture, 
and now we have material food. Whence comes the custom of 
linking the two? It is your countryman, J oseph Priestley, to whom 
you are indebted for this most pleasant custom. Priestley has been 
pictured in a fascinating way in a caricature by one of your country- 
men as sitting at a dinner, but at a dinner which he never attended. 
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Priestley was a very wise man, He also invented soda-water, a 
very good remedy for many persons who have attended a dinner. 
IT have been so lucky as to find the caricature, and I have had it 
copied and will ask you all to accept a copy not only as a memento of 
this splendid invention by your countryman, but also as a memento 
of most pleasant hours Spent in your company. JI feel sure that my 
Dutch colleagues will feel with me that we have had a very interest- 


ing meeting and enjoyable dinner with you, and thank you all for 


the very kind way in which you have invited and entertained us. | 

Mr. J. HUNTER Gray also replied, saying :— 

Professor Donnan, and members of the Chemical Society, a few 
days ago I had the burden and privilege to make the last speech at 
another meeting and I had taken the greatest trouble to prepare 
an impromptu speech to deliver on that evening. It passed through 


my mind that I might palm it off once more, but I had no sooner ; 


come into this room than I found two members of this company— 
Sir Frank Heath and Professor Armstrong—who had heard my last 
impromptu effort. Therefore I am thankful I had made prepara- 
tions for another impromptu speech. 

This toast recalls to me a set of questions and answers which 
appeared recently in one of the hewspapers. The publication of 
those questions and answers was for the purpose of demonstrating 


the super-excellence of a system of education in this country for — 


which we paid so many millions of pounds annually. One question 
put was, What is a Guest? One bright youth answered, “ A Guest 
is a joke.” Well, I hope the guests are not worse than jokes to- 


night, because I would rather be a guest than a nuisance, especially | 


as I am making the last speech on the toast list. The guest who 
talks too much is apt to become a nuisance, so I will be quite brief, 
Another answer was, “A Guest is a person usually of the male 
sex who eats and drinks as much as he can and pays nothing for it.” 
I suspect that the young person who wrote that answer was a pre- 
cocious member of the other sex. But we do, as guests, come within 
that definition. 

We to-night are guests of a most eminent body of scientific men, 
and it is inevitable that our thoughts should be extraordinary when 
we hear about molecules and atoms and the somewhat dubious 
relationship between them, and we may play with unusual ideas. For 
example, usually when I look at the menu and note the various 
courses and I see there is one course entitled Saumon d’ Ecosse with 


some other French words, I should say that was good Scotch salmon. — 


But no such thoughts came into my mind to-night. When I put 


my knife into that salmon, I wondered if I should find at least a 


dozen’ of those bodies Sir Frank Heath referred to, vitamins, 
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running about, and perhaps I might even find a few of those bodies 
known by some curious names, and see the poor little vitamin 
running away and calling in terror-stricken tones, “‘ Yadil, Yadil.”’ 

But let me be serious. I am not one of those, although a mere 
lawyer, who think that the premier gifts of scientific genius have 
departed from this country. I believe that in the future, as in the 
past, our British men of science will remain in the van of scientific 
progress. The whole world has marvelled at the wonderful work done 
by them, and especially, may I say, by our chemists in the Great 
War, and believing, as I do, that any future warfare will depend 
more and more upon scientific progress, I have no fear, if only the 
public and the Governments of this country will give to science that 
encouragement which it demands and which it deserves. 

I am proud to be associated with the great scientist Professor 
Cohen to-night in responding to the toast of the Guests. We, the 
Guests, thank you, our Host. 


Ordinary Scientific Meeting, Thursday, April 2nd, 1925, at 8 p.m., 
Dr. ArruuR W. Crosstey, C.M.G., C.B.E., D.Sc., F.R.S., President, 
in the Chair. 

The PresipENt referred to the loss sustained by the Society, 
through death, of the following : 


Honorary Fellow. Elected. Died. 
Guglielmo Korner ..25...0F GK Jan. 20th, 1898. March 28th. 
Fellows. 
Charles Samuel Mummery ......... Dec. 5th, 1907. March 27th. 
Robert Atkinson Oddy ............ Feb. 21st, 1918. March 12th. 


The PRESIDENT announced : 


1. That the Keith Gold Prize Medal of the Royal Society of 
Edinburgh awarded to the late Robert Traill Omond, LL.D., has 
been lent by Mr. Arnold Stevenson for exhibition in the Medal 
Case. It is hoped that other Fellows will add to the interest of 
the Society’s Collection by loan or gift. 

2. That the following Committees for 1925-1926 had been 
appointed by the Council : 

Finance Committee: J. L. Baker, A. Chaston Chapman, I. P. 
Dunn, C. A. Hill, G. T. Moody, R. H. Pickard, and the Officers 
(Treasurer as Chairman). 

House Committee: J. L. Baker, Sir Herbert Jackson, Atewnnden 
Scott, J. M. Thomson, Sir William Tilden, E. W. Voelcker, and the 
Officers. 

Library Committee: P. P. Bedson, O. L. Brady, J. R. Parting- 
ton (Chairman), Sir Thomas K. Rose, Alexander Scott, J. F. 
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Spencer, the Officers, and the Librarian, together with the following 
representatives of contributing Societies : J. L. Baker, R. B. Brown, 
J. C. Drummond, A. Harden, J. P. Longstaff, R. L. Mond, G. 
Senter. 

Publication Committee : H. B. Baker, E. C. C. Baly, H. Bassett, 
O. L. Brady, H. W. Dudley, U. R. Evans, J. J. Fox, A. J. Green- 
away, I. M. Heilbron, T. A. Henry, C. K. Ingold, H. McCombie, 


I. Masson, W. H. Mills, T. S. Moore, G. T. Morgan, J. R. Partington, — 


J. C. Philip, R. H. Pickard, F. L. Pyman, N. V. Sidgwick (Chair- 
man), W. P. Wynne, and the Officers. 

Research Fund Committee: <A. J. Allmand, H. B. Baker, 
K. C. C. Baly, J. B. Cohen, W. H. Mills, Sir Robert Robertson, 
R. Robinson, N. V. Sidgwick, Sir James Walker, W. P. Wynne, 
and the Officers. 

The following were formally admitted Fellows of the Chemical 
Society: G. E. Gardam, G. E. Watts. 

Certificates were read for the first time in favour of : 

Neville Melton Bligh, A.R.C.S., A.I.C., 67, Castle Road, Bedford. 

Hugh Alexander Millar Borland, M.Sce., A.R.C.S., 14, Cotham Road, Bristol. 

Malcolm Sinclair Gaskill, 3, Buckingham Road, Hilton Park, Prestwich, 
Manchester. 

Norman Hamer, Ash Mount, Holcombe, Manchester. 

Ivor Gray Nixon, 75, The Vale, Golder’s Green, N.W. 11. 

Vincent Joseph Occleshaw, M.Sc., A.I.C., 22, Byrn Street, Ashton-in-Maker- 
field, Wigan. 

Leon Rubenstein, B.Sc., 87, Eaton Grove, Swansea. 

Alec Thomas Streather, B.Sc., A.I.C., 3, Wellington Road, Watford. 

Violet Corona Gwynne Trew, 18, Adam Street, Portman Square, W. 1. 


The following papers were read : 
“The formation of d-2: 2: 4-trimethylcyclohexan-3-one-1-carb- 
oxylic acid from d-camphorquinone.” By C. S. Grsson and 


J. L. Smmonsen. 
“ Aromatic esters of acylecgonines.” By W. H. Gray. 


“ The decomposition of hydrogen peroxide by cobaltic hydroxide.” 


By F. G. TryHorn and G. Jussopr. 


RESEARCH FUND COMMITTEE. 


‘A meeting of the Research Fund Committee will be held in June 
next. Applications for Grants, to be made on forms which can 
be obtained from the Assistant Secretary, Chemical Society, 
Burlington House, W.1, must be received on or before Monday, 
June Ist, 1925. 

All persons who received grants in June, 1924, or in June of 
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any previous year, whose accounts have not been declared closed 
by the Council, are reminded that reports must be returned by 
June Ist. 


PUBLICATIONS FUND. 

In connection with the Appeal for the Publications Fund issued 
by the Treasurer, it has been decided that a list of donations and 
subscriptions received shall appear in the Proceedings for June. All 
donations and subscriptions received prior to the end of May will be 
included in the List. 


LIST OF FELLOWS, 1925. 
It has been decided to print the List of Fellows for 1925 and 


to supply the List to those Fellows who make application to the 
Assistant Secretary by the 3lst July, 1925. 


BERICHTE, 1915 to 1924. 


Sets of the Berichte from 1915 to 1924 (10 years) are now offered 
to Fellows of the Society at £22, carriage extra. Application should 
be made to Mr. S. E. Carr. 


List of Papers,.or Abstracts thereof, received between March 20th 
and April 2nd, 1925. (This list does not include the titles of papers 
which have been read at a Scientific Meeting, or which have 
appeared in the Journal.) 


“The thermal decomposition of ammonia upon various surfaces.”’ 
By C. N. HinsHELWwoop and R. E. Burx. 

“ Strychnine and brucine. Part III. The position of the methoxyl 
groups in brucine.” By F. Lions, W. H. Perkin, and R. 
ROBINSON. 

“Compounds of tervalent molybdenum. Part III. New oxal- 
ates.” By W. WaRpDLAw and W. H. Parker. 

“The composition of starch iodide.” By H. D. Murray. 

“Note on the atomic volume of manganese.” By A. N. CAMPBELL. 

“Note on molybdenum semipentoxide.”” By W. Warpiaw and 
IF. H. NIcHOLLs. 

“The action of hydrogen chloride on cyclohexylideneazine and on 
cyclopentylideneazine.” By W. H. Prrxin and 8. G. P. 
PLANT. 
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“ The constitution of soap solutions in the presence of electrolytes : 
sodium laurate and potassium chloride.” By W. C. Quick. 

“The tautomerism of dyads. Part III. The effect of the triple 
linking on the reactivity of neighbouring atoms.” By E. H. 
INGOLD. 

“The molecular condition of phenol in benzene solution.” By 
J. C. Puri and C. H. D. Crarx. 

“The solubility of sulphur dioxide in water and in aqueous 


solutions of potassium chloride and sodium sulphate.” By , 


J. C. Hupson. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, MAY 7ru, 1925. 


BsERRuM, Niets JANNIKSEN, Copenhagen, Vendersgade 28. Danish. 
Professor in Chemistry at the Royal Veterinary and Agricultural College in 
Copenhagen. Researches on liquid potentials, on complex compounds, 
especially of chromium, on the ionisation of electrolytes, on the thermic 
dissociation of water and carbon dioxide, on the theory of titration, on the 
atomistic explication of ultra-red spectra, etc. (Signed by) F. G. Donnan, 
J. N. Collie, W. E. Garner. 

BLUNSDEN, ARCHIBALD BrErEsForD, ‘‘ The Bungalow,’? Westbury-on- 
Trym, Bristol. English. Asst. Tech. and Analytical Chemist. Employed 
for over five years by The British Oil and Cake Mills, Ltd. (Bristol branch) 
in research, etec., in their laboratory and works. Evening study at the 
Merchant Venturers Tech. College, including lectures, advanced analysis, and 
research. City and Guilds of London Institute Final Certificate (Techno- 
logical) in Oils, Fats, and Candle Manufacture. National Certificate in 
Chemistry. Desire to keep up-to-date with advance in the scientific world, 
(Signed by) Arthur Marsden, M. W. Jones, Chas. J. Waterfall, S. Siddons 
Wilson. 

BLyYDE, GEOFFREY ALGER, “ East Cliffe,’ East Bank Road, Sheffield. 
British. Steel Maker at A. Blyde & Co., The Wallace Steel Works, Sheffield. 
Late Student of Metallurgy, Applied Science Department, The University of 
Sheffield. I am desirous of joining with a view to extending my knowledge 
of Chemistry and Metallurgy by the use of the Society’s Library and Journals. 
(Stgned by) John Evans, L. Archbutt, J. E. A. Blyde. 

Bowes, THomas Henry, “ Allandale,’’ Meadowside Rd., Cheam, Surrey. 
British. Chemist, lst Grade, Government Chemists’ Department. 28 years 
Government Chemists’ Department. (Signed by) R. Robertson, Geo. Stubbs, 
did Hox, 

BrinDiey, WittiAM Harrison, 11, Millmoor Terrace, Glossop, Derby- 
shire. British. Demonstrator in Chemistry, Faculty of Technology, Univer- 
sity of Manchester. M.C., M.A. (Cantab.), M.Sc.Tech. (Manc.), A.I.C. 
Demonstrator as above since 1921. Joint author of ‘‘ An Attempt to Resolve 
Quaternary Phosphonium Compounds,’ and ‘‘ Some Esters of Anisie Acid.” 
(Signed by) Frank Lee Pyman, Fredk. M. Rowe, John K. Wood. 

Bucuan, JamMES Linpsay, Hampden Club, London, N.W.1. British. 
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Physico-chemical Research Student, University College, London. B.Sc. 
(Lond.), Hons. Chemistry. (Signed by) F. G. Donnan, W. E. Garner, 
D. McKie. 

Buri, Frank Henry Caarzres, 50, Cornwall Road, Bishopston, Bristol. 
British. Works Chemist in the employ of Bristol Gas Company, Bristol. 
B.Se. degree 1916 (Bristol University) (Subjects: Chemistry, Physics, 
Mathematics); Associate of the Institute of Chemistry, 1919; Full Techno- 
logical Certificates in Gas Engineering and Gas Supply from City and Guilds 
of London Institute, 1923—4. (Signed by) F. Francis, J. W. McBain, M. E- 
Laing. 

ButLER, JOHN ALFRED VALENTINE, ‘‘ The Potteries,’’ Winchcombe, Glos. 
British. Assistant Lecturer in Chemistry, University College of Swansea. 
M.Sc. (Birmingham), 1922. Author of papers: Trans. Faraday Soc., 19, 
659, 729, 734, 1924; J. Phys. Chem., 28, 438, 1924; Phil. Mag., 48, 746, 927; 
Zeits. phys. Chem., 118, 279, etc. J.C.S., 1923, pp. 2370, 2380; 1924, 
pp. 963, 1101 (jointly with other authors). (Signed by) G. T. Morgan, 8. R. 
Carter, J. E. Coates, L. E. Hinkel, E. E. Ayling. 

Byrorp, ANNIE LavintA, 73, Elderton Rd., Westcliff-on-sea, Essex. 
British. Student of Chemistry. B.Sc. (Pass). Studying for B.Sc. Honours 
in Chemistry at Bedford College for Women. (Signed by) J. F. Spencer, 
H. Crompton, P. V. McKie, E. R. Levy. 

Ciecc, JAMES HersBeErt, ‘“ West Cliffe,’ Queens Park Rd., Burnley. 
British. Engineer and Manager, Burnley Corporation Gas Dept. Member 
of the Institution of Gas Engineers. My object in seeking membership of 
your Society is to extend my knowledge of and assist in the furtherance of 
Chemical Science. (Signed by) Raymond Ross, Ernest Hardiker, J. P. 
Leather. 

Cocxrort, Horace Ceci, 6, Highfield Terrace, Halifax. British. School- 
master. London, B.Sc., 2nd Class Hons. Chemistry, 1922; Associate of the 
Institute of Chemistry, Jan..1923; Student at University College, Reading, 
1919—1922. Research work on CuCN-KCN-H,O system incorporated in 
paper, Bassett and Corbett, J.C.S., Vol. 125, 1924. (Signed by) Robt. D. 
Abell, H. Bassett, J. W. Dodgson. 

CoyNE, FRANCIS XAVIER, 160, Addison St., Blackburn, Lanes. English. 
Student at the Blackburn Technical College. Three years’ work at a Manu- 
facturing Chemist’s as a chemist, in the laboratory. Proficiency in Chemistry, 
Physics, Mathematics, German, French, Latin, and Greek. (Signed by) 
G. W. F. Holroyd, Harry G. Leigh, Robert H. Pickard. 

Craik, JAMES, The: University, St. Andrews. British. Carnegie Research 
Fellow. M.A. 1920 (St. Andrews). B.Sc. 1921 (St. Andrews). Ph.D. 1924 
(St. Andrews). Author of a paper entitled ‘‘ The Mechanism of the Oxidation 
of Typical Carbohydrates with Hydrogen Peroxide and Hypochlorous Acid,”’ 
J. Soc. Chem. Ind., 1924, 48, 171. At present engaged in Research Work in 
the Chemistry Department, University of St. Andrews. (Signed by) J. C. 
Irvine, John Read, G. M’Owan. 

DANE, HERBERT GREETHAM, The Diocesan Training College, Winchester, 
Hants. British. Tutor and Lecturer (and Demonstrator) in Chemistry at 
the Winchester Training College. B.Sc. with First Class Honours in Chemistry, 
Sheffield, 1922. M.Sc. (Sheffield) 1923. Worked under Dr. J. Kenner 
1921-22 on the Influence of Steric Factors on Intramolecular Condensation, 
see J. Kenner and E. Witham, 7'., 1921, 1452. (Signed by) W. P. Wynne, 
F. G. Tryhorn, Arthur W. Chapman. 

Dran, Harry, 134, New Lane, Oswaldtwistle, nr. Accrington. English. 
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Textile Chemist and Colorist. Assoc. Manchester Coll. of Technology 
(Bleaching, Dyeing, and Printing, including advanced Organic Chem. and 
Dyestuffs Intermediates). 8rd year College Certificate of Blackburn Tech. 
Coll. (Inorg. and Organic Chem. and allied subjects). (Signed by) Percy J. 
Rhodes, G. W. F. Holroyd, E. Knecht. 

Dixon, Marcarer StrpMan LEONORA, Homebush, Worcester Rd., Sutton, 
Surrey. British. Student. A student taking a B.Sc. Honours Degree in 
Chemistry at Bedford College for Women (University of London). (Signed 
by) J. ¥. Spencer, H. Crompton, P. V. McKie. 


FarNnELL, Ropin Georce Westsury, Exeter College, Oxford. British. | 


Chemist to the British Empire Sugar Research Association, 3, 5, 7, Old Queen 
St.. S.W.1. A.R.C.S. A.I.C. Research into the colloidal constituents of 
the juice of the sugar cane. (Signed by) James C. Philip, M. A. Whiteley, 
H. B. Baker. 

FAULKNER, Irvine Joun, Emmanuel College, Cambridge. British. 
Research Student. (Signed by) T. M. Lowry, R. G. W. Norrish, L. P. 
McHatton. ; 

Firett, Tuomas, Anchor Cottage, Kirkwall, Orkney. British. Chemist. 
At present Works Chemist in a Factory. 4 Years’ Course at Glasgow Univer- 
sity, 1919—1923; Graduated B.Sc. (Applied Chem.) and was elected A.I.C., 
1923; Works chemist at Thornley Binders, Ltd., since January 1924. 
(Signed by) G. G. Henderson, T. 8. Patterson, R. Wright, 8. Horwood Tucker. 

GARDNER, THomas JAMES Extyan, 12, Bushwood Road, Kew, Surrey. 
English. Works Chemist (Consol Products, Ltd., Sunbury Common, Middle- 
sex). 30 Years’ experience in Manufacturing Chemistry, especially in the 
investigation and perfecting of Synthetical Essences and like products. I 
am anxious to keep in touch with the developments of modern Chemistry, 
particularly as applying to my own work. (Signed by) Francis W. Hodges, 
Frank A. Boys, Archibald Macpherson. 

GaRRAN, Ricuarp Ranpotpu, Orphir, St. George’s Rd., Toorak, Mel- 
bourne, Australia. Research student at the University of Melbourne. 
Bachelor of Science (Melbourne), Ist class Honours and Exhibition in 
Chemistry in first and second years, 2nd class in third year. Has since done 
a year’s research (heterogeneous equilibrium) and is at present reading for 
Final Honour Examinations in Chemistry. (Signed by) A. C. D. Rivett, 
E. J. Hartung, W. Davies. 

GIBLIN, JOHN CHARLES, 3, Kensington Terrace, Brecon, Wales. British. 
Science-master, Christ College, Brecon. Bachelor of Science (London, Ist 
Hons. Chem.). Associate of the Institute of Chemistry. (Signed by) W. J. 
Jones, Claude M. Thompson, E. P. Perman. 

GILCHRIST, HELEN Simpson, 82, North St., St. Andrews. British. Re- 
search Chemist, Food Investigation Board, D.S.I.R. B.Sc. (St. Andrews), 
1917. Ph.D. (St. Andrews), 1921. Author of a thesis on ‘‘ The Preparation 
and Constitution of Synthetic Fats, containing a Carbohydrate Residue.” 
Assistant in Chemistry, The University, St. Andrews, 1918—2]. Joint 
author, with Principal Irvine, of (1) A Synthetic Fat, etc., 7., 1924, 125, 1. 
(2) Condensation of Mannitol with Olive Oil, ibid., 10. (Signed by) J. C. 
Irvine, John Read, G. M’Owan. 

Haprietp, IsanrL Hopason, 65, Langham Rd., Teddington, Middlesex. 
English. Research Chemist. M.Sc., London University. Seven years’ 
research work for the Aeronautics Advisory Committee. Member of the 
staff at National Physical Laboratory. (Signed by) Guy Barr, L. L. Bireum- 
shaw, J. T. Hewitt. ‘ 
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Hatrin, James Francis, St. Chads, 39, Benson Road, Forest Hill, S.E. 23. 
British. Superintending Chemist, Government Chemist’s Department. 
Superintending Chemist in the Government Laboratories. Fellow of the 
Institute of Chemistry. (Signed by) Robert Robertson, Geo. Stubbs, A. More, 
J. J. Fox. 

Hanson, Donatp, 7, Willow Bank, Halifax. English. Works Chemist. 
Passed in Physics as subsidiary to taking Honours B.Sc. (External) of London 
University. Also 8 years’ Laboratory and Technical Experience in Explosive 
Manufacture, Tar Distillation, Textile Chemistry, and Analytical Work. 
(Signed by) W. Sowden, G. C. Riley, W. J. Stansfield. 

Haworty, Tuomas, 8, Park Terrace, Fielding Lane, Oswaldtwistle, Lancs. 
English. Assistant Gas Engineer and Manager, Oswaldtwistle Urban District 
~ Council. (Signed by) G. W. F. Holroyd, Harry G. Leigh, J. T. Holden. 

HEATON, JoHN STANLEY, 43, Birch Rd., Crumpsall, Manchester. British. 
Research Chemist. Student and research worker at Liverpool University 
for five years. B.Sc. (Ist Hons.). Ph.D. Now engaged on research in 
textile industry. ‘‘The Investigation of Meso-thioanthracene Derivatives. 
Part I,’? Heilbron and Heaton, J.C.S., 1928, 128, 173. (Signed by) I. M. 
Heilbron, William Doran, F. C. Guthrie. 

HENsMAN, JoHN Cyrit, M.A., A.I.C., Aldenham School, Elstree, Herts. 
British. Chemistry Master, Aldenham School. 1921, Cambridge Natural 
Sciences Tripos, Part I (Chem., Physics, Physiology); 1923, Cambridge 
Natural Sciences Tripos, Part II (Chemistry); 1923, elected to an Associate- 
ship of the Institute of Chemistry; 1923-4, Asst. Science Master, Rotherham 
Grammar School, Yorks.; 1924, Chemistry Master, Aldenham School. 
(Signed by) T. M. Lowry, W. H. Mills, Charles T. Heycock. 

Hinz, Josmepy, 58, Spring St., Accrington, Lancs. English. Chemist 
(Works). Past Blackburn Tech. College, 4th year Day Course. Occupation : 
Chemist, East Lancashire Scap Works. (Signed by) G. W. F. Holroyd, 
Harry G. Leigh, J. T. Holden. 

Hocxine, Freperick Denison Mavricre, 18, Woodside Park Road, 
N. Finchley, N.12. British. Biochemist (and at present Final Year 
Medical Student, Univ. of London). M.Sc. (Lond.) with mark of distinction. 
A.I.C. (1920). A.C.G.F.C. and Streathfield Memorial Prize, 1919. (Signed by) 
A. Prideaux Dawson, Arthur J. Hale, H. M. Atkinson. 

Hoyviz, Jr, 11, Crow Lane, Ramsbottom. British. Finisher (Woollen). 
2nd and 3rd Year Certificates Chemistry gained at Blackburn Technical 
College. Ist, 2nd, 3rd, and 4th Year Chemical Trades Course. U.L.C.L., 
with distinction in Magnetism and Electricity. (Signed by) G. W. F. Holroyd, 
Harry G. Leigh, J. T. Holden. 

Hucues, Horace WitiiaM, 27, Ombersley Rd., Balsall Heath, Birming- 
ham. British. Schoolmaster. B.Sc. (Birmingham), Class 1 (1921). Prin- 
cipal Subjects: Metallurgy, Chemistry; Subsidiary: Strength of Materials. 
(Signed by) Harold Harris, Thomas Turner, Wm. Wardlaw. 

JACKSON, JosErH TayLor, B.Sc. (Lond.), 192, Algernon Road, Lewisham, 
S.E.13. British. Lecturer in Applied Chemistry at The Leathersellers’ 
Company’s Technical College, 8.E. 1. Bachelor of Science, London Univer- 
sity. Fellow Royal Microscopical Society, London. War service (France 
and Salonika), Sept. 1914-Jan. 1919. (Signed by) Arthur Harden, Charles 
Dorée, 8. Judd Lewis. 

Jeuvu, Davin Bret, 34, High Street, Welshpool, Montgomeryshire. British 
(Welsh). Research Student. B.Sc., University of Wales, First Class Honours. 
M.Se., University of Wales. Associate of the Institute of Chemistry. Paper 
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Jehu and Hudleston, T'rans., 1924, 125, 1451. (Signed by) T. Campbell 
James, C. R. Bury, L. J. Hudleston, H. Medwyn Roberts. 
Jopson, Wititam, 52, The Mall, Swindon, Wilts. British. Analytical 


Chemist. Asst. Analyst in G. W. Rly. Chemical Laboratory, Swindon, — 


for the last 25 years (less 44 years’ war service), appointed Chief Assistant, 
May 1922. Board of Education, S. and A. Dept., Inorganic Chemistry 
(Practical), Honours Part 1, 1903, Pass. (Signed by) W. R. Bird, T. C. 
Davison, T. Hartley. 

JONES, CiirrorpD Merton, Buxton Crescent, Newton Hill, Leeds Rd., 


{ 


- 
§ 


Wakefield. British. University Student (post graduate). Science student 


at Queen Elizabeth’s Grammar School, Wakefield (1914-1920). Laboratory 
assistant for two years (part time). Student in Science at University of 
Leeds, 1921 onwards. 2nd Class Honours B.Sc. in Chemistry, July 1924. 
(Stgned by) J. B. Cohen, W. Lowson, W. A. Wightman. 

JonES, THOMAS Wix11AM, 36, St. Vincent Road, Westcliff-on-Sea. English. 
Technical Chemist. B.Sc. (Hons. Chem.), London 1922. (Signed by) J. R. 
Partington, E. E. Turner, Stephen Miall, W. G. Shilling, F. A. Williams. 

Kranz, Joun, 6, Shamrock Villas, Drumcondra, Dublin. Irish. Assistant 
Lecturer in Chemistry, University College, Dublin. B.Sc. (First Hons.), 
1917. M.Se. 1918. Ph.D. 1922 (National University). (Signed by) A. G. G. 
Leonard, A. O’Farrelly, Sydney Young. 

Lucy, ALFRED, 16, Chesney Street, Battersea, London, S.W.11. British. 
Junior Assistant Chemist. Twelve years’ Practical Chemical experience 
in Works and Research Laboratories (7.c., The Gas Lighting Improvement 
Co., Ltd.), etc. Chemistry student, attended classes up to and including 
the B.Sc. Standard in Theoretical and Practical Inorganic and Organic 
Chemistry. Battersea Polytechnic certificates for Inorganic Chemistry and 
Oils, Fats, and Waxes. (Signed by) William A. Godby, J. L. White, John 
Wilson. 

Massott, Ernest Epwarp, 358, Fore Street, Edmonton, N. 9. British. 
Student. B.Sc. Engaged upon Organic Research work at East London 
College. (Signed by) J. R. Partington, E. E. Turner, A. T. Healey. 

McDowatt1, Davin, 2, Kennishead Road, Thornliebank, Glasgow. British. 
Process Supervisor, Calico Printers, Ltd., 8 years, Manager, McDowall, 
Morrison & Co., Ltd., Chemical Manufacturers, and interested in research 
on behalf of Chemical Industry and in connection with Manufacturing 
Chemistry. (Signed by) Robert Craig McDowall, W. McHutchison, Andrew 
S. Matchett. 

Manske, Ricuarp H. F., The University, Manchester. British. Research 
Student in Chemistry, Victoria University, Manchester. B.Sc. 1923. M.Se. 
1924. Queen’s University, Kingston, Canada. 1851 Exhibition Scholar, 
1924—from Canada. (Signed by) Arthur Lapworth, R. Robinson, J. Kalff. 

Morr, HueH Ciovston, 7, Craigielea St., Dennistoun, Glasgow. British. 
Chemist. Bachelor of Science (Applied Chemistry), Glasgow University. 
Associate of the Institute of Chemistry. Presently employed as Chemist 


by Wm. Beattie, Ltd., Dennistoun Bakery, 116, Paton St., Glasgow. (Signed 


by) G. G. Henderson, T. 8. Patterson, 8. Horwood Tucker. 
Morton, RicHarp ALAN, 2, Lumley Street, Garston, Liverpool. British. 


University Lecturer (Inorganic Chemistry). B.Sc., Ph.D. (Liv.), A.I.C, 


Several papers, J.O.S., Jour. Phys. Chem. (Signed by) E. C. C. Baly, Harold 
Rogerson, I. M. Heilbron. 


ee 
Movutps, FREDERICK WILSON, Hill Crest, Villa Road, Nottingham. British. Z 


Chemist and Druggist. Member of the Pharmaceutical Society. Chemist 
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in charge of the Laboratories of Messrs. Newball & Mason, Ltd., Nottingham, 
and a director of the firm. Late student of the University College, Notting- 
ham, where I studied Chemistry and Pharmacy, also Industrial Bacteriology. 
(Signed by) F. 8. Kipping, J. B. Firth, F. C. Laxton, Wm. H. Sims. 

Myers, ANDREW JosEPH, 12, Gardner Rd., Tue Brook, Liverpool. British. 
Works Manager and Chemist. 20 Years’ experience in Tar Distillation and 
research work on Roads Compositions. Have written and read papers on 
treatment of and construction of modern road surfaces. Designed a visco- 
meter for tar and bituminous compositions. (Signed by) George Tate, George 
S. Irvine, Thomas J. Roberts. 

Nasu, ALFRED WILLIAM, 18, Prospect Rd., Moseley, Birmingham. British. 
Professor of Oil Engineering and Refining. B.Sc. degree for original researches 
‘on the “* Pyrogenesis of Hydrocarbons.’ ‘‘ The Berginisation of Coal and 
Oil,” author, Journ. Inst. Pet. Technologists, Vol. 10, 43. ‘‘ Fuel Oil Resources 
of the Future,” joint author, Journ. Inst. Pet. Tech., Vol. 10, 47. ‘‘ Somerset 
Oil-shales,” joint author, Journ. Inst. Pet. Tech., Vol. 10, 47. 1907-22, 
engaged in Oil Refineries—eventually General Manager. 1922-present, 
Birmingham University, Senior Lecturer, afterwards Professor. (Signed by) 
G. T. Morgan, A. E. Dunstan, Harold Harris. 

OakutEY, HENRY Bowen, Wellcome Tropical Research Laboratories, 
Khartoum, Sudan. British. Assistant Government Research Chemist. 
Diploma of Imperial College. M.Sc. London. A.R.C.S. London. In con- 
junction with Prof. J. C. Philip, J.C.S., 1924, 128, 1189. (Signed by) A. F. 
Joseph, James C. Philip, M. B. Donald. 

Patmer, Epcar Kent, Rose Bank, Victoria Rd., Hale, Altrincham. 
British. Post-graduate research. Oct. 1919—July 1923, Student at College 
of Technology, Manchester, in full-time degree course in the Chemical 
Technology of Textiles. July 1923, Grad. B.Sc.Tech. June 1924, Research 
under Prof. E. Knecht, Ph.D., and at present the same. (Signed by) Frank 
Lee Pyman, Edmund Knecht, John K. Wood. 

PoMERANTZ, Davin, 15, Nottingham Place, Commercial Rd., E. 1. British. 
Student. Inter B.Sc. Two years at Royal College of Science for the 3 years 
necessary for the associateship (Chemistry). Am now doing the honours 
course at West Ham M. C. (Signed by) H. Bogdanor, George Dean, R. S. 
Glennie. 

Rawuiines, Harry, 15, Station Road, Ramsey, Huntingdon. British. 
Science master (Chemistry). B.Sc. Lond., 2nd Hons. Chemistry, 1921. 
Assistant Analyst, Messrs. Boots Pure Drug Co., Ltd., 1915-17. Unpub- 
lished research on organic derivs. of tin, under Prof. Kipping at Univ. Coll., 
Nottingham, 1921 and early 1922. Chemistry student at Univ. Coll., Notting- 
ham, 1917 and 1919-22. Am at present working for M.Sc. (Lond.) [May 
1925], and desire access to the Library of the Society. (Signed by) F. S. 
Kipping, E. B. R. Prideaux, J. B. Firth. 

REED, JOHN BRENT, 49, St. Mildred’s Rd., London, S.E.12. British. 
Assistant Research Chemist in the Research Laboratories of the South Metro- 
politan Gas Coy. Bachelor of Science, London. Associate of the Institute 
of Chemistry of Gt. Britain and Ireland. Student at Birkbeck College for 
the degree of Doctor of Philosophy. (Signed by) George Senter, S. Sugden, 
Walter T. J. Morgan, S. Medsforth. 

Ruopes, WILLIAM GEORGE, Park View, 318, Granville Rd. Park, Sheffield. 
English. Senior Science Master, Firth Park Secondary School, Sheffield. 
(Signed by) C. K. Ingold, John Evans, A. S. Russell. 

ROBERTSON, GEORGE JAMES, M.A., B.Sc., Ph.D., The Manse, Strathkinness, 
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St. Andrews, Fife. British. Assistant in Chemistry and Carnegie Teaching 
Fellow in the University of St. Andrews. A thesis entitled ‘‘ Investigations 
on Cellulose.”” Conjoint paper read by Principal Irvine before the American 
Chemical Society. (Signed by) J. C. Irvine, John Read, G. M’Owan. 

Satmon, Rosert Josepy, C.M.S. Medical Training College, Hangchow, 
Chekiang, China. British. Lecturer in Chemistry, Medical Training College, 
Hangchow. M.Sc. Manchester. (Signed by) Arthur Lapworth, Frederick 
Challenger, John F. Wilkinson, Harold Mastin, D. H. Bangham, Fred Fair- 
brother. 

SHEPHERD, JOHN Robert, Lady Hall Farm, Broughton-in-Furness, Lancs. — 
British. Chemist. M.Sc. (London) in Chemistry. A.I.C. (Signed by) 
Robert H. Pickard, J. Kenyon, J. L. White, A. Houssa, Harold Hunter. 

StncH, TERRAIN, alias Prem CHANDRA SHARMA, Engineering College 
Hostel, Benares Hindu University. Indian. M.Sc. Demonstrator in the 
Department of Industrial Chemistry of B.H.U. M.Sc. of the Benares Hindu 
University with a thesis on ‘‘ The Effect of the Size of the Soil-particles and 
Electrolytes on the Equilibrium of Moisture between the Seed and the Soil.” 
(Signed by) Phuldeo Sahay Varma, S. S. Bhatnagar, N. R. Dhar. 

SmirH, ALAN LawrENCE, Bank House, 22, Dean St., Blackpool. British. 
Trans. Chem. Soc., 1923, 128, 1046-1055, ‘“‘ The Interaction of Hydrogen 
Sulphide, Thiocyanogen and Thiocyanic Acid on Unsaturated Compounds.” 
M.Sc., Victoria University. (Signed by) Henry Stephens, Frederick Challenger, 
F. P. Burt, D. H. Bangham, Fred Fairbrother, John F. Wilkinson. 

THORN, GEORGE, Grove House, Beechen Grove, Watford. British. 
Science Master, Boys’ County School, Harrow. B.Sc. (Bristol). (Signed by) 
F. Francis, J. W. McBain, F. W. Rixon. 

TownseND, LronarD Witi1amM Ernest, 35, Harewood Rd., Collier’s 
Wood, Merton, 8.W.19. British. Assistant Chemist at the South Metro- 
politan Gas Co., 709, Old Kent Rd., S.E. Student, five years’ laboratory 
training. (Signed by) S. Medsforth, E. de Barry Barnett, P. C. L. Thorne. 

WALKER, LEsuiz Joun, 45, Devereux Road, Wandsworth Common, 8.W. 18. 
British. Student at the School of Pharmacy of the Pharmaceutical Society 
of Gt. Britain, 17, Bloomsbury Sq., W.C.1. Pharmacist, have passed. 
Qualifying Exam. of Pharmaceutical Society of Gt. Britain. Chemistry is 
included in this Exam., and it is my intention to continue studies in same. 
At present studying for Major Exam. of Pharmaceutical Society. (Signed by) 
C. E. Corfield, F. Browne, F. H. Lowe. 

WALKER, THomas KENNEDY, 4, Swythamley Road, Cheadle Heath, Stock- 
port. British. Research Chemist to the Institute of Brewing, Research 
Scheme Committee. Degrees: M.Sec., Ph.D., Victoria University of Man- 
chester. Fellow of the Institute of Chemistry. 'Two years’ research for the 
Admiralty, and for two years as Assistant Chemist to Sir R. Robertson, 
F.R.S., in the Research Department, Royal Arsenal, Woolwich. ‘Three 
years’ research in Organic Chemistry with Professor A. Lapworth, F.R.S., 
at Manchester University. For the past three years I have been assisting 
Professor F, L. Pyman, F.R.S., in investigations on the preservative prin- 
ciples of hops under the Institute of Brewing Research Scheme. Publications : 
‘““ Preparation of Sodium Ethoxide from Caustic Soda’ (Journ. Soc. Chem. 
Ind., 1921, 40, 1721); ‘‘ Condensation of Aryldiazonium Salts with Mono- 
alkylated Malonic Acids” (J., 1923, 128, 2775); ‘‘ Condensation of Aryl- 


diazonium Salts and of Alkyl Nitrites with Cyanoacetic Acid Derivatives a a 


(J., 1924, 125, 1622); five other papers dealing with the antiseptics of hops, 
of which one was published jointly with Professor Pyman and Harold Roger- 
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son, Esq. (Journ. Inst. Brew., 1922, 19, 929; 1923, 20, 373; 1924, 21, 570, 
712). (Signed by) Frank Lee Pyman, Fredk. M. Rowe, Jas. Grant. 

WaTERS, WILLIAM ALEXANDER, 35, Shirley Road, Cardiff. British. 
Research Student in Chemistry (Resident B.A. of Gonville and Caius College, 
Cambridge). Cambridge Natural Sciences Tripos, Part I, Class I, Cam- 
bridge Natural Sciences Tripos, Part II (Chemistry), Class I. Shuttleworth 
Research Studentship in Chemistry at Caius College, Cambridge. (Signed by) 
Hamilton McCombie, Harold A. Scarborough, Eric K. Rideal. 

WATSON, JAMES BERNARD, 30, Mulgrave Road, West Hartlepool. British. 
Metallurgical Chemist. Four years in the laboratory of the Technical College, 
West Hartlepool. Seven years as chemist in the Chemical and Metallurgical 
laboratory of the Central Marine Engine Works, West Hartlepool. (Signed by) 


J. W. Patterson, Gilbert Palmer, D. Arthur Ruell. 


Warts, Ernest Swann, ‘ Eaglesfield,” Limefield Road, Kersal, Man- 
chester. British. Chief Chemist, E. Griffiths Hughes, Ltd., Manchester. 
Qualifying Examination of the Pharmaceutical Society of Great Britain. 
(Signed by) S. Ernest Melling, Harry Brindle, Chas. Turner. 

WHAMOND, ARCHIBALD STEELE, 22, Church St., Alloa, Clackmannanshire. 
British. Analytical Chemist. Studied Chemistry at Heriot Watt College, 
Edinburgh, Day and Evening Classes, 1911-1914. March 1914—-Nov. 1923, 
Assistant Chemist, Messrs. Wm. McEwan & Co., Ltd., Edinburgh (Army 
Service, Sept. 1914-Jan. 1919). Nov. 1923-present time, Chief Chemist, 
Messrs. Geo. Younger & Son, Ltd., Alloa. (Signed by) John M. Guthrie, 
A. Scott Dodd, John Doull. 

Woopcock, Epwiyn Joun, ‘“ Stonecot,’ Claremont Hill, Jersey, C.I. 
British. Assistant Official Analyst. For the past 28 years Assistant to 
F. W. Toms, Esq., F.1.C., Official Analyst of Jersey, namely, the first five 
years as private assistant and since then as senior assistant analyst to the 
States of Jersey. (Signed by) F. W. Toms, Bernard Dyer, Alex. K. Miller, 
F. G. P. Remfry, G. Neville Huntly, R. Le Rossignol. 

WORTHINGTON, JOHN STANLEY, 27, Rowena St., Great Lever, Bolton. 
British. Works Chemist. Experience in manufacture of Heavy Chemicals 
at Messrs. John Smith Junr. & Co., Ltd., Great Lever Chemical Works, 
Bolton, since 1908. Student in Advanced Chemical Tech. at Manchester 
College of Technology. At present have control of large Sulphuric Acid 
Plant. (Signed by) Arthur Worthington, Frank Lee Pyman, T. Trevor 
Potts. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2): 

Bex, JAMES Munsiz, Dept. of Chemistry, Univ. of North Carolina, Chapel 
Hill, N.C., U.S.A. Canadian. Professor of Chemistry. Head of Chemical 
Department, University of N. Carolina. Formerly in Bureau of Mines, 


_ Washington, D.C., U.S.A. Numerous original publications, chiefly in the 


Journal of the American Chemical Society. (Signed by) James W. McBain. 
CAMERON, JOHN, Peking Union Medical College, Peking, Chihli, North 
China. British (Scotch). Pharmacist to the above-named institution. 
Member of the Pharmaceutical Society of Great Britain. Publications as 
per attached list to date (17 articles). Instructor in Pharmacy in British 
Army in France, 1917-18. Lecturer in Pharmacy and Materia Medica in 
Peking Union Medical College, 1920-25. (Signed by) A. E. Newland. 
Mcintyre, Gorpon, Sarnia, Ontario, Canada. Canadian. Chemist and 
Petroleum Technologist. Graduate McGill University, B.Sc., Ch.E. Chief 
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Chemist, Imperial Oil Refineries, Limited. (Signed by) Alfred Stansfield, 
Harold J. Roast. 

Tuomas, Professor Karz, M.D., Leipzig, Liebig str. 16. German. Pro- 
fessor ordinar. fiir physiologische Chemie an der Universitat, Leipzig, seit 
1921. Mitarbeiter von Hoppe-Seylers Zeitschrift fir physiologische Chemie 
(herausgegeben v. Kossel) und der Biochemischen Zeitschrift (herausgegeben 
von Neuberg). Schiiler von W. Wislicenus, H. Thierfelder und Max Rubner, 
Mitglied der Biochemical Society. (Signed by) George Barger, Robert 
Robinson. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 

Durarc, Louis, and Basaponna, M. Manuel théorique et 
pratique d’analyse volumétrique. 2nd edition. By Louis DupaRc 
and Paut WENGER. Paris 1925. pp. 214. ill. 18fr. (Recd. 
18/3/25.) ; From the Publisher : M. Payot. 

FRANZEN, Hans. Margarine. (Chem. Tech. in Einzeldarstel- 
lungen.) Leipzig 1925. pp. viii+ 100. ill. Gm. 10. (Recd. 
31/3/25.) From the Publisher : Herr Otto Spamer. 

INDUSTRIAL CHEMIST and chemical manufacturer: a journal 
devoted to the progress of applied chemistry and chemical enginte” 
ing. Vol. I, etc. London 1925-4. (Reference.) 

From the Publishers : The St. Margaret’s Technical Press. 

KGNIGLICH PREUSSISCHEN AKADEMIE DER WISSENSCHAFTEN ZU 
BERLIN. Monatsberichte 1876 & 1881. Berlin 1877 & 1882. 


(Reference.) From the Royal Society. 


LuNGE, GEORGE. The manufacture of acids and alkalis. Com- 
pletely revised and rewritten under the editorship of ALEXANDER 
CHARLES Cummine. Vol. IV. The manufacture of sulphuric acid 
(contact process). By Frank Dovetas Minzs. London 1925. 
pp. xvi-+ 428. ill. 36s. net. (Reference.) 

From the Publishers : Messrs. Gurney & Jackson. 

Roya TECHNICAL COLLEGE, [GLASGOW]. Journal: being a 
record of some of the research work carried out in the College by 
the staff and senior students. No. 1. Glasgow 1924. pp. 138. 
ill. (Reference.) From the Director, 

THORPE, JOCELYN FIELD, and WuitELEy, MartHa ANNIE. A 
student’s manual of organic chemical analysis, qualitative and 
quantitative. London 1925. pp. x + 250. ill. 9s. net. (Reed. 
19/3/25.) From the Authors. 

Il. By Purchase. 


—— ‘ 
a. 2 


AMERICAN ENGINEERING Counciu. Industrial coal: purchase, : 
delivery, and storage. New York 1924. pp. x+ 420. ill. 21s. — 


net. (Recd. 17/3/25.) 


ANDES, Lous Epear. Vegetable fats and oils: their practical 


en 
Be 
4 


Py 


preparation, purification, properties, adulteration, and examination, 
4th revised and enlarged English edition. By Herpert Birt- 
WHISTLE Stocks. London 1925. pp. viii + 413. ill. 15s. net. 
(Recd. 17/3/25.) 

Back, E., and Lanpf, A. Zeemaneffekt und Multiplettstruktur 
der Spektrallinien. (Struktur der Materie in Kinzeldarstellungen.) 
Berlin 1925. pp. xii+ 214. ill. M.14-40. (Reed. 8/4/25.) 

Bassett, Henry. The theory of quantitative analysis and its 
practical application. London 1925. pp. x-+ 308. 15s. net. 
(Recd. 25/3/25.) 

BuaKkE, ERNEST G. The seasoning and preservation of timber. 
London 1924. pp. xiv-+ 132. ill. 9s. 6d. net. (Recd. 17/3/25.) 

Bour, Nrets. The theory of spectra and atomic constitution. 
2nd edition. Cambridge 1924. pp. x +138. ill. 7s. 6d. net. 
(Recd. 25/3/25.) 

Born, Max, assisted by Frizprich Hunp. Vorlesungen iiber 
Atommechanik. Vol. I. (Struktur der Materie in Einzeldarstel- 
lungen.) Berlin 1925. pp. x + 358. M.15. (Recd. 8/4/25.) 

CoHEN, Jutius Brrenp. Practical organic chemistry.. 3rd 
edition. London 1924. pp. xvi-+ 520. ill. 6s. 6d. net. (Reed. 
25/3/25.) 

FIELD, SAMUEL, and Bonnry, SAMUEL Roperr. The chemical 
coloring of metals and allied processes. London 1925. pp. xx + 
264. ill. 10s. 6d. net. (Recd. 25/3/25.) 

FircerR, Prrer. Racemisierungserscheinungen bei optisch- 
aktiven Sulfidsiuren. Lund 1924. pp. 184. M.4. (Reed. 
31/3/25.) 

* FourNnHAU, ERNeEsT. Organic medicaments and their prepar- 
ation. Authorised translation by Wit1am ARTHUR SILVESTER. 
London 1925. pp. x + 262. ill. 15s. net. (Recd. 17/3/25.) 

Goocu, Frank Austin, and BrowninG, Pamir Empury. Out- 
lines of qualitative chemical analysis. 5th edition. New York 
1924. pp. vili-+ 184. ill. 7s. 6d. net. (Recd. 25/3/25.) 

Hopkin, ‘FREDERICK WILLIAM, and Cousen, ARNoLD. A text- 
book of glass technology. London 1925. pp. xxiv + 552. ill. 
42s. net. (Recd. 17/3/25.) 

Horman, Hxeinricu Oscar. Metallurgy of copper. 2nd edition. 
Revised by CanteE R. Haywarp. New York 1924. pp. xiv + 
420. ill. 25s. net. (Recd. 25/3/25.) 

LAMBERT, THomAS. Bone products and manures: a treatise on 
the manufacture of fat, glue, animal charcoal, size, gelatin, and 
manures. d3rd edition, revised and enlarged by Hirsert Birt- 
WHISTLE Stocks. London 1925. pp. viii+ 284. ill. 10s. 6d. 
net. (Recd. 25/3/25.) 
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Lors, Jacques. Regeneration from a physico-chemical view- 
point. New York 1924. pp. xi--+ 144. ill. 10s. net. (Recd 
17/3/25.) | 

Lucas, ALFRED. Antiques: their restoration and preservation. 
London 1924. pp. viii+ 136. 6s. net. (Recd. 25/3/25.) 

Nuary, A. L. Oil refinery specifications. Easton, Pa. 1924. 
pp. x +210. ill. 25s. net. (Recd. 17/3/25.) 

PAaRTINGTON, JAMES Rippick. A text-book of inorganic chem- 


istry for university students. 2nd edition. London 1925. pp. 


xii + 1068. ill. 25s. net. (Recd. 25/3/25.) 

Puusirer, H. B. Structural metallography : an illustrated text 
with laboratory directions for students. Easton, Pa. 1924. pp. 
vili + 210. ill. 17s. 6d. net. (Recd. 17/3/25.) 

Recror, Tuomas M. Scientific preservation of food. New 
York 1925. pp. xii-+ 214. 10s. net. (Recd. 17/3/25.) 

Rep, EsenezER Emmet. Introduction to organic research. 
[New York 1924.] pp. viii + 344. 24s. net. (Recd. 6/4/25.) , 

Rinne, Frrepricu. Crystals and the fine-structure of matter. 
Translated by Watter 8S. Sties. London 1924. pp. x + 196. 
ill. 10s. 6d. net. (Recd. 17/3/25.) 

StirtMaAN, JoHN Maxson, The story of early chemistry. New 
York 1924. pp. xiv + 566. 18s. net. (Recd. 25/3/25.) 

THRESH, JoHN CLoUGH, and BEALE, JOHN Foster. The examin- 
ation of waters and water supplies. 3rd edition. London 1925. 
pp. xiv + 590. ill. 25s. net. (Recd. 17/3/25.) 


Ill. Pamphlets. 

Boarp oF AGRICULTURE AND FisHeries. Statutory rules and 
orders, 1908, No. 964. Adulterations. Fertilisers and feeding stuffs. 
The fertilisers and feeding stuffs (methods of analysis) regulations, 
1908. London 1908. pp. 9. 

Griin, RicuarD. Die Einwirkung des Sulfidgehaltes auf die 
Eigenschaften von MHochofenschlacken und Hirttenzementens 
(From Stahl und Evsen, 1925, 45.) 

Haroup, CHARLES Henry Haster, and Ward, ARTHUR ROKEBY. 
Report on experimental work carried out at the Army School of 
Hy giene to demonstrate that chlorine gas in association with 


ammonia gas is a more efficient sterilizer of water than chlorine — 


gas used alone or chloros or bleaching powder. (From the J. Roy. 
Army Med. Corps, 1924, 41.) 

JosEpH, ALFRED Francis, MARTIN, FREDERICK JOHN, and 
Hanooox, J. 8S. The electrical method for determining soil alkali. 
(From the Cairo Sci. J., 1924, 12.) 


PROCEHEEDINGS 


OF THH 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, May 7th, 1925, at 8 p.m., 
Professor J. C. Putuir, O.B.H., D.Sc., F.R.S., Vice-President, in 
the Chair. 


The CHAIRMAN referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Edward Wightman Bell............ June 20th, 1889. Jan. 29th. 
BOT PEROQILG iu acd ach isa s so as cnes nue Dec. 2nd, 1875. April 12th. 
William Dugdale Harland ......... Feb. 7th, 1878. April 28rd. 
Sir David L. Salomons ............ May 4th, 1876. April 19th, 
George Young ........ Means eh anniek Dec. 4th, 1890. April 3rd. 


The CHAIRMAN announced : 

1. That the following address of congratulation had been sealed 
and would be presented to the Royal University of Pavia on the 
occasion of the Centenary Celebrations of that University which 
were being held from May 20th to 22nd, 1925: 


To the Rector, Senate, Professors, and Alumni 
of the Royal University of Pavia 
from The Chemical Society. 


Lhe Chemical Society sends cordial greetings and felicitations 
to the illustrious University of Pavia on the completion of no less 
than eleven centuries of high service to mankind. 

As representatives of a Science rooted in antiquity, we gratefully 
acknowledge the debt we owe to the members of your University 
who throughout the ages preserved ancient learning and extended 
the boundaries of knowledge, giving to us our heritage. We do 
not forget that the celebrated Lanfranc, one of your earliest and 
_ greatest teachers, carried the torch of learning to our country as 
Archbishop of Canterbury. Since her foundation the University 
of Pavia has given to the world many men distinguished for learning 
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and science—Alexander Volta, who pointed out new paths which 
now we follow, Camillus Golgi, the great neurologist, and many 
others whose genius we gratefully acknowledge. 

We join with those who will be hastening from all parts of the 
world to lay before you their tribute of praise, and we hope that 
in the future renewed prosperity will be added to your illustrious 
past. 

Signed on behalf of the Chemical Society. 

ARTHUR W. CrRossLEY, President. 
JOCELYN THORPE, J’reasurer. 


: | Ura aay Secretaries 
Ls) C. 8. Gipson, 
F. G. Donnan, Foreign Secretary. 


Sealed this Seventh day of May, One Thousand Nine Hundred 
and Twenty Five. 

- 2. That a copy of the works of the late Walthére Spring had been 
presented to the Library by the Belgian Chemical Society, and that 
this volume can be purchased from Monsieur J. Wauters, Secrétaire, 
Société Chimique de Belgique, 83, Rue Souveraine, Praveels, price 
40 francs, post free. 

The following were formally admitted Fellows of the Chemical 
Society: Alan D. Whitehead, Stuart R. Faneone, Leslie 8. Theobald, 
J. F. J. Rule, and A. H. B. Bishop. 

Certificates were read for the first time in favour of : 


Maung Hla Baw, R-1, 64th Street, Danneedaw, Rangoon. 
Joseph John Blackie, c/o Messrs. Duncan, Flockhart & Co., 104, Holyrood 
' Road, Edinburgh. 

Samuel Cyril Blacktin, M.Se., 173, Ecclesall Road South, Sheffield. 

Nirmal Boran Brohmachary, B.Sc., Ghugudanga-Post, 24, Porganas, Calcutta. 

Gertrude Margaret Bullick, B.Sc., 43, Belsize Park, Hampstead, N.W. 3. 

Ralph Edgar Cable, Queen’s Gardens, Hong Kong. 

Leslie Marshall Clark, B.A., Ph.D., A.I.C., 38, Park Road, Hampton Wick. 

Clive Kear Colwell, B.A., Ormesty, Great North Road, N. 2. 

Jan Coops, 25, Sireelinckplein, The Hague, Holland. 

William George Corderoy, B.Sc., 35, Century Road, Walthamstow, E. 17. 

Oswald Pilkington Cronshaw, 141, Blackburn Road, Great Harwood, Black- 

burn. 

John Alexander Currie, B.A., B.Sc., 44, Phillimore Gardens, W. 8. 

Thomas Dillon, University College, Galway. 

Octave Charles Marie Dony, 30, Rue Emile Banning, Brussels. 

William Edward Gibbs, D.Sc., 4, Stanley Villas, Runcorn. 

Ernest Hartshorne, B.Sc.Tech., 12, Muriel Street, Broughton. 

Arthur Harvey, 12, Chaldon Road, Fulham, S.W. 6. 

Charles Richard Hennings, Ph.D., 19, St. Dunstan’s Hill, E.C. 3. 

Noel Waterman Vere Jones, Eastnook, Pakefield, Lowestoft. 

Frank William Linch, M.Sc., F.I.C., 89, Hazelbottom Road, Cheetham, 
“Manchester. . 


Charles Lipshaw, 48, Lower Broughton Road, Salford. 
James Arthur Prescott, The University, Adelaide. 


Malik Karam Singh, B.Sc., 


John Thurgood, B.Sc., 


Rawalpindi City, India. 
Norman Heath Smith, B.Sc., Anglo-Persian Oil Co., 
Roseleigh, Elmwood Avenue, Harrow. 


Ltd., Abadan. 


Shojiro Uchida, 12, Shinryudo-Machi, Azabu-Ku, Tokio. 
John Henry Walker, A.I.C., Gourepore Works, Naihati, E.B.Ry., Bengal. 


Messrs. H. Burton and J. N. Sugden were elected Scrutators, 
and a ballot for the election of Fellows was held, the following 
subsequently being declared elected as Fellows : 


James Munsie Bell. 

Niels Janniksen Bjerrum. 

Archibald Beresford Blunsden. 

Geoffrey Alger Blyde. 

Thomas Henry Bowles. 

William Harrison Brindley, M.C., 
M.A., M.Se.Tech., A.I.C. 

James Lindsay Buchan, B.Sc. 

Frank Henry Charles Bull, B.Sc., 
A.I.C, 

John Alfred Valentine Butler, M.Sc. 

Annie Lavinia Byford, B.Sc. 

John Cameron. 

James Herbert Clegg. 

Horace Cecil Cockroft, B.Sc., 

Francis Xavier Coyne. ~* 

James Craik, M.A., B.Se., Ph.D. 

Herbert Greetham Dane, M.Sc. 

Harry Dean. 

Margaret Stedman Leonora Dixon. 

Robin George Westbury Farnell, 
A.R.C.S., A.I.C. 

Irvine John Faulkner. 

Thomas Flett, B.Sc., A.I.C. 

Thomas James Elijah Gardner. 

Richard Randolph Garran, B.Sc. 

John Charles Giblin, B.Sc., A.I.C. 

Helen Simpson Gilchrist, B.Sc., Ph.D. 

Isabel Hodgson Hadfield, M.Sc. 

James Francis Halpin, F.I.C. 

Donald Hanson. 

_ Thomas Haworth. 

_ John Stanley Heaton, B.Sc., Ph.D. 
John Cyril Hensman, M.A., A.I.C. 

Joseph Hill. 

Frederick Denison Maurice Hocking, 
M.Sce., A.I.C. 

Jim Hoyle. 

_ Horace William Hughes, B.Sc. 

Joseph Taylor Jackson, B.Sc. 


ALC; 


David Bret Jehu, M.Sc., 

William Jobson. 

Clifford Merton Jones, B.Se. 

Thomas William Jones, B.Sc. 

John Keane, M.Sc., Ph.D. 

Alfred Lucy. 

Ernest Edward Mabbott, B.Sc. 

David McDowall. 

Gordon McIntyre, B.Sc., Ch.E. 

Richard H. F. Manske, M.Sc. 

Hugh Clouston Moir, B.Sc., A.I.C, 

Richard Alan Morton, B.Sc., Ph.D., 
ALL: 

Frederick Wilson Moulds. 

Andrew Joseph Myles. 

Alfred William Nash, B.Sc. 

Henry Bowen Oakley, M.Sc., A.R.C. s. 

Edgar Kent Palmer, B.Se.Tech. 

David Pomerantz. 

Harry Rawlings, B.Sc. 

John Brent Reed, B.Sc., 

William George Rhodes. 

George James Robertson, M.A., B.Sc., 
Ph.D. 

Robert Joseph Salmon, M.Sc. 

Prem Chandra Sharma, M.Sc. 

John Robert Shepherd, M.Sc., A.I.C. 

Alan Lawrence Smith, M.Sc. 

Karl Thomas, M.D. 

George Thorn, B.Sc. 

Leonard William Ernest Townsend. 

Leslie John Walker. 

Thomas Kennedy Walker, 
Ph.D.; FLL. 

William Alexander Waters, B.A. 

James Bernard Watson. 

Ernest Swann Watts. 

Archibald Steele Whamond, 

Edwin John Woodcock. 

John Stanley Worthington. 


Vat IS 


A.L.C. 


M.Sc., 
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The following papers were read : 

“The tautomerism of dyads. Part III. The effect of the tile 
linking on the reactivity of neighbouring atoms.” By Mrs. 
EK. H. Incorp. 

“ The rotatory dispersive power of organic compounds. Part XVI. 
Halogen-derivatives of camphor.” By J. O. Currrr, H. 
Buraesss, and T. M. Lowry. | 

‘The isomerism of the oximes. Part XXII. The configuration 
of the aldoximes.”” By O. L. Brapy and G. Bisnop. 

“The parachor and chemical constitution. Part I. Polar and 
non-polar valencies in unsaturated compounds.” By S. SugpEN, 
J. B. Reap, and H. Wiixm1s. 

“The tautomerism of dyads. Part IV. New evidence of the 


tautomeric mobility of oximes.” By J. P. Grirrirus and 
C. K. Inaoxp. 


Ordinary Scientific Meeting, Thursday, May 21st, 1925, at 8 p.m., 
Professor W. P. Wynne, D.Sc., F.R.S., Vice-President, in the Chair. 

The CHAIRMAN referred to the loss sustained by the Society, 
through death, of the following : 


Elected. Died. 
Albin Haller (Honorary Fellow) ...... Feb. 6th, 1908. May lst. 
Samuel Henry Davies ................0000- Feb. 15th, 1894. May 9th. 
WJ ohn Myine’ Mullally. i..c.e othe haces cies May 4th, 1922. May 4th. 


it was also announced that the Celebration of the Centenary — 
of Faraday’s discovery of benzene, which is being arranged by 
the Royal Institution in association with the Chemical Society, 
the Society of Chemical Industry, and the Association of British 
Chemical Manufacturers, will take place at the Royal Institution 
on Tuesday, June 16th, 1925. In the morning, at eleven o’clock, 
there will be a reception by the Duke of Northumberland of English 
and foreign delegates, and several short addresses will be delivered 
commemorative of Faraday’s chemical work. In the evening, a 
banquet will be held in the Goldsmiths’ Hall, the price of the tickets 
being £2 2s. each, including wine. Application for tickets for the 
reception and for the banquet, which are limited in number, should 


be made to the Secretary, The Royal Institution, Albemarle Street, 
W.1. 


Mr. H. G. Dane was formally admitted a Fellow of the Chemical 
Society. 


Certificates were read for the first time in favour of : 


Marion Alice Battie, B.Sc., A.I.C., The Orchard, Ivy Lane, Woking. 
William Ambler Berry, B.Sc., 19, Blakeney Road, Sheffield. 


77 


Thomas Anthony Canning, Crindau Gas Works, Newport, Mon. 

John Carroll Culbert, 172, North Road, Belfast. 

Alexander John Dey, F.R.S.E., Rothiemay, Corstorphine, Edinburgh. 

Stanley James Featherston, 33, Belmont Road, Beckenham. 

James Hindle, 4, Plane Street, Blackburn. 

Thomas Moore, B.Sce., 8, Cyprus Avenue, Belfast. 

Alexander John Morrison, Testing Branch, Public Works Department, 
Sydney, N.S.W. 

Frank Richard Morrison, Brae Street, Waverley, Sydney, N.S.W. 

Ernest Charles Padgham, 30, Churchill Road, N.W. 2. 

John Monteath Robertson, B.Se., A.I.C., The Chemistry Department, The 
University, Glasgow. 

Ernest Henry Warren, B.A., 1, Chamber’s Lane, Willesden Green, N.W. 10. 

James Watt, F.R.S.E., Craiglockhart House, Slateford, Edinburgh. 

William John Willis, Hazel Mount, Carnforth. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


Howard Ecker, 1510, Dana Avenue, Cincinnati, Ohio, U.S.A. 
William Beesley, Binnyston Gardens, Bangalore, India. 
Alexander Smith, P.O. Box 103, Nairobi, Kenya Colony. 


The following papers were read : 
“The rotatory dispersion of derivatives of tartaric acid. Part II. 
Acetyl derivatives.” By P. C. Austin and J. R. Park. 
“The stability of additive compounds between esters and acids.” 
By J. Kenpatt and J. E. Boogs. 

‘“ Additive compounds in the ternary system, acid—ester—water.”’ 
By J. Kenpatu and C. V. Kina. 

‘A spectroscopic study of the combustion of phosphorus trioxide 
and of phosphine.” By H. J. Emenius. | 

“ The nature of the alternating effect in carbon chains. Part III. 
A comparative study of the directive efficiencies of oxygen and 
nitrogen atoms in aromatic substitution.” By E. L. Houtmes 
and C. K. INGoxp. 


LIST OF FELLOWS, 1925. 


It has been decided to print the List of Fellows for 1925 and 
to supply the List to those Fellows who make application to the 
Assistant Secretary by the 3lst July, 1925. 


BERICHTE, 1915 to 1924, 


Sets of the Berichte from 1915 to 1924 (10 years) are now offered 
to Fellows of the Society at £22, carriage extra. Application should 
be made to Mr. S. E. Carr. 
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List of Papers, or Abstracts thereof, received between April 3rd 
and May 21st, 1925. (This List does not include the titles of papers 
which have been read at a Scientific Meeting, or which have 
appeared in the Journal.) 


* The ionisation of aromatic nitro-compounds in liquid ammonia.”’ 
By M. J. Fretp, W. E. Garner, and C. C. Smita. 
a-Acenaphthoquinoline.” By J. Stewart. | 

‘“‘ Alcohols of the hydroaromatic and terpene series. Part IV. 
a- and 8-Fenchyl alcohols and some esters derived there- 
from.’ By J. Kenyon and H. E. M. Priston. : 

“* Perkin’s reaction.”” By T. Hopxtns. 

“* Action of zinc alkyl halides on nitric esters.” By T. Hopxiys. 
‘“‘Polynuclear heterocyclic aromatic types. Part II. Some an- 
hydronium bases.” By J. W. Armir and R. Roprnson. 

‘ 8-Piperonylpropionitrile and some derived substances.” By 
W. Baker and R. Rosrnson. 

‘The melting points of benzene derivatives.” By T. BEACALL. 

** Nitrosation of phenols. Part JJ. 3-Bromo-, 2-bromo-, 3-iodo-, 
and 2-iodo-phenols, with evidence favouring the nitroso form 
for 4-nitroso phenol.” By H. H. Hopcson and F. H. Moors. 

“The Kekulé formula for benzene and the existence of isomeric 
ortho disubstitution products.” By H. H. Hopason and 
J. H. Witson. ; 

“A new method of diagnosing potential optical activity. Part I. 
The optical activity of chlorobromomethanesulphonic acid.” 
By J. Reap and A. M. McMaru. 

‘The carboxy-phenyl camphoramic acids.”” By M. Sine and 
R. SINGH. | 

“ A simplified method of micro-combustion : the micro-Dennstedt 
method.” By C. Funk and S. Kon. 

“Interfacial tension.” By J. R. Pounp. 

“Low temperature oxidation at charcoal surfaces. Part I. The 
behaviour of charcoal in the absence of promoters.” By E. K. 
RipEAL and W. M. WricuHr. 

“* Osmotic pigeure by the solubility method in concentrated | 
solutions.” By M. P. AppreBny and P. G. Davizs. 

‘“Synthetical experiments in the naphthyridine groups.’ By 
J. M. GuLLAND and R. RoBinson. | 

“Chlorobenzothiazole dibromide.”” By R. F. Hunter. 

“Note on the action of sodium of chlorobenzothiazole.” By 
RR. F. Hunter. 

‘* Investigations into the analytical chemistry of fain helt niobium, 
and their mineral associates. Part III. A new method for 


ce 
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the separation of tantalum from niobium. Part IV. The 
detection and determination of tantalum in niobium com- 
pounds.” By A. R. Powett and W. R. ScHOELLER. 

“The conditions underlying the formation of unsaturated, and 
cyclic compounds from halogenated open-chain derivatives. 
Part VII. The influence of the phenyl group on the formation 
of the cyclopropene ring.” .By W. Harrpi and J. I’. THORPE. 

“Rapid determination of copper and iron in mixtures of their 
salts.” By A. 8. RUSSELL. 

“The bromination of 4’-amino-1-phenyl-5-methyl benzothiazole 
and of 1:1-bisbenzothiazole.”’ By R. F. HuntTER. 

-“ Amino benzothiazoles. Part I. 1-Phenylamino benzothiazole 
and its homologues.” By R. F. HunTER. 

“The directing influence of the methane sulphonyl group.” By 
R. F. Twist and 8. SMILEs. 

“The dissociation constants of selenious acid.” By J. 8S. WiLLcox 
and E. B. R. PRIDEAUX. 

“The velocity of benzylation of certain amines. Part I.” By 
D. H. PEacock. 

‘Measurements of energy absorption of certain photo-chemical 
reactions with iodine.” By B. K. Muxersi and N. Duar. 

“The action of hydrogen peroxide on limonene.” By J. Sworp. 

* Synthetical experiments in the isoquinoline group. Part I. i 
By R. D. Haworrn and W. H. PERKIN. 

“‘Synthetical experiments in the isoquinoline group. Part H.” 
By R. D. Haworrs, W. H. Perxin, and J. RANKIN. 

‘ Synthetical experiments in the isoquinoline group. Part III.” 
By R. D. Haworts and W. H. PERKIN. 

‘‘ Synthetical experiments in the zsoquinoline group. Part TV. 
By R. D. Haworts and W. H. PERKIN. 

‘Synthesis of w-protoberberine and y-protopapaverine.” By 
J.S. Buck, W. H. Perxin, and T. 8. STEVENS. 

“Note on a laboratory method of preparing p- -benzoquinone.” 
By R. Craven and W. A. T. Duncan. 

‘‘ Hydroxybenzils.” By J. T. Marsn and H. STEPHEN. 

“Researches on sulphuryl chloride. Part IL. Influence of 
catalysts on the chlorination of toluene.” By O. SmLBERRAD, 
C. A. SILBERRAD, and B. PaRKE. 

“The adsorption of water from the gas phase on plane surfaces 
of glass and platinum.” By I. R. McHarrre and 8. LENHER. 

“The action of phosphorus pentachloride on 2-isonitroso-1- hy- 
drindones.”’ By R. D, Hawortu and H. 8. Pink. 

‘Oxidation products of oleic acid. Part I. Conversion of oleic 
acid into dihydroxystearic acid and the determination of the 
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higher saturated acids in mixed acids from natural sources.” 
By A. Lapworts and E. N. Morrram. 

“The spatial structure of cycloparaffins. Part I. A new aspect 
of Mohr’s theory and the isomerism of decahydronaphthalene.”’ 
By W. A. WicHTMAN. 

“ The absorption spectra of the vapours of anthracene and anthra- 
quinone, phenanthrene, and phenanthraquinone, and other 
quinones.” By J. E. Purvis. 

‘* Investigations on the dependence of rotatory power on chemical 


constitution. Part XXVII. Some esters of p-toluene-sul- 


phonic and -sulphinic acids.”” By H. Pxrxurs. 

‘“ Oxidations in turpentine and olive oil.” By E. WALKER. 

“Colour and molecular geometry. Part IV. Explanation of the 
colours of the cyanine dyes.” By J. Morr. 

“The surface tensions of aqueous phenol solutions. Part II. 
Activity and surface tension.’”” By A. K. Goarp and BE. K. 
RIDEAL. 

“Triad groups in complexes of octahedral symmetry.” By 
J. D. M. Smith. 

‘‘ Isoquinoline derivatives. Part IX. Preparation and reduction 


of isoquinoline and its derivatives.’ By R. Forsytu, ©. I. _ 


KELLY, and F. L. Pyman. 
“ The nitration of m-meconine.” By J. N. Ray and R. Roprson: 
“Chenopodium oil. Part II. The hydrocarbon fraction.” By 
T, A. Henry and H. Pacer. 
“The amino-y-pyridones.” By W. H. Crowe. 


“Studies of the glucosides. Part III. The synthesis of thio- — 


indican.” By J. Crark and A. K. Macnern. 

“The reduction of the bromoanthraquinones.” By E. pz B. 
BARNETT and J. W. Coox. 

“The chlorination of acetanilide and the chloroamine-chloro- 
anilide transformation.” By F. G. Sorrr. 

‘The thermal decomposition of ozone.” By R. O. Grirrirn and 
A. McKrown. 


“ Studies of electrolytic polarisation. Part III. The diffusion - 


layer.” By S. Guassronn. 


‘‘ Theories of polar and non-polar free affinities. A practical and — 


theoretical reply to some recent criticisms and comparisons.” 
By G. N. Burkwarpr and A. Lapworru. 


“The reaction between sodium hypobromite and urea.” By — 


-  M. B. Donan. 
“ Echitamine.”” By J. A. Goopson and T. A. Henry. 


‘The preparation of phthalamic acids and their conversion into — 


anthrenilic acids.” By E. Caapman and H. Srepnen. 


4 
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“An X-ray examination of maleic and fumaric acid.” By K. 
YARDLEY. | 

“The estimation of arsenic in organic compounds.” By G. 
NEWBERY. 

“The bromination of acyl derivatives of phenylhydrazine: the 
preparation of 2:4-dibromophenylhydrazine.” By J. KE. 
HUMPHRIES and R. Evans. 

“The system chromium trioxide—-boric acid—water.” By L. F. 
GILBERT. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 18ru, 
1925. 


Barrie, Marion Aricr, The Orchard, Ivy Lane, Woking, Surrey. British. 
Post-graduate student. B.Sc. Honours (Chemistry), Class II. Associate of 
the Institute of Chemistry. (Signed by) T. S. Moore, Mary Boyle, S. Smiles. 

Baw, Maune Hua, R-1], 64th Street, Danneedaw, Rangoon. Burmese. 
Analytical Chemist, Messrs. E. M. D’Souza & Co., Rangoon, and Science 
Master, St. John’s College, Rangoon. Passed the Intermediate Examination 
in Science of the Calcutta University in 1916, taking Chemistry, Physics, 
and Mathematics. Process Chemist (1916 to 1921) at the Seikkyi Refinery 
of Messrs. The Indo Burma Petroleum Co., Ltd.; and Process Chemist 
(1922) in the acid works of The Burma Chemical Industries, Ltd. Process 
Chemist (1923) with The Rangoon Pharmaceutical and Chemical Works, 
Rangoon. Since 1924 chemist in charge of the analytical laboratory of 
Messrs. E. M. D’Souza & Co., Rangoon, and Science Master, St. John’s 
College, Rangoon. (Signed by) Maung Tun Tin, Maung Ba, Maung Ba San. 

Berry, WILLIAM AMBLER, 19, Blakeney Rd., Sheffield. British. Research 
Student at University of Sheffield. B.Sc., Hons. Chem., 1924. Joint author 
with Dr. G. M. Bennett of the Note, J.C.S., 1925, 127, 910. (Signed by) 
W. P. Wynne, T. M. Lowry, G. M. Bennett, F. G. Tryhorn. 

Buackiz, JosrpH Joun, c/o Duncan, Flockhart & Co., 104, Holyrood 
Road, Edinburgh. British. Pharmaceutical Chemist. Minor and Major 
Examination, Pharmaceutical Society of Great Britain. Laboratory Manager 
of Messrs. Duncan, Flockhart & Co., Manufacturing Chemists, Edinburgh. 
Examiner in Chemistry of the Pharmaceutical Society of Great Britain. 
(Signed by) George Barger, William Duncan, Eric Knott. 

BLackTIn, SAMUEL CyrrRiL, 173, Ecclesall Road South, Sheffield. British.’ 
Research Assistant. (Junior Assistant, Safety in Mines Research Laboratories, 
Badger Lane, Sheffield.) M.Sc. (Sheffield). (Signed by) W. P. Wynne, 
F. G. Tryhorn, J. Kenner. 

Burcu, Nsvmite Menton, 67, Castle Road, Bedford. British. Science 
Master. A.R.C.S. (Chemistry), London, 1921. A.I.C,, 1923. Formerly 
Senior Science Master, Wimborne Grammar School, Dorset. At present 
(Temporary) Senior Science Master, Stevenage Grammar School, Herts. 
Signed by) H. B. Baker, James C. Philip, M. A. Whiteley. 

Bortanp, HucH ALEXANDER,MiILxaR, 14, Cotham Road, Bristol. British. 
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Teacher of Chemistry. A.R.C.S. (Lond.). M.Sc. (Bristol). Lecturer on 
Chemistry 1896 to present date (Secondary and Technical). Lecturer on 
Applied Chem., University of Bristol, 1910-19. (Signed by) Arthur Marsden, 
F. Francis, J. W. McBain, F. W. Rixon. 

BROHMACHARY, Nirmat Boran, Ghugudanga-Post 24 Porganas, Calcutta, 
India. Hindu (Indian). Chemist to Messrs. B. K. Paul’s Chemical and 
Pharmaceutical Works, Dum Dum, Calcutta. Passed the B.Sc. examination 
of the Calcutta University in 1920. Worked as an analytical and manu- 
facturing chemist. Assistant of Messrs. Smith, Stanistreet & Co. for 2 years, 
and at present working as the Chemist for Messrs. B. K. Paul & Co. (for last 
three years). (Signed by) Dhirendra Nath Mukerji, Sudhindranarayan Ray, 
R. L. Jenks. 

BuuLuick, GERTRUDE Marcaret, 43, Belsize Park, Hampstead, N.W. 3. 
British. Hons. Student in Chemistry, Bedford College, Univ. of London. 
Graduate of Lond. Univ. B.Sc., June, 1924. (Signed by) Holland Cromp- 
ton, J. F. Spencer, M. S. Crewdson, J. Stewart. 
| Caste, Ratpa Epcar, Queen’s Gardens, Hong Kong. English. Apothe- 
cary, Medical Department, Hong Kong. Lecturer (part time), University of 
Hong Kong, Med. Faculty, Practical Pharmacy. (Signed by) R. W. E. 
Stickings, A. J. Ewins, G. Newbery, P. Blenkinsop. 

CANNING, THomas ANTHONY, Crindau Gas Works, Newport, Mon. English. 
Gas and Chemical Engineer, now General Assistant Technical Engineer to 
the Newport (Mon.) Gas Company. Certificates in Chemistry granted by 
Institution of Gas Engineers. Engaged 7 years in Gas Manufacture and 
allied work and the chemistry of same. I desire to become a Fellow of the 
Chemical Society in order to keep in touch with current chemical literature. 
(Signed by) Geo. R. Thompson, H. E. Cox, J. H. Canning. 

CLaRK, Lestiz Marsuany, 38, Park Rd., Hampton Wick, Kingston-on- 
Thames. English. Chemist, National Physical Laboratory, Teddington. 
Late Scholar and Research Scholar, Sidney Sussex College, Cambridge. 
Late Assistant Demonstrator, Cambridge University Chemical Laboratory. 
B.A., Cantab. Ph.D., London. Associate of Institute of Chemistry. Joint 
author of papers in J.C.S., 1923, 128, 2353, and 2362. (Signed by) 
M. Johnson, Guy Barr, Perey G. Ward. 

COLWELL, CLIVE Kerar, Ormesty, Great North Road, N. 2. English. 
Analytical and Consulting Chemist. B.A., Cantab. Paper in conjunction 
with A. J. Berry, M.A., in Chemical News. (Signed by) A. H. M. Muter, 
Cyril Dickinson, J. Kear Colwell. 

Coors, Jan, den Haag, 25 Sireelinckplein. Dutchman. Dr. ir. Delft, 
Assistant, Commercial University, Rotterdam. Author of some papers in 
fec. trav. chim., 1920, 1921, 1922, 1923, 1924, 1925, Chem. Weekblad, and 
Kon. Akad. van Weten. Amsterdam, etc. (Signed by) H. J. Backer, Ernest 
Cohen, A. Smits. 

CorpEROY, WILLIAM GEORGE, 35, Century Rd., Walthamstow, E. 17. 
British. Student for Teaching Profession (entering profession next Sept.). 
Ist Honours (Chem.), B.Sc. (Lond.). [Studied at East London College, 
192]—24.] (Signed by) J. R. Partington, E. E. Turner, D. C. Jones, Elwyn 
Roberts. | PrN Lee 

CronsHAW, OswaLp PILKINGTON, 141, Blackburn Road, Great Harwood, 
near Blackburn. British. Chemist and Assistant Gas Engineer, Accrington 
District Gas and Water Board. For past.3 years Chief Chemist to the 
Accrington District Gas and Water Board, having full chemical control of 
all gas manufacturing operations, the manufacture of sulphate of ammonia, 
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ete. Hold Ist Class Certificates Gas Manufacture (City and Guilds). Dis- 
tinction in Inorganic Chemistry (Lanc. and Cheshire Inst.). Ist Class 
Certificate Inorganic and Organic Chemistry at Blackburn College of Tech- 
nology. Associate Member of Institution of Gas Engineers. (Signed by) 
James Booth, John 8. Morrison, Robert C. McDowall. 

CULBERT, JOHN CARROLL, 172, North Road, Belfast. British. Pharmacist. 
Pharmaceutical Chemist, Member of Pharm. Society of Ireland, ex-Member 
Council of Pharm. Society of Ireland. (Signed by) George Scott Robertson, 
W. H. Gibson, Henry Wren. 

CURRIE, JOHN ALEXANDER, 44, Phillimore Gardens, London, W. 8. 
British. Student. Honours B.A., Chemistry, and B.Se., Oxford. Now 
researching under Professor Donnan at University College, London. (Signed 
by) F. G. Donnan, W. E. Garner, C. W. Bonniksen. 

Dry, ALEXANDER JOHN, Rothiemay, Corstorphine, Edinburgh. British. 
Manufacturing Chemist. Managing Director, T. and H. Smith, Ltd., Manu- 
facturing Chemists. F.R.S.E. (Signed by) James Walker, Alex. C. Cumming, 
Alexander Lauder. 

Diton, Tuomas, University College, Galway. Irish. Professor of 
Chemistry, University College, Galway. Papers on Waxes, Proc. Rud... 
1909, vol. 12, No. 20; vol. 15, No. 10; Proc. R.I.A., vol. 29, sec. B, No. 8. 
On separation of Isotopes of Lead, Proc. R.D.S., 1922, vol. 17, p. 53. 
(Signed by) A. G. G. Leonard, Sydney Young, Emil A. Werner, A. O’Farrelly. 

Dony, Ocrave CHartEs Marie, Bruxelles, 30 Rue Emile Banning. 
Belge. Professeur a Université de Bruxelles (Faculté de Science appliquées). 
Membre de l’Académie royale de Belgique. (Signed by) C. 8S. Gibson, Eric 
K. Rideal, T. M. Lowry, W. J. Pope, Henry E. Armstrong. 

FEATHERSTON, STANLEY JAMES, 33, Belmont Rd., Beckenham, Kent. 
British. Analytical Chemist in Laboratory of Manufacturing Chemists, 
namely, Messrs. Hopkins & Williams, 16-17, Cross St., E.C. Honours 
Student in Chem. at Birkbeck Coll., University of London. 5 Years analytical 
work with manufacturing chemists. (Signed by) George Senter, F. Barrow, 
Samuel Sugden. 

GASKILL, Matcormm Srincuarir, 3, Buckingham Rd., Hilton Park, Prest- 

wich, Manchester. British. Chemical Engineer, West’s Gas Improvement 
Co., Ltd., Manchester. Associate of the Manchester College of Technology. 
Chemist and Assistant Manager, Messrs. Hardman & Holden, Ltd., Chemical 
Manufacturers, Clayton. Present position, as above. Desirous of keeping 
in touch with modern developments of pure and applied chemistry. (Szgned 
by) Harold G. Colman, William Buckley, Joseph Poulson. 
- Gress, Witt1am Epwarp, 4, Stanley Villas, Runcorn. British. Chief 
Chemist to the Salt Union, Ltd. D.Sc. (Liverpool). Author of books : 
** Clouds and Smokes: The Properties of Disperse Systems in Gases,” ‘‘ The 
Dust Hazard in Industry.’’. Journ. Inst. Metals, XV (1916), 1, pp. 41-191; 
J.S.C.1., XLI, pp. 189-196; Faraday Soc., XI, 1915, pp. 295-297, etc. 
(Signed by) W. C. McC. Lewis, I. M. Heilbron, E. C. C. Baly. 

Hamer, Norman, ‘“ Ash Mount,’? Holcombe, nr. Manchester. British. 
Research and Analytical Chemist in Calico Printing, Dyeing, and Bleaching 
Works. As a student I have gained the Associateship of the Manchester 
College of Technology (Assoc. M.C.T.), whilst my duties as chemist cover a 
fairly wide field of analytical work, together with the investigation of the 
many and varied problems which are continually arising in the works. 
(Signed by) Arthur M. Morley, John K. Wood, Frank Lee Pyman. 

HarTSHORNE, Ernest, 12, Muriel St., Broughton, Manchester. British. 
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Chemist in the Laboratory of Dr. A. K. Miller, F.C.S. Degree of Bachelor 
of Technical Science in General Chemical Technology, Victoria University, 
Manchester. (Signed by) Alex. K. Miller, Frank Lee Pyman, John K. Wood. 

Harvey, Arruur, 12, Chaldon Road, Fulham, S.W. 6. British. Chemist. 
Formerly Agricultural Analyst, South Eastern Agricultural College (Univ. 
Lond.), Wye, Kent. Formerly lecturer on Applied Chemistry, Leather- 
sellers College, London. Author of ‘ Practical Leather Chemistry ’’ and 
* Tanning Material,” published by Crosby Lockwood & Son. Also several 
papers on leather chemistry in J. Soc. L. Trades Chem. Editor of Abstracts, 
J. Soc. L. Trades Chem. Member, British Association of Chemists, American 
Chemical Society, Society of Leather Trades Chemists. (Signed by) M. C. 
Lamb, A. B. Bradley, R. W. West. 

HeEnnincs, CHartes RicHarp, 19, St. Dunstan’s Hill, London, E.C. 3. 
German. Consulting Chemist. Qualified Pharmaceutical Chemist. Gradu- 
ated in Chemistry. Ph.D., Freiburg. Papers as given before when 
first being admitted. (Signed by) Otto Oberlander, George P. Forrester, 
A. W. Edwards. 

HINDLE, James, 4, Plane St., Blackburn, Lanes. British. Student. 
Have been full-time day student in the Chemistry Dept. Municipal Technical 
College, Blackburn, for four years and am now preparing for Hons. Chemistry, 
B.Se. (Lond.) there. (Signed by) G. W. F. Holroyd, Harry G. Leigh, J. T. 
Holden. 

JONES, NorL WaTERMAN VERE, Eastnook, Pakefield, Lowestoft. British. 
Student. Have been studying Chemistry for five years and wish to keep 
abreast of modern advances. (Signed by) E. de Barry Barnett, James W. 
Cook, Marcus A. Matthews. 

Lincu, Frank Wiri1am, 89, Hazelbottom Rd., Cheetham, Manchester. 
British. Research Chemist, British Dyestufts Corporation. M.Sc., Lond. 
Ist Hons. Chemistry at B.Sc. F.I.C. Asst. Chief Chemist, H.M. Factory, 
Queensferry, 1915-1917. Chief Chemist, H.M. Factory, Avonmouth, 1917— 
1919. 1919 to date, Research Chemist, British Dyestuffs Corp., Blackley, 
Manchester. Action of sodium hypobromite on carbamide derivs. Part I. 
3-Amino-coumarin. Both papers in Trans. 1912. (Signed by) G. R. Clemo, 
Colin H. Lumsden, Anthony J. Hailwood. 

LipsHaw, CHARLES, 48, Lr. Broughton Rd., Salford. British. Chemist 
to Messrs. Halliday & Co., Ltd., Bankfield Mills, Stockport. 4 years Labor- 
atory Chemist, and Assistant Works Chemist, at Lowerhouse Printworks, 
Burnley. Student at the Royal Technical College, Salford. Diploma of 
the College, City and Guilds of London Institute, Final Certificates in Dyeing 
and Textile Printing. (Signed by) S. N. Brown, V. Edge, E. Clark, B. Prentice. 

Moors, Tuomas, 8, Cyprus Avenue, Belfast. British. Student. Graduate 
of London (with Honours) and of the Queen’s University, Belfast. Fifth 
year research student in Photochemistry. (Signed by) Wm. H. McVicker, 
Joseph K. Marsh, A. W. Stewart, H. Graham. , 

Nrxon, Ivor Gray, 75, The Vale, Golder’s Green, N.W.11. English. 
Student. Have studied chemistry for over 6 years and desire to keep abreast 
of modern developments. (Signed by) E. de Barry Barnett, P. C. L. Thorne, 
James W. Cook. 

OccLEsHaw, VINCENT JOSEPH, 22, Bryn Street, Ashton-in-Makerfield, 
nr. Wigan. British. Lecturer and Demonstrator in Inorganic Chemistry. 
M.Se. (Liv.). A.I.C. (Signed by) E. C. C. Baly, J. T. Nance, A. O. Jones. 

PapeuaM, ErRNEst CHartes, 30, Churchill Road, N.W.2. British. 
Research Assistant at the British Museum Laboratory. Trained in Analytical 
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Chemistry under the late Dr. Ludwig Mond, F.R.S., and the late Dr. B. 
Mohr, 1891-1896. Assistant at the Davy Faraday Research Laboratory of 
the Royal Institution, 1896-1918. Research Assistant at The British Museum 
Laboratory since 1920. (Signed by) Alexander Scott, H. J. Plenderleith, 
John W. Heath. 

Prescott, JAMES ArtTHUR, The University, Adelaide, South Australia. 
British (England). Professor of Agricultural Chemistry at the Waite 
Agricultural Research Institute of the University of Adelaide. Papers 
on Soil Chemistry in the ‘“‘ Journal of Agricultural Science,” VI, 111; 
VIII, 65, 111, 136; IX, 216; X, 177; XIII, 333; also Bulletins of the 
Sultanic Agricultural Society, Egypt. Research Scholar, Rothamsted 
Experimental Station, 1912-1916. Chief Chemist, Sultanic Agric. Soc., 
Egypt, 1916-1924. Proceedings, vol. 30, No. 123, 1914. (Signed by) 
Edward H. Rennie, E. J. Russell, H. B. Dixon, Arthur Lapworth, Robert 
Robinson, H. J. Page. 

ROBERTSON, JOHN MonteatH, Nether Fordun, Auchterarder, Perthshire. 
Scottish. Research Assistant. B.Sc. (Hons. Chem.), Glasgow, 1923. 
A.I.C., 1924. Strang-Steel Research Scholar, 1923-24. Carnegie Research 
Scholar, 1924-25. (Signed by) S. Horwood Tucker, T. S. Patterson, G. G. 
Henderson, R. Wright, David T. Gibson. 

RUBENSTEIN, LEoN, Jesus College, Oxford (Rookwood, 87, Eaton Grove, 
Swansea). British. Research Student for Doctorate of Philosophy (Oxford 
University). First Class Honours, Degree of Bachelor of Science (Welsh 
Univ.). Bachelor of Science (Oxford Univ.). ‘‘ Substitution in Vicinal 
Trisubstituted Benzene Derivatives’ (November 1923). (Signed by) W. H. 
Perkin, 8. G. P. Plant, J. F. 8. Stone, R. H. Griffith, R. D. Haworth. 

StinecH, Marrx Karam, Rawalpindi City. Indian (British subject). Paper 
Expert. I am a B.Sc. (Physics and Chemistry). Was granted a “ State 
Technical Scholarship ’’ by the Govt. of India for the study of the Paper- 
making industry in Gt. Britain and other Western countries. Before going 
to England I worked for about twenty months in the Bengal Paper Mills, 
Raneegunj (near Calcutta), during 1918-20. Joined College of Technology, 
Manchester, in 1920. During 1920-21 I completed in one year, a two years’ 
course in paper making, and in the final examination I got a Ist class both in 
the theoretical and practical parts of the subject. I also studied the following 
subjects: Organic Chemistry, Physical Chemistry, Chemistry of Dyeing, 
Chemistry of the Colouring Matters, Economics, Chemical Engineering, 
Heat Engines, and Construction of Works. In 1921-22 (about 15 months) 
I received practical training in the following three paper mills, in Aberdeen, 
Scotland, making different classes of paper: (1) The Donside Paper Mills; 
(2) The Alex Pirie Paper Mills at Stoneywood, and (3) The Mugiemoss Paper 
Mills at Bucksburn. During 1922-24 I conducted a special research on 
about a score of Indian raw materials, with a view to ascertain their suit- 
ability for making paper. I have paid short visits lasting from one to ten 
days to about a score of other paper mills and paper mill machinery manufac- 
ture workshops. I have seen almost all the paper mills in India. (Signed by) 
John K. Wood, Frank Lee Pyman, F. M. Rowe. 

SmirH, Norman Hears, Hillcroft, Spencer Avenue, Leek, Stafis. British. 
Process Chemist, at present with Messrs. Anglo-Persian Oil Co., Ltd., Abadan, 
Persia. B.Sc. (Tech.). Post grad. research on vegetable oils; 2} years 
with Messrs. The British Aluminium Co., Ltd., as Asst. Chemist, and over 
2 years with Messrs. Anglo-Persian Oil Co., Ltd. (Signed by) Colin E. 
Spearing, S. W. Hayter, H. Harper. 
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STREATHER, ALEC THOMAS, 3, Wellington Road, Watford. British, 
Works Chemist. B.Sc. (Honours Chemistry), Birmingham, 1922. Associate 
Institute of Chemistry. (Signed by) G. T. Morgan, 8S. R. Carter, C. E. Wood, 
F. W. Pinkard. 

THURGOOD, JouN, “ Roseleigh,’”’ Elmwood Ave., Harrow, Middx. British. 
Analytical and Research Chemist. Engaged for 4 years in laboratory of 
Dunlop Rubber Co., Birmingham. Graduated B.Sc. at Birmingham Univer- 
sity in 1922. At present engaged as Assistant Chemist to British Oxygen 
Co., Ltd., N. Wembley. (Signed by) G. T. Morgan, C. E. Wood, E. Holmes. 

TREW, VIOLET CORONA GwyYNNE, 18, Adam Street, Portman Square, W. 1. 
British. Student at Bedford College (London University). Reading for an 
Honours Degree in Chemistry. (Signed by) J. F. Spencer, H. Crompton, 
P. V. McKie. 

Ucuipa, SxHosrro, 12, Shinryudo-Machi, Azabu-Ku, Tokio, J apan. 
Japanese. Research Chemist of the Fuel Research Board of Japan. Under- 
graduate of Department of Chemistry, College of Technology, University 
of Tokio, Japan. (Signed by) W. A. Batley, V. H. Legg, M. J. Burgess, 
F. V. Tideswell. 

WALKER, JOHN Henry, A.R.T.C., A.I.C., Gourepore Works, Naihati, 
E.B. Ry., Bengal, India. Scotch. Chemist and Oil-mill Manager. Student 
Royal Technical College, Glasgow. Student with late Dr. J. Lewkowitsch. 
Sundry papers in Analyst and in J.8.C.IJ. Chemist.and latterly mill-manager, 
Gourepore Co., Ltd., Linseed Oil. (Signed by) G. G. Henderson, Thomas 
Gray, F. J. Wilson. 

WARREN, ERNEST HENRY, 1, Chamber’s Lane, Willesden Green, N.W. 10. 
English. Research Student. B.A., Cantab. (Signed by) Robert Robertson, 
Geo. Stubbs, P. J. Sageman. . 

Watt, JAMES, Craiglockhart House, Slateford, Edinburgh. British. 
Writer to the Signet. Chairman of Directors, T. and H. Smith, Ltd., Chemical 
Manufacturers. F.R.S.E. (Signed by) James Walker, Alex. C. Cumming, 
Alexander Lauder. 

Wiis, WiLL1AM Joun, Hazel Mount, Carnforth, Lancs. English. Chief 
Valuer to Michael Faraday and Partners, 77, Chancery Lane, W.C. 2. 3 years’ 
Assistant Demonstrator, Inorganic Chemistry, Barrow Technical School. 
3 years’ Lecturer on Metallurgy and Iron Foundry Practice, Bradford 
Technical College. Ist Class Honours Inorganic Chemistry, Science and Art 
Department. 1st Class Honours and Bronze Medal, City and Guilds of 
London, Iron and Steel Manufacture. Ist Class and Silver Medal, City and 
Guilds of London, Salt Manufacture. 8 years Analytical Chemist, Barrow 
Hematite Steel Co., Ltd. 6 years Chief Chemist and Assistant Works 
Manager, Yorkshire Iron and Coal Co., Ltd. 5 years Chief Valuer to Michael 
Faraday and Partners, Surveyors and Valuers. (Signed by) T. A. Henry, ' 
A. E. Bond, Harry W. Dixon. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2). 


BrEEsLeyY, Witt14M, Binnyston Gardens, Bangalore City, Mysore, India. 
British. Works’ Chemist. Took course in Bleaching and Dyeing at the 
Manchester College of Technology. Technological Certificate and Silver 
Medallist in Dyeing, City and Guilds of London Institute. Six years Chemist 
Assistant with Messrs. Binny & Co., Ltd. Now Head Chemist, Bangalore 
Woollen Mills, India. (Signed by) E. Knecht. . 

Ecker, Howarp, 1510 Dana Ave., Cincinnati, Ohio, U.S.A. American. 
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Research Director for The R. I. Johnston Paint Co., Cincinnati, Ohio. 
Graduate student from Ohio Mechanics Institute, Cin., Ohio. 1 year graduate 
work, Columbia College, N.Y. 6 years teaching at Ohio Mechanics Institute 
and for 3 years head of the department. Member of the American Chemical 
Society, Society of Chemical Industry, German Chemical Society. (Signed by) 
John H. Foulger. 

SmirH, ALEXANDER, P.O. Box 103, Nairobi, Kenya Colony. Scot. 
Chemist and Managing Director, A. H. Wardle & Co., Ltd. Lecturer on 
chemistry for 2 years, School of Mines, South Africa. Pharmaceutical Society, 
minor certificate. Consulting Chemist to Kenya Marble Quarries. In charge 
Hygiene Laboratory (Dr. Kochs), Dar-es-Salaam, 12 months. (Signed by) 
G. T. R. Francis. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 
ASSOCIATION OF British CHEMICAL MANUFACTURERS. British 
chemicals, their manufacturers and uses : being the official directory _ 
. containing a full list of members, with a classified list of 
British chemicals and a note of their industrial applications. 
London 1925. pp. 212. (Reference.) 10s. 6d. net. 
From the Publishers: Messrs. Ernest Benn. 
InpIAN CHEemiIcAL SocrnTy. Quarterly Journal. Vol. I, etc. 
Calcutta 1924 +. (Two copies.) From the Society. 
Institut INTERNATIONAL DE CHIMIE SoLvAy. Premier conseil 
de chimie, tenu 4 Bruxelles du 21 au 27 Avril 1922. Rapports et 
discussions . . . sur cing questions d’actualité. Paris 1925. pp. 
xvi-+ 336. ill. (Reference.) 30 fr. net. 
From the Publishers : MM. Gauthier-Villars & Cie. 
Namari, Icurraro. The electrolytic separation of magnesium 
from magnesia. Sakai 1924. pp.iv-+ 160. ill. (Recd. 15/4/25.) 
: From the Author. 
Priuip, JAMES CHARLES. Physical chemistry: its bearing on 
biology and medicine. 3rd edition. London 1925. pp. vii + 
368. ill. 8s. 6d. net. (Recd. 7/5/25.) From the Author. 
Rumegoip, W. G. Bauxite and aluminium. (Imperial Institute 
Monograph on Mineral Resources.) London 1925. pp. x + 110. 
ill. 6s. net. (Recd. 17/4/25.) From the Director. 
ScrentiFIC WorKER, The, and the B.A:C. Bulletin. Official 
organ of the National Union of Scientific Workers and the British 
Association of Chemists. New series. Vol. I, etc. London 
1924 -+. (Reference.) 
From the Publishers : The National Union of Scientific Workers. 
SprRinG, WALTHERE. (£uvres completés, publiées par la Société 
Chimique de Belgique. 2 vols. Bruxelles 1914-1923. pp. iv + 
900, iv, 901 to 1860. ill.-40 fr. (Recd. 9/4/25.) 
From the Société Chimique de Belgique. 
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StTauDINGER, HeRMANN. Introduction to qualitative organic 
analysis. Authorised translation by Water THEODORE KARL 
BRAUNHOLTZ. London 1925. pp. xvi+ 112. 6s. 6d. net. (Recd. 
8/4/25.) , From the Publishers : Messrs. Gurney & Jackson. 

TABLES ANNUELLES DE CONSTANTES et données numériques de 
chimie, de physique et de technologie. Vol. V. 1917-1922. 
Part i. Paris 1925. pp. xlii + 804. (Reference.) 

From the Comité International. 

Txoms, Hermann. [Kditor.] Handbuch der praktischen und 


wissenschaftlichen Pharmazie. Vol. III, Part ii. Vol. IV, Part i. 


Berlin 1925. pp. 289 to 544, 272. ill. M. 20. (Reed. 15/4/25.) 
From the Publishers : Herren Urban & Schwarzenberg. 


II. By Purchase. 


ANDERSON, Rosert J. The metallurgy of aluminium and 


aluminium glloys. New York 1925. pp. xxxii+ 914. ill, 49s. 


net. (Recd. 27/4/25.) 

Baxpirt, Harotp E. Sewerage and sewage treatment. 2nd 
edition. New York 1925. pp. xvi+ 516. ill. 25s. net. (Recd. 
13/5/25.) 

Braee, Sir WILLIAM Henry, and Brace, Witt1aAM LAWRENCE. 
X-rays and crystal structure. 5th edition. London 1925. 
pp. xu -+ 324. ill. 2Is. net. (Recd. 13/5/25.) 

BURRELL, GEORGE A. The recovery of gasoline from natural 
gas, with a discussion of motor fuels. New York 1925. pp. 600. 
ill. 35s. net. (Recd. 13/5/25.) 

Burton, Ext Franxury, The physical properties of colloidal 
solutions. 2nd edition. London 1921. pp. viii + 222. ill. 
12s. 6d. net. (Recd. 21/4/25.) 

CoFFIGNIER, CHARLES. Colours and varnishes. Translated from 
the French by A. Harvey. London 1925. pp. viii + 258. ill. 
12s. 6d. net. (Recd. 13/5/25.) 

Cottoip Symposium Monocrapy. Papers presented at the 
second National Symposium on Colloid Chemistry, June 1924. 
Edited by Harry N. Hormzs. New York 1925. pp. viii + 368. 
il. 25s. net. (Recd. 21/4/25.) 

GoucH, HerBert Joun. The fatigue of metals. London 1924. 
pp. xx + 304. ill, 25s. net. (Recd. 13/5/25.) 

HatscHex, Emi. [Editor.] The foundations of colloid chem- 
istry; a selection of early papers bearing on the subject. Edited 
on behalf of the Colloids Committee of the British Association. 
London 1925. pp. 174. 18s. net. (Recd. 13/5/25.) 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, June 4th, 1925, at 8 p-m., 
Dr. ARTHUR W. CrossLeEy, C.M.G., C.B.E., D.Sc., F.R.S., presithav, 
_in the Chair. 


2 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of Mr. Charles E. Soane, who was elected a Fellow 
on February 3rd, 1887, and who died on May 17th. 

The PRESIDENT Eniouneed that the following address of con- 
gratulation had been sealed and will be presented on June 16th, 
1925, to the Royal Institution on the occasion of the celebration 
of the Centenary of the discovery of benzene by Michael Faraday : 


To the President, Officers and Members of the Ror ei Institution 
of Great Britain. 


The Chemical Society welcomes the opportunity of associating 
itself with the Royal Institution in celebrating the centenary 
of the Discovery of Benzene by Michael Faraday, a discovery 
which was destined to have such far-reaching effects on the 
foundation and development of structural organic chemistry 
and to lead to the establishment of many new and important 
industries. We remember with pride that in 1868 the Chemical 
Society instituted a Triennial Lecture to commemorate the 
work of Faraday, for we recognise in him the pioneer of many 
of the principles underlying the chemical science of to-day. 

We desire to join with the other Learned Societies and 
Academies of the world in offering our homage to the memory 
of this great and distinguished man. 

Signed on behalf of the Chemical Society, 
ARTHUR W. CrossLEy, President. 
JOCELYN THORPE, T'reasurer. 
a ace Secretaries. 
F. G. Donnan, Foreign Secretary. 


Sealed in Council this Fourth Day of June, One Thousand Nine 
Hundred and Twenty Five. 
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Mr. W. A. Wightman was formally admitted a Fellow of the 
Chemical Society. 
Certificates were read for the first time in favour of : 
William Bouch O’Brien Goudielock, 28, Fairfield Lane, Barrow-in-Furness. 
Jnanendra Nath Ray, M.Sc., The University, Manchester. 
Phyllis Mary Sanderson, 7, Cresswell Place, S.W. 10. 
Eric Alfred Speight, B.Sc., A.R.C.S., 61, Arthur Road, Wimbledon Park, 
S.W. 19. 
Gordon Mitchell Wright, M.A., B.Se., University Chemical Laboratory, 
Cambridge. 


The following papers were read : ) 
“The spatial structure of cycloparaffins. Part I. A new 
aspect’ of Mohr’s theory and the isomerism of decahydro- 
naphthalene.”” By W. A. WIGHTMAN. 
‘Chenopodium oil. Part II. The hydrocarbon fraction.” By 
T. A. Henry and H. Pacer. 
“ Echitamine.”’” By J. A. Goopson and T. A. Hmnry. 


Ordinary Scientific Meeting, Thursday, June 18th, 1925, at 
8 p.m., Dr. ARTHUR W. CrossLEY, C.M.G., C.B.E., D.Sc., F.R.S.; 
President, in the Chair. 


The PRESIDENT announced : 

1. That, as Fellows would know, the Council has had before it for 
some time past the possibility of unifying chemical abstracts in 
pure and applied chemistry in the English language, and as stated 
in the Report of Council for 1923—1924, the Bureau of Chemical 
Abstracts was created to effect such unification. The Council, 
at its meeting that afternoon, had under consideration the following 
proposals of the Bureau, that 


(1) The format adopted for the unified publications should 
be double column quarto. 

(2) The type should be that now employed in the “A” 
Abstracts. 

(3) The existing overlap, estimated to be at least 10%or 
should be eliminated, 


as well as the further suggestion that, in the event of these pro- 
posals being adopted, one annual index covering both sections of 
the Abstracts should be supplied to all members of the two Societies. 
concerned. 
The Council has adopted the following resolution : 
“That the Council concurs in the Bureau’s proposals for 


the unification of the Abstracts in Pure and Applied Chemistry, 
and urges the Fellows, in the interests of co-operation and of 
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the consolidation of British Chemical Abstracts, to accept 
loyally such changes of format and arrangement as these 
proposals may involve.” 


It was further intimated that the proposals of the Bureau have also 
been accepted by the Council of the Society of Chemical Industry. 

The President expressed the hope that Fellows would loyally 
support the efforts being made in the direction of unifying British 
chemical abstracts. 

2. That the Faraday Society will hold a General Discussion on 
“ Photochemical Reactions in Liquids and Gases” at Oxford on 
October Ist and 2nd next. The subject will be discussed under 
_ two main heads: (1) Einstein’s Law of Photochemical Equivalence, 
(2) The Mechanism of Photochemical Reactions. Part I will be 
opened by Professor A. J. Allmand (King’s College) and Part II 
by Professor M. Bodenstein (Berlin). 

Fellows of the Chemical Society will be welcomed at this meeting, 
and it is hoped to accommodate all who attend the meeting at 
Exeter College and Lincoln College. Those desirous of attending 
are asked to communicate at once with the Secretary of the Faraday 
Society, 90, Great Russell Street, London, W.C. 1, from whom full 
particulars may be obtained. 

3. That a communication has been received from the Com- 
mittee of the van’t Hoff Fund for the endowment of research in 
pure and applied chemistry. The amount from this fund available 
for distribution during 1926 is about 1400 Dutch florins. 

A Committee, consisting of Professor A. F. Holleman (President), 
Professor F. M. Jaeger, Professor A. Smits, and Mr. J. P. Wibaut 
(Secretary), has been appointed to award Grants. Applications 
should be sent before November Ist, 1925, by registered post to: 
“Het Bestuur der Koninklyke Akademie van Wetenschappen, 
bestemd voor de Commissie van het ‘ van’t Hofffonds,’ Trippenhuis, 
Kloveniersburgwal, Amsterdam.” Every applicant is requested 
to submit a detailed account of the manner in which he proposes 
to expend the grant and to state the reasons for which he makes 
his application. 

Papers embodying the results of the research may be published 
in any journal, but acknowledgment must be made of the source 
of the grant. Copies of papers containing the results of the research 
must be forwarded to the Committee. 

4. That Volume V of the Annual Tables of Constants and 
Numerical Data is now ready, and is obtainable from Monsieur 
Charles Marie (9, Rue de Bagneux, Paris VI) who will be glad to 
send particulars on application. 


Messrs. J. B. Reed and P. W. B. Harrison were formally admitted 


Fellows of the Chemical Society. 


Certificates were read for the first time in favour of : 


Joseph Raymond Dolphin, B.Se., Chemical Department, The University, 


Birmingham. 


Henry Wilfrid Keenan, 80, Upper Richmond Road, East Sheen, 8.W. 14. 
Bertram Grey Leatherbarrow, Hill Crest, Station Road, Brimington, Chester- 


field. 


Henry Nicholson, M.Se., Aberlady, Osborne Road, Stockton-on-Tees. 
Robert Saxon, B.Se., Westfield Terrace, Baildon, Yorks. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


Bertram Cuthbert, c/o The British Australian Cotton Association, 


Oil Mills, Brisbane. 


Ltd. 


Albert Louis Auguste Sigot, Institut de Chimie, 2, Rue Goethe, Strasbourg. 


Mr. H. C. Sayer and Dr. H. Burgess were elected Scrutators, 
and a ballot for the election of Fellows was held, the following 
subsequently being declared elected as Fellows : 


Marion Alice Battie, B.Se., A.1.C. 
Maung Hla Baw. 
William Beesley. 
William Ambler Berry, 
Joseph John Blackie. 
Samuel Cyril Blacktin, M.Sc. 


B.Se. 


Neville Melton Bligh, A.R.C.S., 
A.L.C. 

Hugh Alexander Millar ‘Borland, 
M.Sce., A.R.C.S. 


Nirmal Boran Brohmachary, B.Sc. 

Gertrude Margaret Bullick, B.Sc. 

Ralph Edgar Cable. 

Thomas Anthony Canning. 

Leslie Marshall Clark, B.A., Ph.D., 
A.I.C. 

Clive Kear Colwell, B.A. 

Jan Coops. 

William George Corderoy, B.Se 

Oswald Pilkington Cronshaw. 

John Carroll Culbert. 

John Alexander Currie, B.A., B.Se. 

Alexander John Dey. 

Thomas Dillon, M.A., D.8&c. 

Octave Charles Marie Dony. 

Howard Ecker. 

Stanley James Featherston. 

Malcolm Sinclair Gaskill. 

William Edward Gibbs, D.Se 


Norman Hamer, Assoc.M.C.T. 

Ernest Hartshorne, B.Sc.Tech. 

Arthur Harvey. 

Charles Richard Hennings, Ph.D. 

James Hindle. 

Noel Waterman Vere Jones. 

Frank William Linch, M.S8c., F.1.C. 

Charles Lipshaw. 

Thomas Moore, B.Se. 

Ivor Gray Nixon. 

Vincent Joseph Celene M.S8ce., 
A.C. 

Ernest Charles Padgham. 

James Arthur Prescott, M.Sc., A.I.C. 

John Monteath Robertson, B.Sce., 
A.L.C. 

Leon Rubenstein, B.Se. 

Malik Karam Singh, B.Sc. 

Alexander Smith. . 

Norman Heath Smith, B.Se.Tech. 

Alec Thomas Streather, B.Sc., A.I.C, 

John Thurgood, B.Sc. 

Violet Corona Gwynne Trew. 

Shojiro Uchida. 

John Henry Walker, A.R.T.C., A.I.C. 

Ernest Henry Warren, B.A. 

James Watt. 

William John Willis. 
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The following papers were read : 

“ Investigations on the dependence of rotatory power on chemical 
constitution. Part XXVII. Some esters of p-toluene-sul- 
phonic and sulphinic acids.”” By H. Puriures. 

“The enhanced reactivity of newly formed molecules. Part I. 
The conversion of cyclols into ketones.”” By F. R. Goss and 
C. K. INGoup. 

“Constituents of Myoporum leium, Forst (‘ The Ngaio’). Part I.” 
By F. H. McDowa tt. 

“ A synthesis of datiscetin.”” By J. Karr and R. Rosprnson. 

“The relative directive powers of groups of the forms RO- and 
RR’‘N- in aromatic substitutions. Part IV. A discussion of 
the observations recorded in Parts I, II, and III.” By J. 
ALLAN, A. E. Oxrorp, R. Rosinson, and J. C. Smrru. 

“* A new aspect of the photochemical union of hydrogen and chlorine, 
and a quantitative study of the induction period.” By R.G. W. 
NoRRISH. 


The Council has made the following Grants from the Research 
Fund : 


PAE, file 
Bromination products of caronic acid. R. G. Atkinson. see ha ey 
Mechanism of tautomeric change. J. W. Baker ee olathe tre 
Photographic investigation of explosion waves. C. Campbell .. 0) Oo 
Chemistry of the aminotriazole derivatives (contd.). P.K. Dutt. 5 0 0 
Chemistry of the acridine molecule (contd.). P. K. Dutt BO NO 
Ring-chain tautomerism. §. Dutt sige 10 0 0 
Taeatiration and synthesis of ten-membered eke ie the eos 

pine type. G. A. Edwards _... eae eee ee aes hae LONER E 
Contact electrification. F.Fairbrother ... ae eae Ree e 
Oxidation of 5: 6-benzo-1: 1’ sdiethylearbooyar anine bromide. 

E. H. St. C. Flack AY eae Fig Neeeros | Osa One 
Oxidation of sesquiterpenes. D. T. ibene) ae she pnt Wii Lt 
Action of thionyl chloride on hydroxybenzenes. A. Green ... . 5 0 0 
Structure of alkaloids and related compounds. J. M.Gulland... 10 0 0 
Derivatives of methyl quinolines (contd.). D. Ll. Hammick ... 10 0 0 
Some polarity effects in substituted stilbenes and tolanes. H. A. 

Harrison ... ah aed oes) ek LOI GID 
Synthesis of alkaloids Waa Allied comipoundal R. D. Haworth... 15 0 0 
Investigation of the structure of Ciba Yellow (contd.). E. Hope 10 0 0 
Experiments on the tetrahedral theory to S—N rings. R. F. 

Hunter —... Di 
Action of aldehydes on aldehyde eee ins in Sica B. H. 

Ingham ... 4 me ho 0.0 
Reactivity of bivalent eestion. Mrs. ‘E. H. Arp gold: eon? ae 10 0 0 
Correlation of additive reactions with tautomeric change tooneed: ). 

Mrs. E. H. Ingold is 5 0 0 


Mobility of the aB-By change in Unbatuaebd a acids and Ghks junelbed 
ketones. J.D. Johnson sate Yee ah eee seeby ol S Oi 
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£ api d. 
Influence of gem-dimethy] grouping on the formation and ring | 
closure of substituted adipic acids. J. Kracovski ... 12 0 90 
The constitution of strychnine and of brucine. F. Lions 20 0: 90 
Acid chlorides of the type chlorothiol benzoyl chloride and their 
products. E.W. McClelland ... se 5 0 0 
Influence of variou’ substituents on the sce eh a wie. aN com- 
pounds. I. Cyanohydrin formation. R. H. F. Manske.. 10<, 0.250 
Further investigation of the ‘‘ Rotary Stillhead.” J. E. iver 10 0 0 
Investigation of heterocyclic compounds related to tetrahydro- 
earbazole. 8. G. P. Plant 15 0 0 
Stereochemistry of arsenic. R. Raper a 10 0 90 
Rapid thermal decomposition of certain organic com BaGan andes 
reduced pressure. J. Reilly 7 10 
Ring-chain tautomerism of the BA- Aimottrrased ovis aaiae aa 
their structures. E. Rothstein 20 0 0 
(a) Substituted indole derivatives .. ae 
(6) Orientation in trisubstituted benzene HRM as (comb Ds Sale 
Rubenstein 5 0 0 
Chemistry of the three- eee op re ‘F, Stith 12 0 0 
Three-carbon tautomerism (contd.). E. A. Speight 15 0 O 
The parachor and chemical constitution. 8. Sugden Prats LE 
Influence of water vapour on reactions of the type: Solid = 
solid + gas. B. Topley Poe 5 0 0 
Physical properties of straight-chain alkyl heneaiee coed thet 
derivatives (conid.). E. E. Turner 5 0 0 
Investigation of sulphur trioxide (contd.). I. Sogel 5 i 5 0 0 
Synthetical experiments in the isoquinoline series. R.Campbell 10 0 0 
Separation of platinum from iridium and rhodium with special 
reference to complex nitrites. D.F. Withers 10 0 90 
Total so a OL eee 
PUBLICATIONS FUND. 
List of Donations and Subscriptions received from Fellows. 
Donations. Subscriptions. 
Les id. FSM. 
Aeworth, J. J. , : 2 60,4000 
Albright, G. 8. : - wa OTRO YT 
Andrews, L. W. ($20. OG int ; 4 911 
Appleyard, P. : : ; ‘ ‘ 1 0 Oper annum 
Atkinson, H. M. : é HOT; OF10 
Audley, J. A. . i , ! - ; 10 O $y 
Backer, H. J. . : ek Ca 
Bahadur, His Highness Mahar aja 
Rana Sir Bhawani Singh . 15 0 0 
Baker, H.B. .. . ; ; : ’ 15 0 0 (£3 per annum for 
5 years) 
Barker, T. V. 


Barlow, H. W. L. 
Barnett, E. de B. 


bt be bO 
Sia) 
Osos 
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Donations. Subscriptions. 
LP a de pane Pa 2 
Barton, R. ‘ : q é Te La 
Bedford, C. 8. . : d d : ; 1 1 Oper annum 
Beilby, Sir George . c 2a er 
Blackman, P. . ; f ' : Fs 3 0 a 
Boake, A. j ; d , 5 Cheg 
Boon; Ax%AL.* : : ¢ : : hi O08 My 
Borland, W. D. : d 2 LO LOO 
Borns, H. : : ; o) LO ORG 
Boyle, M. : ; ‘ : : ‘ 10 0 es 
Brady, O. L. . : d ; ; 5 2 0 O per annum for 5 
years 

Braunholtz, W. T. K. : ‘ 10 O 
Briinnich, J. C. : : oe Les OG 

' Bryant, J.J. . : : : Ee BO 
Burgess, M. J. : 2 VK Aah erie 10 O per annum 
Carlton, M. : t : ; ‘ ‘ 10 O Ny 
Carpmael, W. . : : i : ‘ B10 4 
Carr, F. H. : ‘ ; } He Da 
Carter, S. R. . t r x d Le}? a 
Caswell, A. E. . ; b i ‘ : 5 O + 
Caven, R. M. . 4 HieR aie Md Le O.0 ‘3 


Chapman, A. Chaston : Ler los GO 
Chapman, D. L. a ; ; BILGE Oe. 

Chattaway, F.D. . : rhs SG, GIO 

5 0 

0 


Chikashigé, M. A 2 ; 0 

Clarke: H.T... 3 j ate 

Cohen, J.B. . : : : : x 10 O a 

Colles, W. M. . : : , Bek 0 

Collie, J.N.  . : ; see LOS, OO 

Colman, H. G. ; : ar 1G GEO 3 

Cottrell, A. ‘ a F : ‘ 10 O 7 

Cowburn, A. W. : : ; oP GF 0 

Cox, H. E. ‘ ; ; : : : 1 1 O per annum for 5 
years 

Crompton, H. . ; : ae LOW ON 8 

Cross, C. F. z : : . 100.03. 0 

Crossley, A. W. ; ; 20h OO 

Crowle, R. 8. . : : ; : : 1 © O per annum for 5 
years 

Cuthbertson, L. M. G. . , PUWEO 

Dakin, H. D. . : ; we lLOh- Oe 

Denham, W. S. : 5 an OP Gs) 0 

Drxon; HuBe". - : e101) 0 

Donnan, F. G. ; : : ore. 

Doran, W. . \ : ? Hole O 

Douglas, J. R. ae ; : i 10 Oper annum 

doe? om Te Ale eee : z f ; 2 0 O per annum for 5 
years 

Dutt, P.K. . : : } , : 10 Oper annum 

Dyer, B. . : i Er eG ; 


Easterfield, T.H. . 2 Av 1Gh C0 
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Donations. 
pA es Me 

Ehrhardt, E. F. By: 5 0 
Evans, U. R. . 62 0.0 
Everest, A. E. . by bye 
Ewan, T. ; 59 0 0 
Farmer, R.C. . has FAO 
Ferrier, G. S. 
Forster, M. O. . ‘ Sh Re. ea) Of 
Freeth, F. A. . 
Friend, J. A. N. 
Frost, R. 3) B.50 
Bryer, Ai C.,.: 3 2 0 
Garner, W. E. . 
Gibson, C. 8S. ba 0 
Gilmour, R. . SL 
Gonville, C. H. K. 2 2G 
Goodson, J. A. 
Green, A. G. 
Greenaway, A. J. Gp.00°0 
Greeves, A. 5 0 0 
Hale, A. J. Sends 0 
Hale, H. O. ; : ‘ OS O 
Hale, W. J. . ; ; ed OS SOO 
Harker, G. 2. Dy 20 
Bart, Ho We) 2 ; 7 : ; : 
Hartley, T. ; Keays , 5 65.0 
Hartung, E. J. ‘ P : : 
Haworth, W. N. : ; : 5 0 0 
Heasman, B. R. : 5 : 270K O 
Heilbron, I. M. : , a Oe LEO 
Hellon, R. . : : : 
Henderson, G. G. ; : ; Dy a Qe 
Henley, The Hon. F. R. . : 5 0 0 
Henry, T. A. . P , ey ROS Oe 30 
Henstock, H. . : , : beta Os 
Heycock, C. T. ‘ ‘ ~ 610 10:)0 
Hill, C. A. ; ; : el Oe OFe 0 
Hills, H. F. ‘ ; ‘ A 5 0 0 
Hills, W. : ; 4 ; DLL 
Hinkel, L. E. . ; é ; by OY 0 
Hislop, R. F. 
Holeroft, H. ‘ ; : ‘ ‘ 
Hooker, 8. C. . ; ‘ ru Oe Ly aay 
Hooper, E. Grant. : APRA EE 
Hornby, R. Hod. O 
Horton, H. V.. é : Sg 
Howard, D. L. ; , ter Ore OY 


10 


5 
10 


Subscriptions. 
d. 


0 for 1925. Will 
subscribe annu- 
ally; amount 
may vary 


0 per annum 
0 > . 


0 per annum for 2 
years 

0 per annum for $ 
years 


0 per annum 


0 aes 


0 (deceased) 


0 per annum 
0 » 


Ingold, C. K. 
Irvine, Sir James 
Irwin, W. 
Jackson, 8. 
Jacob, C. W. . 
Jenkins, J. H. B. 
Kenner, J. : 
Kipping, F. 8S. 
Kynaston, J. W. 
Lamb, E. ’ 
Lampitt, L. H. 
Lapworth, A. 
Lattey, W. T. . 

- Laurie, A. P. 
Law, H. BE. +. 
Leathes, J. B. . 
Lessner, C. 
Levy, S. I. 
Lewis, E. W. 
Lewis, W. C. McC. 
Lewis, W. J. 
Liveing, G. D. 
Liversidge, A. 
Low, A. M. 
Lowry, T. M. 
Lyons, A.B. . 
Macalpine, F. C. 


McBain, J. W. 
McEwen, B. C. 
McGowan, G. 
McKenzie, A. 
Main, H. 

Marcan, A. : 
Martin, George, H. 
Martindale, W. H. 
Martineau, 8. 
Matthews, D. J. 
Maxwell, M. 
Meldrum, A. N. 
Mellor, J. W. 
Menzies, R. C.. 
Merrett, W. H. 


Miers, Sir Henry A. 


Moody, G. T. 
Moore, T. 8. 
Moyle, R. E. 
Muir, M. M. P. 


Munroe, C. E. . 
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Donations. 
cfu Ba ft. 
Sto 
1g) 020 
, 1020 
ee day SAW 
510 
10; 08 0 
5 0 0 
110 0O 
20 0 O 
22) ae t 
10 O O 
1s O8..0 
10) OF 2 0 
50.0 
50 O O 
95 0 O 

10, 0 
Ba OO 
1 00 0 
Se at) 
ke be) 
3) 2. 0 
Love. 9 
B&O 
te) OO 
So th 
10; Ox; 0 
LOK: O 
710° .0 
4 4 0 
LT oe, 
Bic Oo .G 
10) ,0 0 


jd 


or 


0 


0 
0 


10 


Subscriptions. 
d. 


0 per annum. 


0 

0 » 

0 o 

0 » 

0 ais 

0 ” 

0 3? 

0 per annum from 


1926 


0 per annum 


6 %, 


0 for 1924 


0 per annum for 10 
years 
0 per annum 


0 per annum for 5 
years 
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Donations. Subscriptions. 
Sumas Pity PINE AY Naf 
Murphy, A. J. . : ; ; : 3 0 Oper annum 
Neilsen, R.G.. °. p : ‘ ; 6:0. re 


Norrish, R. G. W. 1 0 O per annum for 3 
years 

O’Mahony, D. J. ; t : ; ) 1 J O per annum for 3 
years 

Ormiston, A. R. : Y pea ee OKO 

Page, A. B. P. ’ : DM na) 

Perkin, A. G. . ; ; ee ARB E Waly 

Perkin, W. H. . : ¢ Oe: OE SO 3 0 Oper annum 

Perman, E. P. , P A § \ Ly Oo°0 vs 

Petrie, TP -Ga b y : Le TsO 

Bheip) Je.C. . A : Be g 1 1 O per annum for 5 
years 

Picton, H. ‘ : : ; , : 1 0 Oper annum 

Pilley. ise oh) ‘ ; ; 2! 0'10 

Plant, S. G. P. ‘ : ; I O10 

Plimmer, R. H. A. . : , : ‘ lI 1.0 53 

Polack, W. G. . P : : ; , Tg re 

Pollard, W. B. ' : pt Or a 

Pope. Oi, 3. : i ‘ 10 6 

Pope, Sir William J. ;  M20L OD 

Price, E. EB... . A ‘ : : ; 3 0 0 ~ 

Price, J. E. B. : ; 4 e: \ 10 90 Fe 

Price, T. Slater : ; ; oF oe OD 

Probert, M. E. i : ; : é 10 O ro 

Purves, G. T. DAM 

Purvis, J. E. . 2 ; ; 5. Oe 0 

Pynian, i... : d el LO OAs 

Quastel, J. H. . Vee D 

Quibell, O. F020 

Rankin, J. ; ; : : 5: 0 0 

Ray, Sir Prafulla ‘ : ; ‘ : 3.0 0 A 

Raymond, P. J. ; : 19 180 

Reverson, W. . ; ‘ : , : 10 90 if 

Rintoul, W. . : f : : , 1 0 O per annum for 5 
years 

Rivett, A. C. D* ! t , : : 1 O O per annum 

Robertson, Sir Robert ; bot LOS OIRO 

Robinson, R. . : f of WTO OO 

Rose, Sir Thomas K. 1. Oo 5s 

Rosenheim, O. 2 0 0 per annum for 5 
years 

Rule, H.G. .. : ! : i , 1 QO O per annum 

Salomons, Sir David, Bart. 1O 0 10 

Salter, M. J... ‘ : é iares ea 0) 

Sand, H. J.S. . : ‘ ; 5 0 0 

Schofield, J. A. . : . 20 2.0 

Shimomura, A. & K. \ Le OL 

Shoesmith, J. B. ; ’ ; . 7 15 0 »» (£1 for 1924) 


o 
So 


Sidgwick, N. V. ‘ ; . 100 
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Donations. Subscriptions. 
oh es SRY ihe 
Silberrad, C. A. ‘ , : Q : 1 O O per annum. 
Silberrad, O. . i é : apa Shad L, 
Simpson, W. 8. : ; ee AR is A) 
mmed, F. 6... ; ; ‘ ‘ : £1 for 1924; 10s. for 1925 
Smetham, A. . , : : : d 1 0 O per annum for 5 
years 
Smiles, 8. : . : .. 40 0 0 
Smith, Clarence ; : : / : 1 O Oper annum 
Smith, Claude . / 5 : a 20 
Smith, F.C... : ‘ ‘ ‘ : 5 0 3 
Smith, J. D. M. : : : : ‘ 1 1 0 occasionally 
Stansfield, A. . : ; i : D 1 QO Oper annum 
Steuart, D. R. . : : . Gost 
Stevenson, A. . 5 . : WE deka B 
Storr, B. V. , : : 10 O 
Swan, E. ¥ , L iOvv 
‘Thackrah, J. R. : ; . : d 10 0 (resigned) 
Thomas, H. W. ‘ : ‘ é : 2-0 Oper annum 
Thompson, C. M. _. 4 . 1010 9 
Thomson, R. W. M. . ; p ; : 5 0 (deceased) 
Thorpe, J. F. . : : ME a One: oD 
Treharne, F. G. ; ; : P . 1 O Oper annum 
‘Tucker, T. : : ; : ‘ y ae ieee i) Be 
‘Turbutt, R. B. \ , s : : 10 @O if 
Verma,P.L. . P P ; ’ 10 9O 7, 
Voelcker, E. W. & ib pe) ee eee Oh. yO 
Walker, A. 3 : adda eh aC i 
Walker, Sir James. ; SVITO 10:10 
Warwick, G. R. , , : Be O20 
Whiteley, M. A. ; ; ; ; : 10 O “A 
Williams, W. Carleton : Es OO) 
Wilson, C. P. . . é , , : 10 0O mY 
Wilson, F. J. . . : Say 
Withers, J.C. . : : t : : e520 ei 
Woolcock, W. J. U. . . ; fi Oad 
Wright, W. T. ; t 1 Oy On 70 
Wynne, W. P. : : F ‘ : 5 5 O per annum for 4 
years 

Young, G. W. : } : : 5 O per annum 
Von gyi bby ts ; : Leyte x0" 40 
Young, Sydney , 5 LO rn 10 

Total. ‘ , SLBOL a. Ne 


THE LIBRARY. 


The Library will be closed for Stocktaking from Monday, August 
3rd, until Saturday, August 15th, 1925 (inclusive). During the 
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following four weeks (August 17th to September 12th), the Library 
will close daily at 5 p.m. | 


LIST OF FELLOWS, 1925. 


The List of Fellows for 1925 is now in active preparation and 
will be supplied to those Fellows who make application to the- 
Assistant Secretary by the 31st July, 1925. In order that the 
new List may be as complete as possible, Fellows are invited to- 
notify any change of address, or other alteration, before that date. 


BERICHTE, 1915-1924. 


Sets of the Berichte from 1915 to 1924 (10 years) are now offered. 
to Fellows of the Society at £22, carriage extra. Application 
should be made to Mr. S. E. Carr. 


List of papers, or Abstracts thereof, received between May 22nd 
and June 18th, 1925. (This List does not include the titles of 
papers which have been read at a Scientific Meeting or which have 
appeared in the Journal.) 


~ A low voltage standard cell.’”” By H. Mastin. 

‘ Hydrogen and oxygen electrode titrations of some dibasic acids | 
and of dextrose.” By H. T. 8. Brrrron. 

Sulphur sesquioxide.”’ By I. Voaun and J. R. Parrrneron. 

“The relation of homogeneous to catalysed reactions. The 
catalytic decomposition of hydrogen iodide on the surface of 
gold.” By C. N. Hrysueiwoop and C. R. Pricnarp. 

“ The decomposition of carbon monoxide in the corona due to 
alternating electric fields. Part I.” By M. Crespr and 
R. W. Lunt. 

“The formation and stability of spiro-compounds. Part XII. 
Further evidence for the multiplanar configuration of the 
cycloheptane ring.”’ By J. W. Baxnr. 

‘The condensed ternary system phenol—water-salicylic acid.” 
By C. R. Batney. 

~ The hydration of strong electrolytes and some properties of salt 
solutions.”” By J. N. SuapmEn. 

* The action of sulphur on amines. Part III. o-, m-, and p-Chloro- 
anilines.”” By H. H. Hopason and J. H. WILSON. 

“The system sodium sulphite-sodium hydroxide—water.” By | 
D. L. Hamoick and J. A. Currin. 
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“‘Synthetical experiments in the isoquinoline group. Part V. 
Synthesis of substances allied to oxyberberine.” By R. D. 
Haworts, W. H. Perkin, and H. 8. PINK. 

““ Amino benzothiazoles. Part II. The naphthylamino naphthi- 
azoles and their bromo derivatives.”” By R. F. Hunter. 

‘‘ Negative adsorption : the surface tensions and activities of some 
aqueous salt solutions.” By A. K. Goarp. 

“The structure of «-campholytic acid. A correction.” By J. P.C. 
CHANDRASENA, C. K. INGOLD, and J. F. THORPE. 

““The interaction of carbon dioxide and hydrogen on the surface 
of tungsten.”’ By C. N. HinsHELwoop and C. R. PRICHARD. 

«« Note on potassium antimonoxalate.” By L. H. A. Hormmes and 
K. E. TURNER. 

“Studies on the Walden inversion. Part IX. ‘The influence of 
the solvent on the sign of the product in the conversion of 
8-bromo-8-phenylpropionic acids to 8-hydroxy-8-phenylpro- 
pionamides.”” By G. SENTER and A. M. Warp. 

‘“** Co-ordination ’ and the periodic table.” By I. AUCKEN. 

‘* Anode phenomena in the electrolysis of potassium ethyl malonate.” 
By J. B. RoBERTSON. 

““The isomerism of the styryl alkyl ketones. Part Il. The 
isomerism of the homologues of 2-hydroxystyryl, and of 
3-methoxy-, and 4-hydroxy-styryl methyl ketones.” By A. 
McGooxin and D. J. SINCLAIR. 

“‘ Hydrogen electrode studies of the precipitation of hydroxides. 
Part I. Magnesium, manganous, ferrous, cobalt, nickel, and 
thorium.” By H. T. 8. Brirron. 

<“ Stereoisomeric azo-dyes.”’ By G. T. Morcan and D. G. SKINNER. 

“4. and 4'-Methoxybenzoylbenzoin.” By H. GREENE. 

“The relative rates of conversion of phenoxyphenyldichloroarsine 
and its chloro-derivatives into chlorophenoxarsines.” By 
E. Roperts and E. E. TURNER. 

“Chemistry of petroleum. Part II. The action of sodium hypo- 
chlorite on types of sulphur compounds found in petroleum 
distillates.” By S. F. Brrcw and W.S. G. P. Norris. 

‘“‘ Derivatives of é-o-aminobenzoylvaleric acid.” By M.J. Parmrson 
and 8. G. P. PLANT. 

“The action of formic acid on certain sesquiterpenes.” By J. M. 
Ropertson, C. A. Kerr, and G. G. HENDERSON. 

“Syntheses of disulphoxides.” By D. T. Gipson, C. J. MILLER, 
and §. SMILES. 

“The effect of gum arabic and other emulsifiers on the acid hydro- 
lysis of esters in heterogeneous systems.” By R. C. SMITH. 

“Lithium are spectrum for polarimetric use.” By P. C. AusTIN. 
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“ Bismuth dihydride.” By E. J. Werxs and J. G. F. Druce. 

“ Reduction product of the hydroxyanthraquinones. Part VI.” : 
By A. G. Perkin and G. Yopa. 

“ A wandering of the acetyl group during methylation.” By O. 
Kusota and A. G. PERKIN. 

“ The supposed formation of 1 : 2 : 4-oxadi-imine rings from nitroso- 
compounds and methylenearylamines.” By G. N. Burx- 
HARDT, A. LAPWORTH, and E. B. Rosprnson. 

“The reaction of bromine with aliphatic acids. Catalytic effect 
of acyl halides.” By H. B. Watson. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


CLARKE, FRANK WIGGLESwoRTH. The data of geochemistry. 
Sth edition. Washington 1924. pp. 842. (Recd. 26/5/25.) 
| From the Author. 
DANIELS, GEORGE Wrttt4m. Refrigeration in the chemical 
industry. London 1925. pp.x+ 141. ill. (Reed. 29/5/25.) 
From the Publisher: Mr. A. J. Rayment. 
EastMAN Kopak Company. Abridged scientific publications 
from the Research Laboratories. Vol. VIII, 1924. Rochester, 
N.Y. 1925. pp. 156+ vi. ill. (Reference.) 
From the Eastman Kodak Company. 
IMPERIAL COLLEGE CHEMICAL Soctety. Journal. Vol. IV, 
containing the papers read during the session 1924—1925. London 
1925. pp. 54. ill. (Reference.) From the Society. 
Kiar, M. The technology of wood distillation with special 
reference to the methods of obtaining the intermediate and finished 
products from the primary distillate. Translated [from the 2nd 
German edition] by AtexanpeR Ruy. With an additional 
chapter by the translator. London 1925. pp. xvi+ 496. ill. 
25s. net. (Recd. 8/6/25.) 
From the Publishers: Messrs. Chapman & Hall. 
Morrice, ALEXANDER. A treatise on brewing: wherein is 
exhibited the whole process of the art and mystery of brewing the 
various sorts of malt liquor; with practical examples upon each 
species. Together with the manner of using the thermometer and 
saccharometer; elucidated by examples, and rendered easy to any 
capacity, in brewing London porter [etc.]. London 1802. pp. 
[xii] + v to 180 + [xii]. ill. (Reference.) 
from Dr. Alexander Scott. 


103 


NationaL BrenzoLe Association and Universiry or LEEbs. 
Joint Benzole Research Committee. Second report. London 1925. 
pp. 246. ill. (Recd. 18/5/25.) 

From the National Benzole Association. 

OrGANIC SYNTHESES: an annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. IV. 
Edited by OxitverR Kamm [and others]. New York 1925. pp. 
viii + 90. 7s. 6d. net. (Recd. 22/5/25.) 

From the London Publishers: Messrs. Chapman & Hall. 

Tina. Revue Générale de Teinture Impression Blanchiment 
Apprét et de Chimie Textile et Tinctoriale et Revue de la Soie 
Artificielle. Year II, etc. Paris 1924+. (Reference.) 

From the Publishers. 


II. By Purchase. 


BrratwHIstLE, GrorGe. The principles of thermodynamics. 
Cambridge 1925. pp. x +164. ill. 7s. 6d. net. (Recd. 10/6/25.) 

CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE 1925: a 
catalogue of heavy and fine chemicals, raw material, machinery, 
plant and equipment applicable to production industries. Compiled 
with the co-operation of leading British manufacturers by LEoNARD 
Hm. Edited by Duptey Mavrice Newitt. London 1925. 
pp- 260. ill. (Reference.) 21s. net. 

Dukes, CutsaBert. The bacteriology of food. London 1925. 
pp. xii + 180. ill. 7s. 6d. net. (Recd. 10/6/25.) 

Frrenp, Joun Newron. [Editor.] A text-book of inorganic 
chemistry. Vol. III. Part i. The alkaline earth metals. By 
May Sysit Burr (née Lestie). London 1925. pp. xxvi-+ 346. 
(Reference.) 20s. net. 

Hows, H. E. [Editor.] Chemistry in industry: a codperative 
work intended to give examples of the contributions made to 
industry by chemistry. New York 1924. pp. xiv + 372. ill. 
6s. net. (Recd. 16/4/25.) 

JORGENSEN, ALFRED. Micro-organisms and fermentation. 5th 
edition. Revised by the Author with the assistance of S. H. 
Davies. London 1925. pp. xiv + 468. ill. 30s. net. (Recd. 
10/6/25.) 

Jounson, J. B. Materials of construction. Rewritten by M. O. 
Witney and James Aston. Edited by F. E. TURNEAURE. 6th 
edition. New York 1925. pp. xx + 866. ill. 30s. net. (feed. 
13/5/25.) 

Ktiooster, Henry S. van. Lecture and laboratory experiments 
in physical chemistry. 2nd edition. Easton, Pa. 1925. pp. x + 
274. ill. 12s. net. (Recd. 15/5/25.) 


104 


Lapoo, Raymonp B. Non-metallic minerals: occurrence— 
_preparation—utilization. New York 1925. pp. viii + 686. ill. 
30s. net. (Recd. 10/6/25.) : 

Lorp, Lronarp J. Practical butter and cheese making. 
London 1925. pp. 200. ill. 10s. 6d. net. (Reed. 13/5/25.) 

MELLOR, Jos—ePpH WiLLIaM. Modern inorganic chemistry. New 
edition. London 1925. pp. xx +1104. ill. 12s. 6d. net. (Recd. 
15/5/25.) | 

NEwMsN, Frank HERBERT. The production and measurement 
of low pressures. London 1925. pp. 192. ill. 16s. net. (Recd. 
10/6/25.) 


Nortu, Sypney H., and Garsz, J. B.. Low temperature dis-. 


tillation, home oil supply and the utilization of “ waste” coal. 
London 1925. pp. vi+ 216. ill. 15s. net. (Reed. 13/5/25.) 

O’Brien, W. B. Factory practice in manufacture of azo dyes. 
Easton, Pa. 1924. pp. viii+176. ill. 22s. 6d. net. (Recd. 16/4/25.) 

Parry, Ernest Joun. Parry’s cyclopedia of perfumery. 2 vols. 
London 1925. pp. vi + 840. (Reference.) 36s. net. 

RicoMonp, Hunry Droop. The laboratory book of dairy 
analysis. 8rd edition. London 1925. pp. viii+-118. ill. 5s. 
net. (Recd. 15/5/25.) ih 

Sim, JamEs. Steam condensing plant in theory and practice. 
London 1925. pp. xiv + 272. ill. 18s. 6d. net. (Recd. 10/6/25.) 

THompson, MAvuRIcE DE Kay. Theoretical and applied electro- 
chemistry. Revised edition. New York 1925. pp. xx + 552. 
ill. 20s. net. (Recd. 13/5/25.) 

THomsoN, Sir JosepH Joun. The electron in chemistry : being 
five lectures delivered at the Franklin Institute, Philadelphia. 
[Philadelphia] 1923. pp. vi-+ 144. ill. 10s. 6d. net. (Recd. 
15/5/25.) ay ae 

VEDDER, Epwarp B. The medical aspects of chemical warfare. 
With a chapter on the naval medical aspects of chemical warfare 
by Duncan C. Watton. Baltimore 1925. pp. xvi-+ 328. ill. 
32s. 6d. net. (Recd. 26/5/25.) 


WELLS, Harry GipEon. The chemical aspects of immunity. 


New York 1925. pp. 254. 20s. net. (Recd. 18/5/25.) 

WILLIAMS, GEORGE BransBy. Sewage disposal in India and 
the Hast. | Caleutta. 1924. pp: x + 280. ° ill)’ 17s. 6d. net. 
(Recd. 13/5/25.) | 

Woop, THomas Bartow. Animal nutrition. London 1924. 
pp. vii + 226. 4s. 6d. net. (Recd. 15/5/25.) ahs 

WorLtpD Power CoNnFERENCE, First. London 1924. Trans- 


actions. 5 vols. London [1925]. pp. xxiv + 1506, xviii + 1600, 


xvi + 1502, xx + 1816. ( Reference.) 


f 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, October 15th, 1925, 
-at8p.m., Dr. ARTHUR W. CROSSLEY, C.M.G.; C.B.E.; D.Sc., F.R:S., 
President, in the Chair. j . 


The PrestpENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 

Richard Burtles........ccccceeseeseeteeeeeesoreenenees May 3rd, 1923. July 3rd. 
Charles Frederick Chandler ............-.0.400+s Feb. Ist, 1872. Aug. 25th. 
William Henry Deering ..........:seeseeeeeeeeees April Ist, 1869. Sept. 5th. 
William Joseph Dibdin  ............seeeee eee eeeees April 15th, 1880. June 8th. 
BATHUO! GO ACKBON, faye divecescdes ts ecvecvguvsnteetadses Dec. 15th, 1892. J uly 27th 
Francis Robert Japp  .......cseeeececseececeeeseees Feb. 6th, 1879 1°? °% Nag! Ist. % 
Reginald A. Joyner ......s.csccsseteceseeeeeeeeerees Dec. 6th, 1917. Oct. 8th. 
Daniel Rankin Steuart  ...2,...cs-ceseveccrcceses Dec. 15th, 1881. Aug. gat 
[POSE a OA 1 Foe RG RE Feb. 2ist, 1948)\J v8) : 


The PRESIDENT announced that : } no! 3 
1. The first of the two Informal Lectures to be: held»this Session 
will be delivered in the Rooms of the Society on Thursday, 
November 26th, 1925, by Professor R. Robinson, D.Sc., F.RB.S., 

who has chosen as his subject : 


“Recent Researches on the Structural Relationships of 
Some Plant Products.” 


Special attention is drawn to the fact that the lecture will be 
delivered at 6 o’clock instead of at 8 o’clock as stated on the meeting 
card. 

2. Following the innovation made in October, 1923, it has 
been decided to hold next month a united dinner for British Chemists. 
The dinner, to be called “ British Chemistry Dinner ”’ is under the 
auspices of the Chemical Society, the Institute of Chemistry, the 
Society of Chemical Industry, the Association of British Chemical 
Manufacturers, the Institution of Petroleum Technologists, the 
Society of Public Analysts, the Bio-Chemical Society, the Oil and 
Colour Chemists’ Association, and the Chemical Industry Club, 
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and will be held at the Connaught Rooms, Great Queen Street, 
W.C. 2, on Friday, November 13th, 1925, at 6.30 for 7 p.m. Dr. 
W. R. Ormandy, Chairman of the Chemical Industry Club, will 
preside. _ 

The price of the tickets is 15s. each (not including wine) for 
lady or gentleman, and as the accommodation is limited to about 
400, early application is advisable. 

Besides the Loyal Toasts, there will be only two other Toasts, 
namely, “The Profession and Industry of Chemistry ” and ‘“ The 
Guests.” After dinner, there will be dancing and musical items. 

Application for tickets (15s. each), with remittance, should be 
sent to the Secretary of the Chemical Industry Club, 2, Whitehall 
Court, S.W. 1. | 

3. The Selection Committee of the Harrison Memorial Prize 
will meet shortly to consider the award of the Harrison Prize. 

The Prize, of the value of about £150, is to be awarded to the 
chemist of either sex being a natural born British subject and 
not at the time over thirty years of age, who, in the opinion of the 
Selection Committee, during the previous five years has conducted 
the most meritorious and promising original investigations in any 
branch of pure or applied chemistry and published the results of 
those investigations in a scientific periodical or periodicals. 

Provided that in the opinion of the Selection Committee there 
is a candidate of sufficient distinction to warrant an award of the 
Prize, the award is to be made in December, 1925. 

The Selection Committee is prepared to receive applications, 
nominations or information as to candidates eligible for the Prize. 
Any such information must be received by The President, The 
Chemical Society, Burlington House, Piccadilly, W.1, not later 
than Tuesday, December Ist, 1925. 

4. As Fellows are already aware, the Council has approved the 
proposals of the Bureau of Chemical Abstracts (see Procs. for June, 
1925), aiming at the unification of abstracts of chemical papers 
in this Country. As a consequence of the arrangements made, 
“ British Chemical Abstracts ” will appear as from January, 1926, 
in two sections, namely, A (Pure Chemistry) and B (Applied 
Chemistry), and will be in the same format and type, without 
overlap, and with one common index at the end of the year. The 
format adopted is that at present employed for the “‘ B ”’ Abstracts; 
beginning, therefore, with January, 1926, Fellows will receive the 
Abstracts in Pure Chemistry in quarto double-column size. This 
clearly means a break with the past, so far as the Chemical Society 
is concerned, but the Council trusts that in the interests of co-oper- 
ation the Fellows will accept these changes with loyalty. 
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5. The price of the Annual Reports for 1925, Vol. XXII, will 
be the same as for Vol. X XI, namely 5s. 6d. post free to those Fellows 
who apply by Christmas Day, 1925. Application should be made 
to the Assistant Secretary, and must be accompanied by a remittance 
for 5s. 6d. 

6. Volume I of the Memorial Lectures has been reproduced by 
a photographic process, and is now on sale at the Publishers, Messrs. 
Gurney & Jackson, 33, Paternoster Row, E.C. 4, price to Fellows 
9s. post free. 

7. Sets of the Berichte from 1915-1924 (10 years) can be obtained 
on application to the Assistant Secretary at the reduced price of 
- £22, plus carriage. 

8. In continuance of the arrangement made with the American 
Chemical Society, the Journal of the American Chemical Society, 
Industrial and Engineering Chemistry, and Chemical Abstracts, can 
be obtained by Fellows at the following reduced rates : 


Price for any one journal $7.25, post free, 
Price for any three journals $17.50, post free, 


while Chemical Reviews is offered to Fellows at $4.50, post free. 
Applications should be made as soon as possible to Dr. Charles L. 
Parsons, Secretary, American Chemical Society, 1709, G. Street 
N.W., Washington, D.C., U.S.A. 

The Journal of Physical Chemistry is obtainable by Fellows at 
$8.00 post free, published at $10.00. Application should be made 
_ to the Journal of Physical Chemistry, Ithaca, N.Y., U.S.A. 

9. A meeting of the Research Fund Committee will be held in 
December next. Applications for Grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Tuesday, December Ist, 1925. Applications from Fellows 
will receive prior consideration. 

All persons who received Grants in December, 1924, or in 
December of any previous year, whose accounts have not been 
closed by the Council, are reminded that Reports must be returned 
by December lst. 

The following were formally admitted Fellows of the Chemical 
Society : G. M. Bullick, C. G. Trew, I. C. P. Smith, W. G. Corderoy, 
E. H. Warren, I. A. Smith, C. F. Flint, R. R. Garran, N. M. Bligh, 
and EK. C. Padgham. 

Certificates were read for the first time in favour of : 

Robert Leslie Andrew, Dominion Laboratory, Wellington, New Zealand. 
Louis Baissac, Curepipe Road, Mauritius. 
William Francis Barker, Ph.D., Rhodes University College, Grahamstown, 


S. Africa. 
Ralph Basden, The Technical College, Newcastle, N.S.W. 
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Frank Bell, 11, Edwy Parade, Gloucester. 

Arthur Neville Copnall Bennett, B.Sc., 27, Dale Road, Luton. 

John Cecil Bird, B.Sc., A.I.C., 72, Dyne Road, Kilburn, N.W. 6. 

Lionel Christopher William Birkett, B.Sc., Moor House, North Road, Spenny- 
moor. 

James Boyd, F.1.C., P.O. Box 1162, Johannesburg. 

Frank Symonds Bradhurst, c/o Messrs. Holbrooks, Ltd., Danks Street, 
Waterloo, Sydney. 

John Hildred George Carlile, B.Sc., A.R.C.8., 29, Orlando Road, Clapham, 
S.W. 4. 

Leslie James Chalk, B.Sc., 14, Shrubbery Road, Southall. 

Rama Charan, B.Sc., B.Sc.Tech., 12, Bank Road, Allahabad. 

Edward Mortimer Crowther, D.Sc., F.I.C., Rothamsted Experimental Station, 
Harpenden, Herts. 

Frank Edwin Dickinson, Research Establishment, Sutton Oak, St. Helens. 

William Donovan, M.Se., Dominion Laboratory, Wellington, New Zealand. 

John Stanley Dunn, M.A., Ph.D., A.I.C., 39, Victoria Park, Cambridge. 

Edwin Francis Edwards, c/o Messrs. Holbrooks, Ltd., Waterloo, Sydney. 

John Moelwyn Edwards, 92, Jamaica Road, Rotherhithe, S.E. 16. 

James Walter Shanks Gemmell, B.Sc., Helen’s Villa, Fleming Place, St. 
Andrews. 

Francis Reginald Glover, 98/100, St. Peters Street, Nottingham. 

Felix John Theodore Grigg, M.Sc., A.I.C., Government Buildings, Christ- 
church, New Zealand. 

John Hall, M.Sc., A.I.C., 202, Burton Road, Derby. 

Herbert Sim Hirst, B.Sc., Trinity College, Cambridge. 

Toru Iwadare, c/o Banyu Pharmaceutical Co., Ltd., 174, Shimomeguro, 

Tokyo, Japan. 

David Christopher Mendis Jayewardene, Born Bank, Moratuwa, Ceylon. 

Charles Benjamin Johnson, 134, Preston New Road, Blackburn. 

Walter Idris Jones, Ph.D., B.Se., 7, Manor Street, Cambridge. 

Charles King, 141, Bath Street, Glasgow. 

Frederick Karl Victor Koch, B.Sc., A.R.C.S., 9, Crossfield Road, Hampstead, 
N.W. 3. 

Charles Dudley Langford, B.Se., A.R.C.S., 43, Ashbourne Avenue, Temple 
Fortune, N.W. 11. 


Henry Guinness de Laszlo, B.A., Ph.D., 3, Fitzjohn’s Avenue, Hampstead, 


N.W. 3. 

Sam Lenher, B.A., 15, Gordon Street, W.C. 1. 

William Macartney, c/o Messrs. Grattan & Co., Ltd., Belfast. 

William Francis Martin, F.I.C., 27, Shandon Crescent, Edinburgh. 

Arthur Moore, Highfield, Oakworth, Keighley. 

John Blackburn Murgatroyd, 90, St. George’s Square, S.W. 1. 

Chitsukhlal Hiralal Nanavati, 80, Esplanade Road, Fort, Bombay. 

Anna Maria O’Mara, 83, Elsham Road, Holland Park, W. 14. 

Norman Frederick Parker, B.A., A.I.C., 45, Sellons Avenue, Harlesden, 
N.W. 10. , 

Marjorie Ellen Pring, B.Sc., 66, St. Augustine’s Avenue, 8S. Croydon. 

Herbert Charles Roberts, 15, Estcourt Terrace, Headingley, Leeds. 

George Baty Scott, 37, Woodbridge Road, Knowle, Bristol. 

Rupert Boswood Scammell, B.Se., c/o Messrs. F. H. Faulding & Co., Ltd., 
Castlereagh Street, Redfern, Sydney. 

Upo Shin, Agricultural Farm, Mandalay. 
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Dalip Singh, Ph.D., near Tehsil P.O., Lahore. 

William Veale Thorpe, B.A., 270, Balham High Road, S.W. 12. 
William Milburn Towler, B.Sc., 28, Denton Avenue, Roundhay, Leeds. 
David Traill, B.Sc., 58, Chalmers Street, Dunfermline. 

Donald Morrison Turner, 40-42, Lexington Street, W. 1. 

Geoffrey Turner, B.Sc., 85, Winchester Avenue, Leicester. 

Frederick Henry Webb, St. Malo, Jameson Road, Harpenden, Herts. 
Hugh Amphlett Williams, 249, Kennington Road, 8.E. 11. 

Robert Harding Williams, 131, Anlaby Road, Hull. 

John James Benjamin Wolfe, 24, Greyhound Road, Hammersmith, W. 6. 
John Frederick Zimmermann, 17, Stile Hall Gardens, Chiswick, W. 4. 


The following papers were read : 

“The effect of ultra-violet light on dried hydrogen and oxygen.” 
By H. B. Baxer and M. CaRLTon. 

“A new per-oxide of barium.” By M. Cariron, 

“The production of oxide-films on copper at ordinary temper- 
atures.” By U. R. Evans. 

“The structural isomerism of the oximes. Part III. The benzil- 
monoximes.” By A. H. Atack and F. W. ATAck. 


List of papers, or abstracts thereof, received between June 18th 
and October 15th, 1925. (This list does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 


“The action of sulphuretted hydrogen on a neutral solution of potassium 
permanganate.” By H. B. Dunnictirr and 8. DAYAL. 

‘Note on the preparation of thiocarbanilide.” By S. J. C. SNEDKER. 

“Studies with the microbalance. Part II. The photochemical decom- 
position of silver chloride.” By E. J. HARTUNG. 

‘Preparation, hydrolysis and reduction of the isomeric fluorobenzyl bromides.’ 
By J. B. SHousmirn and R. H. SLaTEr. 

““'The action of silica on electrolytes. Part II.” By A. F. Joseps and H. B. 
OAKLEY. 

“The formation and growth of silver nuclei in the decomposition of silver 
oxalate.” By J. Y. Macponaxp and C. N. HINSHELWOOD. 

‘‘ Researches in the menthone series. Part I.’ By J. Reap and A. M. R. 
Cook. 

‘Studies in adsorption by the application of optical methods. Fixation by 
dispersoids of methylene-blue within the disperse phase.” By A. Fopor 
and R. RIw in. 

“The physical chemistry of the metal-ammonium complexes. Part I. 
The blue of the copper-ammonium complexes.” By S. S. BHATNAGAR, 
M. Prasap and D. Natu. 

“The correlation of absorption spectra with ionisation in violuric acid.” 
By R. A. Morton and A. H. Trerrne. 

‘‘ Absorption spectra and lactam-lactim tautomerism.” By R. A. Morton 
and E. RoGErs. | 

‘The heat of combustion of salicylic acid.” By E. BERNER. 
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“An electrometric and phase rule study of some basic salts of copper.”? By 
H. T. 8. Britton. 

“The distribution of pyridine between water and benzene.” By R. M. 
WoopMan and A. 8S. CorBEr. 

‘* The velocity of decomposition of oxalic acid in solution.”” By D. L. Watson. 

‘‘' The absorption of gases in colloidal solutions.” By A. GarrTERER. 

‘‘ A circulation apparatus for gases.”” By N. G. Cuarrersi and G. I. Fincu. 

‘* 2: 4-Dinitrophenylhydrazine as a reagent for aldehydes and ketones.” 
By O. L. Brapy and G. V. Esme. 


“The methylation of the oximes of benzil.”” By O. L. Brapy and H. M. 


PERRY. 


‘“‘ The alkaline oxidation of some carbohydrates by means of dyestuffs, con- — 


sidered quantitatively.”” By E. Knecut and E. HisBerr. 

‘‘ Unstable states of solutions of sodium behenate.’”’ By M. E. Larne and 
collaborators. 

‘* Note on the preparation of p-nitrophenylhydrazine.” By H. H. Hopeson 
and H. G. Bearp. 

“The preparation of 2-nitro-1-halogen naphthalenes and of f-nitronaphthal- 
ene.’ By H. H. Hopacson and E. Kiuner. 

“The swelling and dispersion of some colloidal substances in ether—alcohol 
mixtures.’’ By E. W. J. MARDLEs. 

*“ The relationship of salts in dilute aqueous solution as determined by their 
influence on the critical solution temperature of the system phenol— 
water.” By J. H. Carrineton, L. R. Hickson, and W. H. Parrerson. 

‘The colorimetric dissociation constants of dinitrocatechol and dinitro- 
resorcinol.”” By F.C. Laxton, E. B. R. Pripzaux, and W. H. Raprorp. 

‘“'The cyanine dyes. Part IX. The mechanism of the condensations of 
quinaldine alkiodides in presence of bases.”” By W. H. Mitts and R. 
RAPER. 

‘** Dibenzylquinaldine.” By W. H. Mirus and A. T. AKxzErs. 

“The action of nitrous acid upon amides and other ‘ amino’ compounds.” 
By R. H. A. PLIMMER. 

‘* Olefinic terpene ketones from the volatile oil of flowering Tagetes glanduli- 
fera. PartI.” By T. G. H. Jonzs and F. B. Smrrx. 

‘“* On the interaction between copper and sulphuric acid.”” By C. W. Rogers. 

*“'Trypanocidal action and chemical constitution. Part II. Arylamides of 
4-aminophenyl-arsinic acid.”” By H. Kine and W. O. Murcu. 

‘The butyl esters of the simpler amino-acids. Part I.” By W. T. J. 
MorGAN. 

‘* The influence of salts in ethyl alcohol solution on the mutual miscibility 
temperature of the system ethyl alcohol—paraffin.” By E. J. Howarp 
and W. H. PaTrEeRson. . 

‘* Condensations of the sodium derivatives of trimethylene glycol and glycerol.” 
By A. FAIRBOURNE and G. E. Foster. 

*‘ An investigation of the effect of differential aération on corrosion by means 
of electrode potential measurements.’ By A. L. McAunay and F. P. 
BOWDEN. 

** The recognition of allotropy in metals.”” By D. SrockDALE. 

** Solubility influences. Part I. The effect of some salts, sugars, and tem- 
perature on the solubility of ethyl acetate in water.”’ By S. GLuassTonE 
and A. Pounp. 

‘‘ Experiments on the synthesis of apofenchocamphoric acid. Preparation 
of aa-dimethyl-f’-carboxyadipic acid.” By K. C. Rossrrts. 


ty 
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‘‘ Blectrometric study of the reactions between alkalis and silver nitrate 
solutions.” By H. T. 8. Brirron. . 
‘“‘Blectrometric separation of the iodide, bromide and chloride of silver.” 

By H. T. 8. Brirron. 

‘“ Reduction products of the hydroxyanthraquinones. Part VII.” By W.B. 
Minter and A. G. PERKIN. 

‘¢ Chloro-derivatives of m-hydroxybenzaldehyde.” By H. H. Hopcson and 
H. G. BEARD. 

“The nitration of m-bromophenol.” By H. H. Hopeson and F. H. 
Moore. 

‘The reduction of arsenic compounds by sodium hyposulphite. The produc- 
tion of subsulphides of arsenic.” By W. Farmer and J. B. FirtH. 
‘“The electrical conductivities of hydrochloric acid and potassium chloride 
in water and acetone-water mixtures.” By T. K. Brownson and F. M. 

CRAY. 

‘“ Metallocyclic compounds. Part I. Compounds of tellurium,.”” By H. D. K. 
DREW. 

“The action of hydrogen fluoride on compounds of selenium and tellurium. 
Part I. Selenium dioxide.’ By E. B. R. Pripreaux and J. O’N. 
MILLOTT. 

‘The resolution of an asymmetric arsenic compound into its optically active 
forms.” By W. H. Mitts and R. RaPEr. 

“The electrical conductivity of phosphorus pentachloride.” By G. W. F. 
Hotroyp, H. Cuapwick, and J. MITCHELL. 

‘“‘ Hydrogen electrode studies of the precipitation of basic chromates, borates 
and carbonates.” By H. T. 8. Brirron. 

‘The relation between chemical constitution and pungency in acid amides.” 
By E. C. 8. Jonss and F. L. Pyman. 

‘The rate of reaction of bromine with aqueous formic acid.” By D. L. 
Hamuick, W. K. Hurcuison and F. R. SNELL. 

‘The quaternary salts of benzoxazoles.” By L. M. Cuark. 

‘* »’-Dichloropropyl sulphide.” By G. M. BENNETT and A. L. Hock. 

‘‘ Synthesis in the thianthren series. Part Il.” By M. Sen and J. N. Ray. 

‘‘ Some lactonic esters derived from phenacyl bromide by condensation with 
ethyl sodiomalonate and analogous substances.’ By R. M. Ray and 


J. N. Ray. 
‘‘“The velocity of decomposition of heterocyclic diazonium salts. Part I. 
Diazonium salts of the pyrazole and pyrazolone series.” By J. REILLY 


and D. MADDEN. 

‘ Orientating effects in the diphenyl series.” By H. G. DENNETT and E. E. 
TURNER. 

“The relative directive influence of polar and steric effects on ring closure.” 
By R. W. J. Smirs and E. E. TURNER. 

“The configuration of the ammonium ion.” By W. H. Mitts and E. H. 
WARREN. 

‘* Symmetrical substitution derivatives of trimethylene bromide and penta- 
methylene bromide.” By W. H. Mixzs and L. BAIns. 

‘Further studies on a new chlorinating agent preparation of polychloro- 
derivatives of toluene.’ By O. SILBERRAD. 

‘The equilibrium in the systems aluminium sulphate—copper sulphate—water 
and aluminium sulphate-ferrous sulphate-water at 25°.” By V. J. 
OccLESHAW. 

‘‘ Reactions of the meso-hydroxyanthrones.” By M. A. MaTrHEws. 
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“The influence of different nuclei on the absorption spectra of substances.” 
By J. E. Purvis. 

“The occurrence of sylvestrene.”” By B. 8. Rao and J. L. SrmonseEn. 

“The partial formaldehyde vapour pressures of aqueous solutions of form- 
aldehyde. Part II.” By W. Lepsury ard E. W. Briar. 

“ Trypanocidal action and chemical constitution. Part III. Arsinic acids 
containing the glyoxaline nucleus.” By I. E. BaLuaBan and H. Kine. 

“The preparation of tertiary arsines by the Friedel-Crafts reaction.” By 
A. F. Hunt and E. E. Turner. 

** Equilibrium in the system : CH,COOCH,+H,O == CH,0OH+CH,COOH.”’ 
By G. J. Burrows. 

‘“‘ The parachor and chemical constitution. Part III. Orientation isomerism 
in aromatic compounds.” By 8. SucpEN and H. WiiKIns. 

“The aluminioxalates of some optically active bases.”’ By T. B. Cuinp, E. 
Roserts, and E. E. TurRNER. ‘ 

“On the equilibrium between methylformate, methanol and hydrogen, and 
some related equilibria.” By J. A. CHRISTIANSEN. 

‘“* Hydrogen electrode studies of the reactions between solutions of salts of 
weak metallic bases and the acetate, oxalate and tartrate of sodium, 
with a note on the effect of dextrose on zirconium chloride solution.” 
By H. T. 8S. Britton. 

“The conversion of r-phenyl-a-naphthyl-glycollic acid into ketones.” By 
A. McKenziz and H. J. TATTERSALL. . 

‘“ Studies of equilibrium in systems of the type Al,(SO,),-M’SO,-H,O. Part 
II. Aluminium sulphate-nickel sulphate—water at 30°.” By R. M. 
CAVEN and T. C. MrtrcHEtt. 

‘“‘ The system silver sulphate—aluminium sulphate—water at 30°.” By R. M. 
CavEN and T. C, MrircHELL. 

“Change of crystal habit of some salts when crystallised from silicic acid 
gel.” By H. A. Fetus and J. B. Firtru. 


“The ionic activity product of water in glycerol-water mixtures.” By J, 
CoLvIN. 

“* 2-m-Xylidino-5-ethoxy-4 : 5-dihydrothiazole.’ By V. K. Niuxar and 
F. L. Pyman. 


‘“ The change in the absorption spectra of aromatic nitro-compounds in liquid 
ammonia with time.”’ By W. E. Garner and H. F. Giuxse. 

‘“ Nitrosyl sulphuric acid. Part I.” By G. A. Exziorr, L. L. Kuerst, and 
Hl. W. Wess. 

“ The action of acetylenetetrabromide on organic bases.””’ By J. D. Fuuron. 

‘“ Production of ‘cyclotelluripentanedionedichlorides.” By G. T. Moraan 
(with F. J. Corsy, O. C. Eivins, E. Jones, R. E. Ketuert, and C. J. A. 
TAYLOR). 

“Interactions of tellurium tetrachloride and monoketones.”’ By G. T. 
Moraan and O. C. Etvins. 

“A note on the sulphonation of 4-chloro-phenol.” By J. M. GauntTLEetT 
and 8S. SMILEs. 

“Some analogues of adrenalone. Part I.” By F. Marrurws. 

‘The relationship between the optical rotatory powers and the relative 
configurations of optically active compounds. Part II. The relative 
configurations of the optically active mandelic acids and f-pheny]l-lactic 
acids.” By G. W. CLoucH. . 

Synthesis of 2:3: 5-trimethyl glucose.” By J. C. Irvine and J. W. H. 
OLDHAM, ' 
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“The oxidation of certain sesquiterpenes with chromyl] chloride and chromic 
acid.” By D. T. Grsson, J. M. RoBERtTson, and J. SworD. 

‘‘'Tesla-luminescence spectra. Part VI. Some amino-derivatives.” By 
W. H. McVicxkeEr, J. K. Marsu, and A. W. STEWART. 

‘Glyceryl glucoside.” By H. 8S. Gincurist and C. B. PURVES. 

‘“A comparison of methods of measuring the polarity of surfaces.” By 
N. K. Apam, R. 8S. Morrext, and R. G. W. Norrisu. 

“* eycloHewanespirocyclohexane.” By W.S. G. P. Norris. 

‘“'The effect of heat on chloral hydrate.” By J. D. Mounrietp and J. K, 
Woop. 

“The solubilities of sodium, potassium and calcium ferrocyanides. Part dW: 
By M. P. ArpLeBey and M. Farrow. 

‘“‘Tsomeric change of aromatic compounds. Part I. The conversion of 
diacylanilides into acylaminoketones.” By A. W. CHAPMAN. 

‘‘ Nitrosyl sulphuric acid.” By F. J. Witson and H. W. WEBB. 

“The constitution of the metallic ozonides.” By E. C. C. Baty and R. W. 
RIvDing. ; 

“The influence of substituents on the stability of Schiff’s bases. Part hip 
Hydrolysis of nitro- and methoxy-benzylidene anilines.” By E. M. 
Lanoman, W. HEAtey, and P. K. DvutTrT. 
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From the Publishers : Messrs. Ernest Benn. 
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From the Publishers : Messrs. Edward Arnold & Co. 
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EastMaAn Kopaxk Company. Aerial haze and its effect on photo- 
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16/6/25.) From the Eastman Kodak Company. 
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HAvUsBRAND, Eugen. Principles and practice of industrial dis- 
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From the Author. 
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vailleurs. Paris 1925. pp. xviii+ 486. ill. 12 fr. net. (Recd. 
7/9/25.) From the Publisher : M. Gaston Doin. 

MepicaL ResEarcH Councinu. Special Report Series, No. 71. 
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‘Special Report Series, No. 77. Studies of rickets in Vienna 


115 


1919-22. (Report to the Accessory Food Factors Committee 
appointed jointly by the Medical Research Council and the Lister 
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form.] 25s.net. (Recd. 7/9/25.) From the Author. 
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edition. J. Allgemeiner Teil. (Chemische Technologie in Einzel- 
darstellungen.) Leipzig 1925. pp. xii+ 246. ill. Gm. 11. 
(Recd. 31/7/25.) From the Publisher : Herr Otto Spamer. 


Il. By Purchase. 


ALLEN, HERBERT STANLEY. Photo-electricity. 2nd_ edition. 
London 1925. pp. xii + 320. ill. 18s. net. (Recd. 9/10/25.) 

ALTERTHUM, Hans. Wolfram: Fortschritte in der Herstellung 
und Anwendung in den letzten Jahren. Braunschweig 1925. pp. 
vili + 112. M. 4.30. (Recd. 19/6/25.) 

ARMSBY, HENRY PRENTISS, and Movutton, C. Rospertr. The 
animal as a converter of matter and energy: a study of the rdle 
of live stock in food production. New York 1925. pp. 236. ill. 
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Health Reports, 1924, 39.) 


120 


Mines DEPARTMENT. Safety in Mines Research Board. Second 
Annual report, 1923, ete. London 1924 +-. 
Paper No. 7. Explosives in Mines Research Committee. 
Second report 1924, ete. London 1925 -+-. 

Paper No. 8. The ignition of fire-damp. By Huszrr 
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PROCEEDINGS 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, November 5th, 1925, at 
8 p.m., Dr. ArtHuR W. CrossniEy, C.M.G., C.B.E., D.Sc., F.B.S., 
President, in the Chair. 


The PresipEntT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
WORM YOUBPUSMOHANAN: 2. i iseiginensccdes gece June 21st, 1877. Oct. 16th. 
PEBTOIG ED ITIOS COGS Cou, cad ls ko oe ods Bis da tones Feb. 15th, 1917. Oct. 17th. 
EO TRRMMREL AP RSIMNES 2 SU c's Valse dbaict Wy ccacteds oh dod Dec. 4th, 1873. Oct. 22nd. 
Charles Etty Potter ........... Mea ury en Comins i Dec. 5th, 1912. Sept. 13th. 


The PRESIDENT announced that Professors C. 8. Gibson, G. T. 
Morgan, J. F. Thorpe, and W. P. Wynne, have been appointed by 
the Council to represent the Society on the Bureau of Chemical 
Abstracts, and that Professors T. M. Lowry, J. W. McBain, and 
J.C. Phillip will represent the Society on the Editorial Board of the 
Journal of Physical Chemistry, together with Professor F. G 
Donnan, appointed by the Faraday Society. 

Certificates were read for the first time in favour of : 


Harold Frederic Betts, B.Sc., 17, The Broadway, Broadstairs. 

Edward Britnell, B.Sc., 9, Osterley Avenue, Isleworth. 

Reginald John Bromfield, 141, Constantine Road, N.W. 3. 

Francis Hereward Burstall, B.Sc., 12, Adelaide Road, Teddington. 

Archer John William Butterfield, 163, Northumberland Park, N. 17. 

John William Corran, B.Se., Ph.D., A.I.C., Research Laboratory, Carrow 
Works, Norwich. 

John Harold Cottier, 52, Aspen Grove, Lodge Lane, Liverpool. 

John Horsfall Dyde, 18, Dean Road, Scarborough. 

George Malcolm Dyson, B.A., B.Sc., Ph.D., 36, Hillsborough Road, E. Dulwich, 
S.E. 22. 

Alfred Eccles, B.Sc., 18, Cambrian Terrace, Holbeck, Leeds. 

George Albert Elliott, M.Sc., 263, Kennington Road, 8.E. 11. 

Eric Bertram Evans, B.Sc., 2, Boxmoor Terrace, Southchurch, Southend. 

Elinor Katharine Ewbank, B.A., 22, Park Crescent, Oxford. 


122 


Elizabeth Monica Openshaw Farrow, M.A., 37, Chalfont Road, Oxford. 

Oliver Free, B.A., The Lodge, Mansfield College, Oxford. 

William Marshall Freeman, 1, Temple Gardens, Temple, E.C. 4. 

Eva Florence Gee, The Station, L.N.E.R., Howsham, Lincoln. 

George Vincent Hall, B.Sc., 6, Borough Road, Bridlington. 

William Rowan Hare, 220, Eastfield, Peterborough. 

Walter Healey, 28, Gooder Lane, Brighouse. 

Thomas Henderson, M.C., M.A., B.Se., Guildford Grammar School, West 
Australia. 

Syed Husain, M.Sc., 112, Gower Street, W.C. 1. 

Gilbert Jessop, M.Sc., Ph.D., 453, Glossop Road, Sheffield. 

Brian Charles Lavers Kemp, B.A., Wellington College, Berks. 

Banarsi Das Laroia, B.A., B.Sc., 3, Oxford Road, Teddington. 

John Joseph Lennon, M.Sc., 6, Bartlemas Road, Oxford. 

Ivan Roy McHaffie, B.A., M.Sc., 37, King Henry’s Road, N.W. 3. 

Neil McLean, M.A., B.Sc., 127, Blenheim Place, Aberdeen. 

Leslie George Manchester, B.Sc., 557, Green Lanes, Hornsey, N. 8. 

William Alfred Nottage Markwell, 26, Huntsmoor Road, 8S.W. 18. 

Charles Henry Lawrence Miller, 50, Rowden Road, Beckenham. 

Horace Winston Palmer, B.Sc., 15, Hollingdean Terrace, Brighton. 

Austin McDowell Patterson, Antioch College, Yellow Springs, Ohio, U.S.A. 

Ernest Phillis, B.Sc., 22, Fairford Terrace, Dewsbury Road, Leeds. 

Jonathan Pollitt, B.A., 17, Caversham Avenue, Palmers Green, N. 13. 

Charles Raymond Porter, M.Sc., A.I.C., 126, Linden Road, Bournville, 
Birmingham. 

Evan Emrys Price, B.Se., Rock House, Heathfield, Swansea. 

Rose Rachel Sass, B.Se., Newnham College, Cambridge. 

Albert Sciver, B.Sc., A.I.C., 84, Vineyard Hill, Wimbledon Park, 8.W. 19. 

Frederick Francis Percival Smith, B.A., B.Sc., Peterhouse, Cambridge. 

Robert Frederick Smith, 254, Higham Hill Road, Walthamstow, E. 17. 

William Ernest Soper, B.Sc., 50, Aislibie Road, Lee, S.E. 12. 

Herbert Kenneth Southern, B.Sc., Government Laboratory, Strand, W.C. 2. 

Frank Harland Swire, 152, Queen’s Road, Halifax. 

Harold James Tattersall, B.Se., Ph.D., 141, Thorold Road, Ilford. 

Hlvera Annie Tricker, 319, Norwich Road, Ipswich. 

Norman Leopold Tyler, 9, St. Paul’s Gardens, Spennymoor. 

Herbert Ward Vernon, B.Sc. 245, Albert Road, N. 22. 

Ewart Harrod Williams, B.Sc., A.I.C., 31, Thornsbeach Road, Catford, §.E. 6. 

Gwyn Williams, B.Sc., Cae Ffynnon, Llandudno Junction. 

John Laurence Wiltshire, B.Sc., 36, Fordel Road, Catford, S.E. 6. 

Wilfred Fisher Wyatt, M.Sc., North Anston, Nr. Sheffield. 


The following were formally admitted Fellows of the Chemical 
Society : W. J. V. Ward, H. F. Halliwell, R. J. W. Le Févre, I. J. 
Faulkner, J. Thurgood, and T. W. Jones. 


The following papers were read : 


‘‘ Further studies on a new chlorinating agent. Preparation of 
polychloro-derivatives of toluene.”’ By O. SILBERRAD. 

The configuration of the ammonium ion.” By W. H. Mrs and 
K. H. WarReEn. 


123 


The following paper was taken as read : 


‘“ Ring-chain tautomerism. Part XV. The phenol-succineins and 
-glutareins.”’ By 8. Durr. 


Ordinary Scientific Meeting, Thursday, November 19th, 1925 
at 8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., Vice-President 
in the Chair. 


The CHAIRMAN referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
PORTE Rab VCA, L's aF ONG eect et oes acs cone de wenietcgs Feb. 7th, 1901. Nov. 12th. 
Krank George Pope niiicte hiss 2 Feb. 18th, 1909. Oct. 29th. 
Robert Llewellyn Taylor — .........cccseeseveee Jan. 15th, 1874. Nov. 8th. 


The CHAIRMAN announced that : 

1. The Council has decided that the next Annual General Meeting 
and Dinner to take place on Thursday, March 25th, 1926, shall be 
held in Manchester. A local Sub-Committee has been appointed 
to make arrangements and full particulars will be announced later. 

2. An Informal Meeting will be held in the Rooms of the Society 
on Thursday, December 17th, immediately after the conclusion of 
the formal business of the Ordinary Scientific Meeting at 8 p.m. 
Light refreshments will be provided, and smoking will be permitted, 
except on the Library Floor. The Council will welcome assistance 
from Fellows who can add to the interest of the Meeting by showing 
experiments or exhibiting apparatus, and those able to do so are 
requested to communicate with the Assistant Secretary not later 
than Monday, December 7th. 

The following were formally admitted Fellows of the Chemical 
Society : Cyril C. Harris, John S. Carter, and T. H. Clare. 

Certificates were read for the first time in favour of : 


William Blakey, jun., B.A., 14, Marshall Road, Cambridge. 

Herbert Clayton, M.A., B.Sc., The Dyson Perrins Laboratory, South Parks 
Road, Oxford. 

John Charles Forsyth, 62, Worcester Street, Christchurch, New Zealand. 

Ankarath Sankunni Mannadi Nayar, M.B., B.S., Ph.D., The Medical College, 
Madras. 

William Bennett Price, B.Sc., The Laurels, Woolwich Road, Belvedere. 

Madhavlal Sukhlal Shah, M.Sc., 22, Oxford Road, Putney, 8.W. 15. 

George Ernest Thompson, 7, Campbell Road, Bow, Poe os 

Bernard William Town, B.Sc., A.R.C.S., 79, The Grove, Hammersmith, W. 6 

Victor Martin Trikojus, B.Sc., Queen’s College, Oxford. 

Henry Woolf, P.O. Box 14, Broken Hill, Northern Rhodesia. 
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The following Certificate has been authorised by the Council for 
presentation to ballot under Bye-Law I (2) : 


Edgar Calvin Le Roy Miller, M.D., Medical College of Virginia, Richmond 
Va., U.S.A. 


The following papers were read : 

‘The constitution of the metallic ozonides.”” By E. C. C. Baty 
and R. W. Riprna. 

‘Studies of dynamic isomerism. Part XX. Amphoteric solvents 
as catalysts for the mutarotation of the sugars.” By T. M. 
Lowry and I. J. FaunKner. 

“ Studies of valency. Part V. Absorption spectra of halogen and 
sulphonic derivatives of camphor. Origin of the ketonic 
absorption band.’’ By T. M. Lowry and G. Owen. 

‘Studies of valency. Part VI. General and selective absorption 
of halogen derivatives of methane. The origin of general 
absorption.” By T. M. Lowry and R. R. Sass. 


The following paper was taken as read : 


‘ Studies of valency. Part VII. Surface polarity and the reaction 
of ethylene and chlorine. The effect of the adsorbed water 
layer.” By R. G. W. NorRIsH and G. G. Jonus. 


List of papers, or abstracts thereof, received between October 16th 
and November 19th, 1925. (This list does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 


 Polymerisation of 6-glucosan. The constitution of synthetic 
dextrins.” By J.C. Irvine and J. W. H. Onpuam. 

‘ The action of mercurous nitrate on chloroauric acid.” By W. B. 
POLLARD. 

“ The freezing of inorganic hydrogels.” By J. R. I. Heppurn. 

‘The bromination of some 5-substituted 1-phenylbenzthiazoles.”’ 
By R. F. Hunter. 

~ Studies on the dependence of optical rotatory power on chemical 
constitution. Part VI. Rotatory powers of phenyl, o-, m-, 
p-tolyl and £-naphthyl derivatives of d-camphorimide and 
d-camphoramic acid.’”’” By B. K. Styqu and A. N. Purt. 

“ Transformations of the sugar nitrates.” By J. W. H. OupHam. 

“Studies in colour and constitution. Part I. The positional — 
bathochromic influence of the methylthiol group, alone, and in _ 
conjunction with the methoxy-group.” By H. H. Hopason 
and F. W. Hanpiny. 


\ 
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‘“The photochemical oxidation of hydriodic acid in ultra-violet 
light. Part I.” By T. Moors. 

‘“Ring-chain tautomerism. Part XVII. Instances showing how 
glutaric derivatives can simulate succinic compounds.” By 
S. Durr. 

‘“ A theory of colour on the basis of molecular strain. The effect of 
chromophoric superposition.” By 8. Durr. 

“The influence of the intensity of illumination on the velocity of 
photochemical changes.’ By F. Brimrs, D. L. Coapman, and 
K. WALTERS. 

“The salting-out effect. The influence of electrolytes on the 
solubility of iodine in water.” J.S. CARTER. 

“Germanium. Part II. Germanium tetrachloride and _ its 
ammonia compounds.” By W. PuecH and J. 8. THomas. 

“The action of alcoholic soda and potash upon chloronitrobenzene.”’ 
By D. H. RicHarpson. 

‘The partial pressures of aqueous ethyl alcohol.” By H. J. E. 
Dosson. 

‘“ A comparison of some of the physical properties of the alkali cya- 
nates and azides.” ByJ.A.Cranston and A. Y. LIVINGSTONE. 

“‘ Reactions for nitrites.” By B.C. McKwen. 

‘‘ Lead dihydride and lead tetrahydride.” By E. J. WEEKS. 

‘Some reactions of organic thiosulphates.”’ By H. B. FoorNEer 
and §. SMILES. 

“ Air oxidation of titanous and vanadous sulphates.” By A. S$. 
RUSSELL. 

“Complex formation in lead nitrate solutions. Part Hl. The 
quaternary system potassium nitrate-lead nitrate—barium 
nitrate-water.”’ By S. Guasstone and E. J. Riaas. 

‘‘ Polymerisation of acetone by calcium carbide.” By T. Hopxis. 

‘ Action of zinc alkyl halides on nitric esters.” By T. Hopkins. 

‘“‘ Observations on the Claisen reaction.” By G. T. Morcan and 
EK. HoLMss. 

“The specific heats of hydrocyanic acid. A reply.’ By E. H. 
INGOLD. 

“ The relation of homogeneous to catalysed reactions. The catalytic 
decomposition of hydrogen iodide on the surface of platinum.” 
By C. N. HinsHetwoop and R. E. Burk. 

“The action of hydrogen fluoride on compounds of selenium and 
tellurium. Part II. Tellurium dioxide.’ By E. B. R. 
Pripeavx and J. O’N. Mizorr. 

* Halogenation of 2: 6- a fi bseHibenaptabOTS and of 2: 4-di- 
phenyl-3 : 5-diphenyliminotetrahydro-1 : 2: 4-thiodiazole.” By 
BE HUNTER. 
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“The. reaction between hydroxylamine and ferric chloride.” By 
A. D. MrrcHett. 

“The equilibria underlying the soap-boiling processes. The 
system potassium oleate—potassium chloride—water.’”? ByJ.W. 
McBain and W. J. ELrorp. | 

“The solubility of sodium iodide in ethyl alcohol.” By F. E. 
Kine and J. R. PARTINGTON. 

‘* Todination in the carbazole series.’ By S. H. Tucker. 

“The chemistry of the caryophyllene series. Part 1.” G. G. 
HENDERSON, J. M. RoBERTSON, and (in part) C. A. KEerRr. 
“On the Budde effect in bromine. Part I. The photoactive 

constituent in wet bromine.” By B. Lewis and H. K. RipEAt. 

“On the Budde effect in bromine. Part II. The kinetics of the 
reaction and the light absorption of wet and dry bromine.” 
By B. Lewis and E. K. RipEat. 

“The constitution of the benzene nucleus.”’ By B. C. McHEwen. 

‘“* Keto-enol isomerism of ethylenebisacetylacetone.’ By G. T. 
Morean and C. J. A. TAYLor. 

“A buffer mixture for the alkaline range of hydrogen-ion con- 
centration determinations.””’ By W. R. G. Atkins and C. F. A. 
PANTIN. 

“The influence of carbon rings on the velocity of reactions involving 
their side-chains. Part I. The hydrolysis of cyclic and open- 
chain malonic esters.”’ By R. GANE and C. K. INGoLp. 

“The condensations of 3-bromo-, and 3-nitro-p-dimethylamino- 
benzaldehydes with ethyl acetoacetate and ammonia.” By 
L. E. HInKket and W. R. MADEL. 

‘“‘ The replacement of calcium carbonate by iron pyrites in nature.”’ 
By C. O. Harvey. 

‘* A revision of the structural formula of glucose.”” By W. CHARL- 
ton, W. N. Haworta, and 8S. PRAT. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, DECEMBER 3rp, 
1925. 


ANDREW, Rosert Lestiz, Dominion Laboratory, Wellington, New Zea- 
land. British (by birth). Analyst. Nineteen years’ experience in Dominion 
Laboratory, N.Z., now senior assistant in charge of Food and Drugs work. 
Published work: ‘‘ The Colorimetric Estimation of Lead in Cream of Tartar,”’ 
Analyst, 1924, p. 129. ‘‘ The Cryoscopic Method for the Detection of Added 
Water in Milk”’ (appendix to 50th Annual Report, Dominion Laboratory). 
(Signed by) J. 8. Maclaurin, P. W. Robertson, K. M. Griffin. 

Baissac, Louis, Curepipe Road, Mauritius (Indian Ocean). British. 
Sugar Technologist, Department of Agriculture, Réduit, Mauritius. Lecturer 
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in Sugar Technology, College of Agriculture, Réduit, Mauritius. (Signed by) 
James P. Ogilvie, H. Tempany, W. H. Edwards. 

BarkER, WILLIAM Francis, Rhodes University College, Grahamstown, 
S. Africa. Professor of Chemistry. Ph.D. (Liverpool). (Signed by) I. M. 
Heilbron, E. C. C. Baly, R. A. Morton. 

BaspEN, Ratpuw, 11, Ada St., Hamilton, Newcastle, N.S.W. Teacher of 
Chemistry. I have been engaged for four years as Teacher of Science at 
Sydney Grammar School; two years Teacher of Organic and Physical 
Chemistry at Newcastle Technical College, and four years in Manufacturing 
and Analytical Chemistry. (Signed by) A. R. Penfold, Robt. Grant, Fred J. 
Berry, Richard W. Challinor. 

BELL, FRANK, 11, Edwy Parade, Gloucester. British. Student. Research 
student at Battersea Polytechnic. (Signed by) J. Kenyon, F. C. Ray, Henry 
Phillips, A. Houssa, Harold Hunter, P. W. B. Harrison, 8. Greenberg. 

BENNETT, ARTHUR NEVILLE CopnatL, 27, Dale Rd., Luton. British. 
Research Chemist to B. Laporte, Ltd., Luton. B.Sc. (Hons.) London. Have 
done research under Prof. Donnan at University College, and hope to publish 
shortly. (Signed by) W. E. Garner, D. McKie, Thomas Iredale. 

Betts, Haro~p FREDERICK, 17, The Broadway, Broadstairs, Kent. 
British. Research Student, East London College (Univ. of London). B.Sc. 
(Lond.), 2nd Class Hons. Chemistry. (Signed by) J. R. Partington, D. C. 
Jones, E. E. Turner. 

Brirp, JoHN Crcrt, 72, Dyne Rd., Kilburn, London, N.W.6. British. 
Research and Works Chemist. B.Sc. (London), A.I.C., Associate of Univ. 
College of Nottingham. Science Master, Grammar School, Daventry. 
_ Chemist to Messrs. L. B. Holliday & Co., Ltd., Huddersfield. Chief Chemist 
and Works Manager to J. W. Drysdale & Co., London. Chemist to Messrs. 
Intermediates and Explosives, Ltd. (Bolekow, Vaughan & Co.), Co. Durham. 
Chemist to Messrs. Crookes Laboratories (British Colloids, Ltd., London). 
Investigation with Prof. H. H. Hodgson, M.A., into Absorption Spectra of 
Standard Dyestuffs (Huddersfield). (Signed by) Herbert Henry Hodgson, 
F. S. Kipping, E. R. Trotman. 

Birkett, LIONEL CHRISTOPHER WILLIAM, Moor House, North Rd., Spenny- 
moor, Co. Durham. British. Analytical Chemist on Coke Oven and Bye- 
products Plant. 5} years’ experience in Ironworks and Coke Oven laboratories. 
B.Sc. (38rd Class Hons.) after 3 years’ study at Armstrong College, Newcastle- 
on-Tyne. (Signed by) W. N. Haworth, G. C. Leitch, H. V. A. Briscoe. 

Boyrp, James, P.O. Box 1162, Johannesburg, S. Africa. British. Chief 
Examiner of Mine Air, Chamber of Mines, Johannesburg (and Assistant to 
General Manager, Chamber of Mines). F.I.C., A.R.T.C. (Glasgow). Assistant 
to Professor of Chemistry, Royal Technical College, Glasgow, 1908-11. 
Chemist, Goldfields Lab., Transvaal, 1912-13. Chief Examiner of Mine Air, 
Chamber of Mines, Johannesburg, 1914 to date. Author of various reports 
on Dust in Mine Air and Methods of investigating same (published in ‘“‘ Chamber 
of Mines Annual Reports,” and for circulation to the mines of the Rand). 
Student, Royal Technical College, Glasgow, 1904-08. (Signed by) G. -G. 
Henderson, Thomas Gray, F. J. Wilson. 

BRADHURST, FRANK Symonps, Bondi, Sydney, and.c/o Holbrooks Ltd., Danks 
St., Waterloo, Sydney. Chief Chemist and Factory Manager. Matriculated 
from Sydney High School at Leaving Certificate Examination; obtained 
Scholarship available at the Sydney Technical College. Here I obtained the 
Honours Diploma with College Medal for year in Organic Chemistry, thereby 
becoming an Associate of the Sydney Technical College (A.S.T.C. Chem.). 
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Associate of the Australian Chemical Institute (A.A.C.1.). Chemist at Sted- 
man-Hendersons, Ltd., Sweet Manufacturers, for 2} years, then at Holbrooks 
(Australasia), Ltd., of Sydney, for 3 years, where I now hold the above 
position. I desire admission to the Chemical Society in order to keep in 
touch with modern research in the field of Food Analysis, and Food Manu- 
facture. (Signed by) Richard W. Challinor, Fred J. Berry, Robert Grant, 
Arthur R. Penfold, S. E. Sibley. 

BrRITNELL, Epwarp, 9, Osterley Av., Isleworth, Middlesex. English. 
Chemist. B.Sc. (Honours Chemistry), London, July 1925. Assistant for 
3 years to G. N. Huntly, 325, Kennington Rd., S.E. Assistant for 1} years 
to G. T. Holloway & Co., 13, Emmett St., Limehouse. (Signed by) William 
G. Wagner, G. Nevill Huntly, Herbert F. Stephenson. 

BROMFIELD, REGINALD JouN, 141, Constantine Rd., Hampstead, N.W. 3. 


English. Assistant to Biochemist, The Hospital for Sick Children, Great. 


Ormond St., W.C. For three years laboratory assistant at University 
College, London, under Prof. F. G. Donnan and Prof. N. Collie. For one 
year Acting Biochemist to Children’s Hospital, Gt. Ormond St. For past 
two years Biochemical assistant, Hospital for Sick Children, Great Ormond St. 
Desire to become a member in order to receive the Journal and to keep in 
touch with current chemical literature, together with access to Library. 
(Signed by) J. N. Collie, Henry Terrey, Fred J. Kettel, J. Wicliffe Peck. 

BuRSTALL, FRANCIS HEREWARD, 12, Adelaide Road, Teddington, Middlesex. 
British. Research Chemist. D.S.LR. Chemical Research Laboratory, 
Teddington. 1st Class Honours B.8c., Birmingham University. (Signed by) 
G. T. Morgan, E. Holmes, C. E. Wood. 

BUTTERFIELD, ARCHER JOHN Wr11um, 163, Northumberland Park, 
Tottenham, N.17. English. Articled Pupil in Engineering. Is desirous 
of keeping in touch with progress in the Science of Chemistry by attending 
the meetings and receiving the publications of the Society. (Signed by) 
W. J. A. Butterfield, Ernest M. Hawkins, E. R. Bolton. 

Carntine, JoHN HitpReD GEoRGE, 29, Orlando Rd., Clapham, 8.W. 4. 
British. Chemical’ Research Student, Royal College of Science. A.R.C.Sc., 
B.Sc. (Signed by) H. J. T. Ellingham, James C. Philip, H. F. Harwood. 

CuaLtk, Lestre James, 14, Shrubbery Rd., Southall, Middx. Student 
(East London College). B.Sc., Ist Class Hons. in Chemistry. J. R. Parting- 
ton, E. E. Turner, Elwyn Roberts. 

CuaRAN, Rama, Allahabad, India. Indian (British). Glass Technologist, 
Govt. of India State Technical Scholar, B.Sc. from Allahabad University, 
1922. Subjects: Maths., Physics, Chemistry, and English. B.Se. Tech. 
from Sheffield University, 1924. Subjects: Glass Technology, Fuel, Re- 
fractory Materials, Geology and Mineralogy of Glassmaking Materials. For 
one year after graduation did research work on glasses containing more than 
one alkaline oxide and silica-lime. (Signed by) W. E. 8. Turner, C. J. Peddle, 
F. G. Tryhorn. 

Corran, JoHN Wit114M, Research Laboratory, Carrow Works, Norwich. 
British. Physical and Biochemist. B.Sc. (Liv.), 1st Class Hons. Chem., 
1921; Ph.D. (Liv.), 1923; A.I.C. Two years Research Physical Chemistry 
under Prof. W. C. M. Lewis; two years as physical and biochemist to Liver- 
pool Cancer Research Committee. Publications: J. Amer. Chem. Soc., 1922, 
44, 1673; 1923, 45, 1627. Biochem. J., 1924, 18, 1358, 1364. (Signed by) 
W. C. M. Lewis, E. C. C. Baly, E. Morrison, Leslie J. Harris. 

Cottier, Joun Haroxp, 52, Aspen Grove, Lodge Lane, Liverpool. British. 
Certificated School-teacher; formerly a student of Sheffield University. I 
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wish to obtain the Fellowship of the Society in order to receive the Journal 
and Abstracts, and thus keep in touch with advances in Chemistry. (Signed 
by) W. P. Wynne, F. G. Tryhorn, E. G. Turner, D. M. Bennett. 

CrowrHER, EDWARD MORTIMER, Rothamsted Exptl. Station, and Bourtree, 
24, Clarence Road, Harpenden, Herts. British. Assistant Physical Chemist 
and “Empire Cotton Growing Corporation,”’ Soil Physicist, Rothamsted 
Exptl. Station. D.Sc. (Leeds), F.LC., A.Inst.P. Publications on Physical 
Chemistry of Soils. Journ. Agric. Sct., 1925, 15, 201-255, 300-302, 303-306 ; 
Trans. Faraday Soc., 1922, 17, 317-321. Conjointly: Journ. Agric. Scz., 
1924, 14, 221-231; 1925, 15, 68-88; Proc. Royal Soc., 1925, 1064, 33-51, 
215-222, 233-242; Annals of Applied Biology, 1925, 12, 152-190. (Signed by) 
E. J. Russell, H. J. Page, C. T. Gimingham. 

Dickinson, Frank Epwry, Research Establishment, Sutton Oak, St. 
Helens, Lanes. British. A/g Superintendent, The Research Establishment, 
Sutton Oak, St. Helens, Lancs. Actively engaged in Chemical Industry as 
Analytical and Research Chemist and as Assistant Manager and Manager 
of Chemical Works for past fourteen years. Educated at King Edward’s 
School, Stratford-on-Avon, and University of Birmingham. No papers 
published as all work of secret nature or commercial value. (Signed by) J. 
Davidson Pratt, E. Wheeler, Francis H. Carr. 

Dortpntn, Josmsrpa Raymonp, Chemical Department, University Rd., 
Edgbaston, Birmingham. British. Research Student. Pass B.Sc. Bir- 
mingham, Ist Class, 1923; Honours B.Sc. Birmingham, Ist Class, 1924. 
Research Student under Professor Morgan, O.B.E., D.Sc., F.R.S., from 
1924-25 to become Research Chemist at J. A. Crabtree & Co., Ltd., Walsall, 
in Sept. 1925. (Signed by) G. T. Morgan, C. E. Wood, E. Ashley Cooper. 

Donovan, Wii1~1aAM, Dominion Laboratory, 4Wellington, New Zealand. 
British. Analyst, Dominion Laboratory, N.Z. M.Sc. (New Zealand Univer- 
sity). Twenty years’ experience in analytical work ; now Assistant Dominion 
Analyst. Published work includes “ Corrosion of Muntz Metal in Sea Water,” 
JS.C.1., XLII, 13, 727; ‘‘ Estimation of Nitrogen in Coal,’”’? The Analyst, 
Feb. 1924. (Signed by) J. S. Maclaurin, P. W. Robertson, K. M. Griffin. 

Dunn, JoHN STANLEY, 39, Victoria Park, Cambridge. British. Chemist. 
M.A. (Cantab.), Ph.D. (London), A.1.C. Late Research Chemist, Calico 
Printers Assocn., Manchester; now Research Chemist, British Non-Ferrous 
Metals Res. Assocn. With Dr. E. K. Rideal: 7'., 1923, 128, 1242; TP SOs 
125, 676. (Signed by) R. G. W. Norrish, Eric K. Rideal, H. McCombie. 

DypE, JoHn Horsratz, 18, Dean Rd., Scarborough. British. Student 
at the University, Leeds, who intends to pursue post-graduate work in 
Biochemistry. Final year B.Sc. (Honours Chemistry). (Signed by) C. K. 
Ingold, B. Topley, H. M. Dawson. 

Dyson, GrorGE Matcotm, 36, Hillsborough Road, E. Dulwich, London, 
S.E.22. British. Research Chemist. B.A. (Oxon.), B.Sc., Ph.D. (London). 
Research in Organic Chemistry, including work on the Reactions of Thio- 
carbonyl Chloride with Amino-compounds, Phenols, etc. J.C.S., Trans., 
Sept., 1924, 125, 1702; ‘‘ The Reactions of Thiocarbonyl Chloride. Pt. I.” 
(Signed by) D. L. Chapman, H. J. George, L. Rubenstein. 

Ecoites, AtFRED, 18, Cambrian Terrace, Holbeck, Leeds. British. Re- 
search Student (University of Leeds). B.Sc., 1st Class Hons. (Pure Chem- 
istry), 1925. (Signed by) C. K. Ingold, P. K. Dutt, W. A. Wightman, J. W. 
Baker. 

Epwarps, Epwin Francis, Kogarah, Sydney, N.S.W., c/o Holbrooks 
(Australasia), Limited, Waterloo, Sydney. Works Chemist and Assistant 
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Factory Manager. Matriculated from High School at Leaving Certificate 
Examination, and gained Scholarship to Sydney Technical College. Attended 
the above College for five years—thereby completing the Diploma Course— 
and was subsequently granted the Associateship of the College, and the Diploma 
in Organic Chemistry. I am also an Associate of the Australian Chemical 
Institute. I was Assistant Chemist at the Woolwich Chemical Co., Sydney, 
for a period of two years, and Analyst at H.M. Customs, Sydney, for twelve 
months. At present I hold the above-mentioned position on the Staff of 
Holbrooks (Australasia), Limited, of Sydney. I desire admission to the 
Chemical Society in order to keep in touch with modern chemical literature and 
progress. (Signed by) Richard W. wae Fred J. Berry, Robert Grant, 
Arthur R. Penfold, 8. E. Sibley. 

Epwarps, JoHn Mostwyn, 92, Jamaica Rd., Rotherhithe, S.E. 16. 
British. Chemist and Pharmacist and Optician. (1) Early education at the. 
Meirioneth County Grammar School. (2) Three years student of Chemistry 
at the Festiniog Higher Grade School. (3) Studied Analytical Chemistry 
and Physics under Mr. J. Thomas, B.Sc., at Muter’s School of Chemistry. 
(4) Passed the Qualifying Examination of the Pharmaceutical Society of 
Great Britain in 1905. (5) Four years Sight Testing Optician with Mr. Hugh 
Jones, F.S.M.C., D.B.0.A. Am particularly anxious to keep in touch with 
Analytical work. (Signed by) Frank B. Arnold, John J. Laws, Percy Barrs. 

ELLIOTT, GEORGE ALBERT, 263, Kennington Road, London, S.E. 11. 
British. Ramsay Memorial Fellow. M.Sc. (Lond.). (Signed by) L. F. 
Gilbert, S. Barratt, W. E. Garner. 

Evans, Eric Brerrram, 2, Boxmoor Terrace, Southchurch, Southend, 
Essex. English. Student. For two years a student at East London 
College; at present engaged in research there. Awarded 2nd Class in B.Sc. 
Hons. Lond., 1925. (Signed by) J. R. Partington, E. E. Turner, Elwyn 
Roberts. 

EwBAnk, (Miss) ELInor KatHarine, 22, Park Crescent, Oxford. British. 
Engaged in original research. Took Ist Class in Honours, School of Chemistry, 
Oxford, 1903. E.C.C. Baly and E. K. E., 87, 1847; 87, 1855. N. V. Sidg- 
wick and E. K. E., 119, 486; 121, 1844; 125, 2268. (Signed by) W. H. 

Perkin, N. V. Slapwitle D. Ll. Hammick. 

. Farrow, (Miss) Exizapeta Monica OrreNsHAW, 37, Chalfont Rd., Oxford. 
British. Demonstrator in Old Chemistry Dept., Oxford. Lecturer in 
Chemistry to 5 Women’s Societies. M.A. (Oxon.) (Signed by) W. H. Perkin, 
N. V. Sidgwick, B. Lambert, M. P. Applebey, Allan F. Walden, E. G. J. 
Hartley, Frederick Soddy, J. Masson Gulland, 8. G. P. Plant. 

FREE, OLIVER, The Lodge, Mansfield College, Oxford. British. Demon- 
strator of Inorganic Chemistry. B.A., 2nd Class Honours. Research 
Student in Physical Chemistry (Radioactivity). (Signed by) M. P. Applebey, 
Frederick Soddy, B. Lambert, N. V. Sidgwick, A. F. Walden. 

FREEMAN, WILLIAM MARSHALL, 16, Oakwood Avenue, Beckenham, Kent. 
British. Of the Honourable Society of the Middle Temple, Barrister-at- 
Law, Recorder of Stamford, and formerly Member of the Pharmaceutical 
Society of Gt. Britain. Author of ‘“‘ The Patents and Designs Act 1907, 
with Appendix on Chemical Patents.’? Occasional contributor to legal and 
other journals on Food and Drugs legislation, etc. Interested particularly 
in the promotion of the study of chemico-legal science especially with. refer- 
ence to the administration of the criminal law. (Signed by) Ernest C. Benni- 
son, H. Berry, Harry Silvester. 

Grr, Eva Fuiorrence, The Station, L.N.E.R., Howsham, Lincoln. British. 
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Student of Chemistry at Bedford College. (Signed by) J. F. Spencer, H. 
Crompton, J. Stewart. 

GemmetL, JAMES WatrerR SHanxks, Helen’s Villa, Fleming Place, St. 
Andrews. British. Research Chemist. B.Sc. (Hons.) St. Andrews; now 
employed in Research Dept., Jute Industries, Ltd., Dundee, and desirous 
of keeping in touch with recent developments in chemical science. (Signed by) 
A. Killen Macbeth, James Craik, John Pryde. 

Guover, Francis Reerarp, 98/100, St. Peter’s Street, Nottingham. 
British. Managing Director, Cooke & Glover, Engineers, Ltd., Engineers and 
Consulting Chemists, Nottingham, M.I.H.V.E., A.M.LS.E. (Signed by) E. B.R. 
Prideaux, J. B. Firth, B. D. Shaw. 

GovupreLock, WinnramM Boucu O’BRIEN, 28, Fairfield Lane, Barrow-in- 
Furness. British. Chief Analyst, Vickers Ltd., Barrow-in-Furness. Full 
Technological Certificate, City and Guilds Institute, in Chemistry, Metallurgy, 
and Iron and Steel. Pupil in Vickers’ Lab. under H. B. Weeks, F.L.C., for 
5 years. Chief Laboratory Assistant for 8 years. Chief Analyst ever since. 
Lecturer for 2 years to Vickers’ Engineering Apprentices on Chemical and 
Metallurgical Subjects in Connection with Firm’s Scheme for Higher Education 
of Apprentices. Lecturer to Barrow Engineer’s Assoc., Jan. 1920 and Jan. 
1923. I am desirous of keeping in close touch with modern developments 
in Scientific Chemistry. (Signed by) H. B. Weeks, A. H. Mundey, W. J. 
Davison. 

Grice, Fetrx Joun THEODORE, Christchurch (N.Z.). British. Govern- 
ment Analyst, Government Buildings, Christchurch, N.Z. M.Sc. (N.Z.) with 
Honours in Chemistry. A.I.C. (Great Britain). Seven years’ experience in 
analytical work. Now Government Analyst at Christchurch (N.Z.). Pub- 
lished work: ‘‘ Geochemistry of the Thermal Lakes, North Island, N.Z.”’ 
(N.Z. Journal of Science and Technology, 1922, Volume 5, page 156). (Signed 
by) J. S. Maclaurin, P. W. Robertson, K. M. Griffin. 

Hatt, GEORGE VINCENT, 6, Borough Road, Bridlington, Yorks. British. 
Student. Bachelor of Science, University of Leeds, June 1925. (Signed by) 
CG. K. Ingold, H. M. Dawson, W. Lowson, P. K. Dutt. 

Hatz, Jonn, 202, Burton Rd., Derby. British. Chemist. M.Sc. (Leeds), 
A.1.C. Three years in Lab. of Sir W. G. Armstrong-Whitworth & Co.; two 
years in Lab. Dyehouse and Colour Plant of British Celanese. J.C.S., 128, 
2029-2037. (Signed by) A. G. Perkin, G. Reeves, W. P. Skertchly. 

Hare, Wirt1amM Rowan, 220, Eastfield, Peterborough. British. Student 
of Chemistry in the University of Oxford. Desirous of receiving literature 
(Signed by) D. Ll. Hammick, S. G. P. Plant, E. Hope. 

Hratey, WALTER, 28, Gooder Lane, Brighouse. English. Student, 
University of Leeds. Chemical Student who hopes to take up research. 
(Signed by) C. K. Ingold, P. K. Dutt, W. A. Wightman. 

HenpERSON, Tuomas, M.C., M.A., B.Sc., Toronhill Schoolhouse, Dun- 
fermline. Scottish. Demonstrator in Chemistry (Inorganic), University of 
Leeds. M.A., B.Sc., St. Andrews, 1921. Holding a grant from the Dept. 
of Scientific and Industrial Research, carried on research work at St. 
Andrews University, under direction of Sir James C. Irvine, and have held 
the appointment noted above since October 1922. Vol. 121, 1922, Trans., 
p. 892; Vol. 1238, 1923, Trans., p. 1130. (Signed by) R. Whytlaw-Gray, 
Hi. S. Patterson, B. Topley, W. Lowson, J. C. Irvine, Ettie S. Steele. 

Hirst, Herserr Sim, Trinity College, Cambridge. British. Research 
Assistant to Dr. E. K. Rideal, under Department of Scientific and Industrial 
Research Regulations. First class honours graduate in Physics and Chemistry 


132 


of St. Andrews University, with two years’ research experience in Cambridge. 
““The Thermal Decomposition of Nitrogen Pentoxide,” 1925, 127, 657. 
(Signed by) Eric K. Rideal, W. H. Mills, Ulick R. Evans. 

Husain, Syep, 112, Gower St., London, W.C.1. Indian. Student. 
M.Se. (Aligarh Muslim University, India). (Signed by) J. R. Partington, 
HE. E. Turner, Elwyn Roberts. 

IwapDasRE, Toru, c/o Banyu Pharmaceutical Co., Ltd., 174, Shimomeguro, 
Tokyo, Japan. Japanese Proper. Became Chief Chemist and Managing 
Director of Banyu Pharmaceutical Co., Ltd., in September 1915. Have 
two years’ experience as Assistant of the Chemical Dept. of the Tokyo 
Imperial University, and ten years’ experience as Chief Chemist and Managing 
Director of Banyu Pharmaceutical Co., Ltd. Graduate, College of Science 
(Chemistry), Tokyo Imperial University, 1913. (Signed by) Joji Sakurai, 
T. Takamatsu, Y. Asahina. 

JAYEWARDENE, DAvip CHRISTOPHER MENpDIS, Fern Bank, Moratuwa, 
Ceylon. Sinhalese, British. Science Master, Prince of Wales’ College, 
Moratuwa. (1) Science Master, St. John’s College, Panadura, Ceylon (1918 
and 1919). (2) Asst. Chemist, Butter Substitutes Supplies, Ltd., Colombo 
(1920). (3) Science Master, Prince of Wales’ College, Moratuwa (since 1921). 
(Signed by) W. N. Rae, J. P. C. Chandrasena, K. V. Rau. 

JESSOP, GILBERT, 453, Glossop Rd., Sheffield. British. Research Chemist. 
M.Sec., Ph.D. (Sheffield). Three years’ Research in Physical Chemistry. 
Papers in the Proc. Roy. Soc., 1925, 988, 206 (with Mr. N. K. Adam), and 
in the J.C.S. (with Mr. F. G. Tryhorn), 1925, 127, 1320; (with Mr. N. K. 
Adam), 1925, 127, 1863. (Signed by) W. P. Wynne, F. G. Tryhorn, N. K. 
Adam. 

JOHNSON, CHARLES BENJAMIN, 134, Preston New Road, Blackburn. 
British. Minister of Religion (Fellow of Royal Astronomical Society). I 
desire to keep abreast, by means of the Society’s Publications, of advance in 
General and Physical Chemistry. (Signed by) G. W. F. Holroyd, J. Hindle, 
Robert H. Pickard. 

JONES, WALTER IpRIS, 7, Manor Street, Cambridge. Welsh. Research 
Student. Gonville and Caius College, Cambridge. Ph.D. (Cantab.), B.Sc. 
(Wales), etc. Trans. Chem. Soc., 1923, 128, 2688; 1924, 125, 2590. (Signed 
by) Hamilton McCombie, John Dexter, Harold A. Scarborough. 

KEENAN, Henry Witrrip, 80, Upper Richmond Road, East Sheen, S.W. 14. 
British. Works Chemist. Practical experience in various branches of 
Analytical and Manufacturing Chemistry founded on a three years’ Systematic 
Apprenticeship (with evening studies) under Dr. Julius Holzapfel and Dr. 
P. E. Bowles, F.I.C., by whom indentures are signed. Invented processes 
(including design and erection of plant for large scale production) dealing 
with (a) Paint and Varnish Industry, (b) Celluloid Industry, (c) Oils, and 
operated successfully. (Signed by) Charles Dorée, Francis Arnall, J. C. Crocker. — 

Kemp, Brian CHARLES LAVERS, Wellington College, Berks. British. 
Schoolmaster. Chemistry Master (VIth Form) at Wellington College; B.A. 
(Oxon.). 1922-23, research work on derivatives of Dianisoyl Methane. 
(Signed by) G. Watson Gray, D. Ll. Hammick, B. Lambert. 

Kine, Cuarzes, F.S.A. (Scot.), 21, Newton Place, Glasgow. British. 
Electro-therapeutist. Fellow of the Society of Science, Lond. Applicant 
is in practice as Electro-therapeutist, and is desirous of keeping in touch with 
current chemical progress. (Signed by) G. G. Henderson, J. Roberts, Archd. 
N. Currie. 

Kocu, FrepERIcK Karu Victor, 9, Crossfield Road, Hampstead, N.W. 3. 
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English. Research in Physical Chemistry, Imperial College of Science and 
Technology. B.Sc. (Ist Class), A.R.C.S. (2nd Class). (Signed by) James C. 
Philip, H. J. T. Ellingham, H. F. Harwood. 

LANGFORD, CHARLES DuptEy, 43, Ashbourne Av., Temple Fortune, 
London, N.W.11. British. Research Student (Organic Chemistry), Royal 
College of Science. A.R.C.S., B.Sc. Honours (passed 1925, to be awarded 
1926 owing to regulations). (Signed by) G. A. R. Kon, R. W. West, E. H. 
Farmer. 

Larora, Banarst Das, Pindi Street, Ludhiana, Punjab, India. Indian. 
Student. B.Sc. (Hons.) Punjab University (India), B.A. (Hons.) Oxford 
University. At present student of Imperial College of Science and Tech- 
nology (for Ph.D.). (Signed by) E. H. Farmer, G. A. R. Kon, M. A. Whiteley. 

Laszio, Henry GUINNESS DE, 3, Fitzjohn’s Avenue, Hampstead, N.W. 3. 
British. Research’Chemist. B.A. Hons. (Cantab.), Ph.D. (Zurich). (Signed 
by) M. A. Whiteley, G. Ingle Finch, Samuel Smiles. 

LEATHERBARROW, BERTRAM GREY, Hill Crest, Station Rd., Brimington, 
Chesterfield. British. Senior Assistant Teacher, Brimington Central School. 
Intermediate B.Sc. Two years subsequent graduation courses. Head- 
master, Brimington Central Evening School, teaching all the Technical 
Courses. Student, Liverpool University 1919-1923. (Signed by) E. C. C. 
Baly, W. C. McC. Lewis, I. M. Heilbron, H. J. Stern. 

LENHER, Sam, 15, Gordon Street, London, W.C. 1. American. Research 
Student at the Ramsay Laboratory, University College, London. Graduate 
of the University of Wisconsin (B.A. Degree), 1924. Internal student for 
the Ph.D. degree, University College, London, one year. McHaffie and Lenher, 
J.C.S., 1925, 127, 1559—1572. (Signed by) F. G. Donnan, W. E. Garner, 
J. A. Currie. 

LENNON, JoHN JosEpPH, 6, Bartlemas Road, Oxford. Irish. Research 
Student. M.Sce., National University of Ireland, 1924, 1851 Scholar. Paper 
in collaboration with Hugh Ryan, D.Sc., Proc. Royal Irish Acad., xxxvii, 
B, p. 27. (Signed by) W. H. Perkin, Francis Lions, R. D. Haworth, John 
Rankin. 

Macartney, Witt1AM, c/o Grattan & Co., Ltd., Belfast. British. Pharma- 
ceutical Chemist. Chief Chemist of Messrs. Grattan & Co., Ltd., Wholesale 
Manufacturing Chemists and Aerated Water Manufacturers. Member of the 
Pharmaceutical Society of Ireland. Vice-President North Irish Pharma- 
ceutical Society, Vice-President Ulster Drug Trade Association. No pub- 
lished papers in the Journal of the Chemical Society. In order to keep in touch 
with current advances in Chemistry. (Signed by) Henry Wren, Chas. J. 
Still, A. W. Stewart, Theo. Harper. 

MoHarrtz, Ivan Roy, 37, King Henry’s Rd., London, N.W. 3. Canadian. 
Research Student, University College, London. B.A., M.Sc. University of 
Manitoba, Canada. ‘‘ The Adsorption of Water from the Gas Phase on 
Plane Surfaces of Glass and Platinum,” J.C.S., 1925, 127, 1559-1572. 
(Signed by) F. G. Donnan, W. E. Garner, S. Barratt. 

McLean, Net, M.A., B.Sc., 127, Blenheim Place, Aberdeen. British. 
Station Director of the British Broadcasting Station at Aberdeen. Applicant 
is a Master of Arts and Bachelor of Science of Glasgow University, and is 
much interested in chemical science and desirous of having the best available 
literature on this subject for the purposes of his work. (Signed by) J. F. 
Tocher, G. G. Henderson, Archd. N. Currie. 

MancueEsteR, Les~iz Grorce, 557, Green Lanes, Hornsey, N.8. British. 
Student. Two years a student at East London College; now engaged in 
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research work at same college; awarded 2nd Class in B.Se. Hons. Lond. 
1925. (Signed by) J. R. Partington, E. E. Turner, R. J. W. Le Fevre. 

MARKWELL, WittiAM ALFRED Norrace, 26, Huntsmoor Road, S.W. 18. 
English. Chemist. Desire to receive the Journal and to keep in touch 
with the progress of Chemical Science. (Signed by) E. W. Lucas, S. 
Greenberg, F. C. Ray, J. L. White, Henry Phillips. 

Martin, Witt1am FRANcIs, 27, Shandon Crescent, Edinburgh. British. 
Work’s Chemist, in the employment of Messrs. T. & H. Smith, Ltd., Bland- 
field Chemical Works, Edinburgh. Fellow of Institute of Chemistry (F.1.C.), 
Member of Pharmaceutical Soc. of Gt. Britain (M.P.S.). (Signed by) James 
Walker, Alexander J. Dey, James Watt. 

MiIttER, CHARLES Henry LAWRENCE, 50, Rowden Rd., Beckenham, Kent. 
British. Student (B.Sc. Honours Chemistry) at East London College. At 
present doing research work. Desirous of keeping in touch with modern > 
Chemical Research. (Signed by) J. R. Partington, E. E. Turner, D. C. Jones, 
W. H. Patterson. 

Moore, Artur, Highfield, Oakworth, Keighley, Yorks. British. Student 
(Chemistry). 3rd Year (final) Hons. Chemistry, Royal Coll. of Science, 
London, 8S.W.7. (Signed by) H. L. Riley, H. F. Harwood, H. D. Murray. 

Morrison, ALEXANDER JOHN, Sydney, N.S.W. Assistant Superinten- 
dent of Testing and Inspection, Public Works Dept., Sydney. Training - 
Student for 3 years (night course) in the Chemical and Assay Laboratory of 
the late William Grosse, Mining Engineer and Metallurgist. Sydney Technical 
College: 4 years’ course practical chemistry; 3 years’ course theoretical 
chemistry; 2 years’ course organic chemistry. Engaged on special investig- 
ation in connection with fixed oils and alloys. Original Papers: (With 
F. R. Morrison), ‘‘ Examination of the fixed oil of the Queensland Nut,” 
read before the Sydney Technical College Chemical Society (Vol. 1, pages 
84—88). ‘‘ Testing of Sand for Use in Portland Cement Mixtures,” Paper read 
before the Sydney Technical College Chemical Society 1914 (Vol. 1, pages 
17—26). ‘‘ Permeability of Concrete ”’ (with the late B. J. Smart, B.Se. 
(London), Paper read before the Engineering Association of New South 
Wales (Vol. xxxiii, Part 2, page 1). Have been engaged in the chemical and 
mechanical testing of all classes of structural materials in the Testing Labor- 
atory, Public Works Department, New South Wales, for the past 27 years. 
These materials include Portland cement, steel, alloys, asphaltum, tars, 
paints, oils, etc. Representative of the Australian Chem. Institute on the 
Engineering Standardisation Committee dealing with the drawing up of a 
Standard Specification for Portland Cement for the Commonwealth of 
Australia. (Signed by) A. R. Penfold, R. Grant, Richard W. Challinor, 
Fred J. Berry, George Z. Du Pain. 

Morrison, FrRaNK RicHarp, Brae Street, Waverley, Sydney, N.S.W. 
Australia. Asst. Economic Chemist, Technological Museum, Sydney. 
Diploma in Chemistry of Sydney Technical College, 1921. Associate of 
Australian Chemical Institute since 1920. Member of Royal Society of 
N.S.W. since 1921. Member of Sydney Technical College Chemical 
Society since 1913, and Joint Hon. Secretary since 1921. Positions held : 
One year in laboratory of Sydney Technical College; three years in laboratory 
of Metropolitan Board of Water Supply and Sewerage, Sydney; nine years 
in present position at Technological Museum, Sydney. Original papers : 
‘‘The Occurrence of Rutin in the leaves of the Boronia (N. O. Rutacez) ” 
(read before the Royal Society of N.S.W., 2nd November, 1921); ““ The 
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essential oil of Kunzea corifolia’’? (read before the Royal Society of N.S.W., 
lst November, 1922); ‘‘ A Chemical examination of the seeds of the ‘Bunya 
Bunya’ (Araucaria Bidwilli, Hooker)” (read before the Royal Society of 
N.S.W., 3rd December, 1924). Conjointly with Mr. A. R. Penfold, F.A.CLI., 
F.C.S. “Preliminary note on a new stearoptene (probably a phenol ether) 
occurring in some essential oils of the Myrtacex”’ (read before the Royal 
Society of N.S.W., 5th July, 1922); ‘‘ The essential oil of Eriostemon 
Crowei (Crowea saligna) and the presence of a new phenol ether ” (read 
before the Royal Society of N.S.W., 6th December, 1922); “ Preliminary 
note on the electrolytic reduction of Piperitone”’ (read before the Royal 
Society of N.S.W., 5th September, 1923); ‘‘ Notes on Eucalyptus piperita 
and its essential oils, with special reference to their Piperitone content ”’ 
(read before the Royal Society of N.S.W., 2nd July, 1924). Conjointly 
with Mr. A. Morrison: ‘The chemical examination of the fixed oil of 
the Queensland Nut (Macadamia ternifolia)’’ (read before the Sydney 
Technical College Chemical Society, 24th June, 1923). (Signed by) A. R. 
Penfold, R. Grant, Richard W. Challinor, Fred J. Berry, George Z. Du Pain. 

MuRGATROYD, JOHN BLACKBURN, 90, St. George’s Square, Westminster, 
S.W.1. British. Demonstrator, Imperial College of Science and Tech- 
nology, South Kensington. Taking up Research at the above College. 
(Signed by) H. B. Baker, J. N. Sugden, Leslie 8. Theobald. 

NANAVATI, CHITSUKHLAL Hirata, 80, Esplanade Road, Fort, Bombay. 
Hindoo. L.T.C., Analytical Chemist. Graduate of The Victoria J ubilee 
Technical Institute, Bombay; in Chemistry with special subject of Foods, 
Drugs and General Analysis; in Second Class with the title of Licentiate of 
Technical Chemistry, of the year 1921. Worked as Analytical Chemist 
with Messrs. Hughes & Davies and Messrs. Killick, Nixon & Co.; at present 
practising as Analytical Chemist. (Signed by) 8. J. Shah, Kapilram H. 
Vakil, R. G. Saraiya. 

Nicnotson, Henry, ‘“ Aberlady,’” Osborne Rd., Stockton-on-Tees. 
English. Chemistry Master in Boys Secondary School, Stockton-on-Tees, 
since Nov. 1905. B.Sc. Durham University, 1904. M.Sc. for Research on 
the influence of the acetyl group as a protective agent in the oxidation of 
a-acetylnaphthylamine, 1907. (Signed by) J. G. Taylor, J. A. Smythe, W. M. 
Madgin. 

O’Mrara, ANNA Marta, 83, Elsham Road, Holland Park, Kensington, 
W.14. Irish. Pharmacist. M.P.S. (London). Was for 4 years trained 
under John Armstedt Ray, M.A., Ph.C., Trinity Coll., Dublin, at his Labor- 
atory in 23, Nassau Street, but never took any Analytical Examination. 
Was 3 years Pharmacist at Bolingbroke Hospital, Wandsworth Common, 
S.W.11; was 1 year at Willesden General Hospital as Pharmacist, and 
occasionally have worked at the M.A.B. Homerton and Park Royal, Hither 
Green. At present am pharmacist at the Women’s Hospital, Soho Sq., 
and I take Students for both the qualifying and Apothecaries’ Hall Exam. and 
train them for same. (Signed by) H. Lucas, A. Thomas, 8. Greenberg. 

PaLMER, Horace Winston, 15, Hollingdean Terrace, Brighton. British. 
Research Student, East London College. B.Sc. London, Hons. I, Chemistry. 
(Signed by) J. R. Partington, D. C. Jones, W. H. Patterson. 

Parker, Norman FREDERICK, 45, Sellons Avenue, Harlesden, N.W. 10. 
British (English). Chemical Engineer. B.A. Cambridge; Associate of 
Institute of Chemistry; lst Class, Natural Science Tripos, Part II (Chemistry), 
1923. (Signed by) W. J. Pope, C. T. Heycock, W. H. Mills. 

Parrerson, Austin McDoweE tt, Antioch College, Yellow Springs, Ohio, 
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U.S.A. United States. Professor of Chemistry, Antioch College, U.S.A. 
Formerly Editor of Chemical Abstracts. (Signed by) C. 8. Gibson, T. Slater 
Price, John Greenaway. 

Puinuis, ERNEST, 22, Fairford Terrace, Dewsbury Rd., Leeds. British. 
Research Student, Leeds University. B.Sc., Ist Class Hons. in Pure 
Chemistry, 1925. (Signed by) J. B. Cohen, C. K. Ingold, P. K. Dutt, J. W. 
Baker. 

PoLuitt, JONATHAN, 17, Caversham Avenue, Palmers Green, N. 13. 
English. Chemistry Master, Hornsey County School, 1905- . B.A. 
(N.U.I.) Chemistry, Physics, Maths. Student (Chemistry) Birkbeck College 
since 1908. (Signed by) George Senter, Samuel Sugden, B. R. Heasman, 
F. J. Thorneycroft, A. M. Ward, Wm. W. Myddleton. 

PorTER, CHARLES RAYMOND, 126, Linden Road, Bournville, Birmingham. 
English. Chemistry research assistant. M.Sc., A.I.C. Three years research | 
assistant in Chemistry Department, University of Birmingham; part author 
of Berichte, 1925, 58, 333, and J.C.S., 1924, 125, 731 and 1269. (Signed by) 
J. D. Main Smith, W. J. Hickinbottom, W. N. Haworth. 

Prick, Evan Emrys, Rock House, Heathfield, Swansea, Glam. British. 
Science Teacher, The College, Penarth, S. Wales. Graduate in Chemistry of 
University of Wales. Studied at University College, Swansea, 1920—1924. 
(Signed by) J. E. Coates, Leonard E. Hinkel, E. Stanley Hiscocks. 

Prine, Marsoriz ELLEN, 66, St. Augustine’s Avenue, §. Croydon, Surrey. 
British.. Research Student at Bedford College for Women, Regent’s Park. 
B.Sc., lst Class Hons. in Chemistry, London University. (Signed by) J. F. 
Spencer, H. Crompton, M. 8. Crewdson. 

RAy, JNANENDRA NATH, Calcutta. Indian. Lecturer, Calcutta University, 
M.Sc. (Cal.). Research Student, Manchester Univ. ‘“‘ Synthesis of oxy- 
berberine ”’ (joint author), J., 1925, 127, 740; ‘‘ Synthesis in the Thianthren 
series,” J., 1921, 119, 1959; ‘* Catalytic action of Iodine in sulphonation,”’ 
J., 1920, 117, 1405; joint author, “‘ Modification and extension of Friedel 
& Crafts’ reaction,’ J., 1920, 117, 13835. (Signed by) Robert Robinson, 
Arthur Lapworth, Henry Stephen, Wilson Baker. 

RoBERTS, HERBERT CHARLES, 15, Estcourt Terrace, Headingley, Leeds. 
British. Chemist Director, Taylor’s Drug Co., Ltd., P.O. Box 141, Burley 
Hill, Leeds. 20 years Analytical Chemist to above Co. Since 1908 Chemist 
Director and Superintendent under the Pharmacy Act to above Co. (Signed 
by) John Rennie, F. C. Savage, F. Pilkington Sargeant. 

SANDERSON, PHyLuIs Mary, 7, Cresswell Place, S.W.10. British. Re- 
search (Biochemical). I desire to become a member of this Society for the 
purpose of keeping in touch with current scientific investigations. (Signed by) 
F. G. Donnan, W. E. Garner, Henry Terrey. 

Sass, Rose RacHret, Newnham College, Cambridge. British. Research 
Student. B.Sc. Hons. of the University of the Witwatersrand, Johannes- — 
burg, S. Africa. Demonstrator for 3 years. Now a research student in the 
Laboratory of Physical Chemistry, Cambridge University. (Signed by) 
T. M. Lowry, Eric K. Rideal, I. J. Faulkner. 

Saxon, RoBeRt, Westfield Terrace, Baildon, Yorks. British. School- 
master. Teacher of Chemistry at the Belle Vue Secondary School for 17 years. 
Teacher of Steam and Heat Engines, which included the Thermal Chemistry 
of Carbon and Hydrogen combustion and tests for SH,, NH, etc., in Coal 
and Producer Gas for 15 years in the Belle Vue Technical School (evening). 
Eleven years Head Master present School, The Forster School for Boys, 
Bradford, under the Bradford’ Authority; entrance to school only by 
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Scholarship Examination. Bachelor of Science, Victoria Univ., Manchester, 
1896. Studies under Prof. Tilden, Royal Coll. of Science, London, 1900, and 
Prof. Watts, Geology, 1901 (Vacation Course). (Signed by) Barker North, 
Robt. D. Abell, T. W. Price. 

Scrver, ALBERT, 84, Vineyard Hill, Wimbledon Park, S.W. 19. English. 
Analytical and Consulting Chemist and Bacteriologist. B.Sc. (First Class 
Honours, University College, London), A.I.C. Assistant to Drs. S. and E. K. 
Rideal, 28, Victoria St., S.W.1. Lecturer on Bacteriology applied to 
Chemistry at Battersea Polytechnic. (Signed by) F. G. Donnan, Eric K. 
Rideal, W. E. Garner. 

Scorr, Grorce Baty, 37, Woodbridge Road, Knowle, Bristol. British. 
Organic and Inorganic Chemistry Student for two years at Central Poly- 
technic Institute, after passing the Qualifying Examination of Pharmaceutical 
Society, 1896. For some years have been closely associated with British 
Fine Chemicals, embracing Dye Intermediates, Research Chemicals, Saccharin 
and by-products. Wishful to have access to Society’s Library and Publica- 
tions, thus keeping up to date with the latest advances in Chemistry. (Signed 
by) J. Wicliffe Peck, D. Hughes, T. O. Kent, W. D. Wallace, Archibald 
Macpherson. 

ScamMELL, Rupert Boswoop, c/o F. H. Faulding & Co., Ltd., Castle- 
reagh St., Redfern, Sydney, N.S.W. British. Manufacturing Chemist. 
Bachelor of Science (Sydney). Six years’ experience in Manufacturing 
Chemistry with the above firm. I desire to keep in touch with modern 
chemical literature for research purposes. (Signed by) J. Kenner, George 
Harker, J. C. Earl. 

Sun, Uro, B.A.S., Agricultural Farm, Mandalay. Burman. Officiating 
Agricultural Chemist, Burma, Mandalay. Published as Memoirs of the 
Department of Agriculture in India on “ The Phosphate Requirements of 
some Lower Burma Paddy Soils.” (Signed by) Maung Ba, Maung Ba San, 
Maung Tun Tin. 

Sincu, Datip, near Tehsil, P.O. Lahore, India. Indian. Research 
Student, Cambridge University. Ph.D. Cambridge. (Signed by) W. J. 
Pope, W. H. Mills, Eric K. Rideal. 

SmirH, FREDERICK FRANCIS PERCIVAL, Peterhouse, Cambridge. British. 
Research Student in the Cambridge Univ. Laboratories. Ist Class Nat. 
Sci. Tripos, PartsI and II. 1st Class London Ext. B.Sc. Hons. (in Chemistry). 
(Signed by) Hamilton McCombie, Harold A. Scarborough, W. A. Waters. 

Smrru, RoBerT FREDERICK, 254, Higham Hill Road, Walthamstow, E. 17. 
British. Student of Chemistry at East London College. Desirous of keeping 
in touch with Modern Research. (Signed by) J. R. Partington, E. E, Turner, 
Elwyn Roberts. 

Soper, Witt1aM Ernest, 50, Aislibie Road, Lee, London, S.E.12. British. 
Research Student at East London College. B.Sc. (Lond.). (Signed by) 
J. R. Partington, E. E. Turner, Elwyn Roberts. ‘ 

SouTHERN, HERBERT KENNETH, Glenariff, Whaley Bridge, Nr. Stockport, 
Cheshire, also Government Laboratory, Strand, W.C.2. British. Tem- 
porary Assistant Chemist, Government Laboratory. B.Sc. (Hons. Chem.) 
after 3 years and M.Sc. after a further year’s research work in physical 
chemistry at Manchester University. Assistant Demonstrator in chemistry 
for 1 year at Manchester University. Six months as chemist with paint 
and enamel firm; 4 months at Government Laboratory. (Signed by) Robert 
Robertson, J. J. Fox, Geo. Stubbs, T. W. Harrison. 

Spricut, Eric Aurrep, 61, Arthur Road, Wimbledon Park, 8.W. 19. 
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British. Research worker in Organic Chemistry. Associateship of the Royal 
College of Science. B.Sc.(Lond.), Diploma of Imperial College, all in Chemistry. 
Have been engaged in study of Chemistry for 6 years, the last two being 
research. Published paper in Oct. 1924 J.C.S. on formation of Hydrindone 
derivatives. (Szgned by) Jocelyn Thorpe, G. A. R. Kon, Arnold Stevenson. 

SwirE, FRANK HARLAND, 152, Queen’s Road, Halifax, Yorks. British. 
Pharmacist. ‘‘ Minor” Qualification of the Pharmaceutical Society. 
Member of the Pharmaceutical Society of Gt. Britain. Late Student in 
Chemistry at the Halifax Technical College and at The School of Pharmacy, 
Bloomsbury 8q., London, W.C.1. (Signed by) T. E. Wallis, F. Browne, W. J. 
Stansfield. 

TATTERSALL, Harotp JAMES, B.Sc., Ph.D., 141, Thorold Road, Ilford, 
London, E. British. Research Chemist. Graduate of St. Andrews Univer- 
sity. B.Sc., Ph.D. Research work carried out at University College, Dundee. - 
Presently engaged in research photographic chemistry. Publishing under 
authorship McKenzie and Tattersall, probably in November 1925. (Signed 
by) Alex. McKenzie, O. Rhys Howell, R. Roger, John Foggie. 

THORPE, WILLIAM VEALE, 270, Balham High Road, London, 8.W. British. 
Research Student, Medical Research Council, Mount Vernon, Hampstead, 
N.W. 3. B.A. (Cambridge Natural Science Tripos, Parts I and II). One 
year’s research at Mount Vernon. (Signed by) W. J. Pope, Jocelyn Thorpe, 
Hamilton McCombie, W. H. Mills. 

TOwLeR, WILLIAM MILBURN, 28, Denton Ave., Roundhay, Leeds. British. 
Student. B.Sc. Hons. Chemistry, Leeds University. (Signed by) H. M. 
Dawson, P. K. Dutt, H. Holness. 

TRAILL, Davin, 58, Chalmers St., Dunfermline, Scottish. Research 
Student. B.Sc. (Ist Cl. Hons. Chemistry, St. Andrews), 1923. Research 
in Organic Chemistry, 1923-1925. -Macbeth and Traill, 7., 1925, 127, 892; 
and 1118. (Signed by) A. Killen Macbeth, Irvine Masson, James Craik. 

TRICKER, ELVERA ANNIE, 319, Norwich Rd., Ipswich. British. Student 
of Chemistry at Bedford College. (Signed by) J. F. Spencer, H. Crompton, 
J. Stewart. 

TURNER, Donatp Morrison, 40-42, Lexington St., W.1. British. 
Representative of Mead Johnson & Co., Food Specialists. M.Am.Chem.Soc. 
Ten years Asst. Analyst, Govt. Laboratory, Newfoundland. Desire to 
receive the publications of the Society and keep in touch with modern work. 
(Signed by) D. James Davies, G. S. W. Marlow, F. 8. Aumonier. 

TURNER, GEOFFREY, 85, Winchester Avenue, Leicester. English. Re- 
search Student, attending Loughborough College, Leics. B.Sc. (2nd Class 
Honours, London); Diploma of Loughborough College (Honours). (Signed 
by) A. Bramley, A. T. Eggington, G. Lawton. 

TyLeR, Norman LEOPOLD, 9, St. Paul’s Gardens, Spennymoor, Co. Durham. 
British. Chief Chemist and Manager of Messrs. Intermediates and Explosives, 
Ltd., Dean and Chapter Colliery, Ferryhill, Co. Durham. City and Guilds 
and South Kensington Examinations, Inorganic and Organic. South Staffs. 
Scholarship Metallurgy., Iron and Steel. Secretary of N.E. Section of the 
British Association of Chemists. Fourteen years with Messrs. Chance and 
Hunt, Ltd., Oldbury and Wednesbury. Chemist in Charge of several plants 
for eight years. (Signed by) 8. I. Levy, L. R. B. Pearce, W. A. S. Calder. 

VERNON, HERBERT WarRD, 245, Albert Rd., London, N. 22. British. 
Research Chemist. B.Sc. in Hons. Chemistry of Victoria University, Man- 
chester. Held post as Research Chemist for last nine years. (Signed by) 
Percy C. C. Isherwood, B. H. Bowles, R. E. Brett. 
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Wess, Freperick Henry, “St. Malo,” Jameson Road, Harpenden. British. 
Manufacturing Chemist and Optician. (1) Early Education at the Dunstable 
Grammar School. (2) Studied Analytical Chemistry under J. B. Hoblyn, 
B.Sec., F.1.C. (3) Studied Chemistry and Physics at the London School of 
Chemistry under Henry Wootton, B.Sc. (4) Passed the Qualifying Examina- 
tion of the Pharmaceutical Society in 1910. (5) Passed the Qualifying 
Examination as a Fellow of the National Association of Opticians in 1923. 
Particularly interested in Analytical and Scientific work. (Signed by) Frank 
B. Arnold, J. J. Laws, Percy Barrs. 

Witurams, Ewarr Harrop, 31, Thornsbeach Road, Catford, S.E. 6. 
British. Chemist, Government Laboratory, Clement's Inn Passage, W.C. 
B.Sc. (Hons. Lond.), A.C.G.F.C., A.I.C. Research work at Finsbury 
Technical College with Prof. A. J. Hale, and at the Government Laboratory 
with Dr. J. J. Fox. I desire to keep in touch with modern developments in 
Pure and Applied Chemistry, through the Society’s J ournal, and by attend- 
ing the Scientific Meetings of the Society. (Signed by) Robert Robertson, . 
Geo. Stubbs, J. J. Fox, A. G. Francis. 

Wrui1aMs, Gwyn, Cae Ffynnon, Llandudno Junction, North Wales. 
Welsh. Research Student in Chemistry at University College of North 
Wales, Bangor. 1924, B.Sc. (Wales) with Ist Class Hons. in Chemistry. 
1924-5, Research Student at University College, Bangor. (Signed by) 
Kennedy Orton, F. G. Soper, H. B. Watson. 

WiuaMms, HueH Amputert, 249, Kennington Rd., §.E.11. English. 
Student. Student of the Institute of Chemistry, desiring the use of the 
Library and the Periodicals. (Signed by) George A. Stokes, Ernest W. 
Wright, A. J. Hale, H. M. Atkinson. 

Wiut1aMs, Ropert Harpine, 131, Anlaby Road, Hull. British. Chemist 
(Pharmaceutical), practising as a Chemist at above address. (Leeds Univer- 
sity Matric.). Two years at Swansea Municipal College (3rd year Medical 
Student). M.P.S. (1907). One year Hull Technical College. Was 2 years 
as Chemist in Middlesbro’ (Analytical), and have been in business at above 
address nearly 4 years. Have been doing analytical work for a number of 
years. (Signed by) Harry Thompson, Thos. A. Nightscales, Edward 
Chapman. 

WI.rTsHIRE, JOHN LAURENCE, 36, Fordel Road, Catford, London, S.E. 6. 
English. Assistant Works Chemist to Messrs. Burt, Boulton, and Haywood, 
Coal Tar Distillers, London. B.Sc. London, 2nd Class Honours in Chemistry 
(1925). Three years’ experience with consulting analyst (Mr. F. W. Harbord). 
Now occupied as above and in pure chemical research under Mr. E. de B. 
Barnett at the Sir John Cass Technical Institute, London. (Signed by) 
FE. de Barry Barnett, Marcus A. Matthews, James W. Cook. 

Wotrr, Jonn James Bensamin, 24, Greyhound Road, Hammersmith, 
W.6. English. Student (Research), East London College. (Signed by) 
J. R. Partington, Elwyn Roberts, D. C. Jones. 

Wricut, Gorpon Mrrcnett, University Chemical Labs., Cambridge. 
British. Research Chemist. M.A. (Cantab.), B.Sc. (Glasgow). (Signed by) 
Hamilton McCombie, A. C. P. Lunn, Harold A. Scarborough. 

Wyatt, WrLrRED Fisner, North Anston, Nr. Sheffield. British. Demon- 
strator in Chemistry, the University of Sheffield. B.Sc. Hons. Chemistry, 
1923, Sheffield University; M.Sc., 1924, Sheffield University. (Signed by) 
W. P. Wynne, F. G. Tryhorn, G. M. Bennett, Arthur W. Chapman, 

ZIMMERMANN, JOHN FREDERICK, 17, Stile Hall Gardens, Chiswick, W. 4. 
British. Research Chemist. Diploma of Engineer Chemist, Zurich Poly- 
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technicum, 2} Years as Assistant to Dr. Tcherniac. (Signed by) J. Tcherniac, 
A. G. Bloxam, C. 8. Gibson. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2). 


CUTHBERT, BERTRAM, c/o The British Australian Cotton Assocn., Oil 
Mills, Brisbane, Australia. British. Oil Mills Manager. 1906-1912, Analy- 
tical Chemist, The Hull Oil Manuf. Co., Ltd., Hull, Eng. 1912-1914, Re- 
search Chemist, The Hull Oil Manuf. Co., Ltd., Hull, Eng. 1914-1919, 
Research Chemist and Refinery Manager for the Hull Oil Manuf. Co., Ltd. 
1920-1923, Assistant Works Manager and Soap Works Manager for the Hull 
Oil Manuf. Co., Ltd. 1923 to present time, Oil Mills Manager for the British 
Aust. Cotton Assocn., Ltd., Brisbane, Queensland, Australia. (Signed by) 
Geo. H. Appleyard, H. W. Potts. 

Miter, Epcar Carvin Lz Roy, c/o Medical College of Virginia, Richmond, 
Va., U.S.A. English. Teacher in Medical College of Virginia. Professor of 
Biological Chemistry and Bacteriology. M.D. (University of Michigan). 
Secretary of the Virginia Academy of Science. Past secretary and past 
chairman of the Virginia Section of the American Chemical Society. (Signed 
by) F. P. Dunnington. 

Sicot, AtBERT Louis AucustE, Institut de chimie, 2, Rue Goethe, Stras- 
bourg. Frangais. Licencié és Sciences, préparateur a la Faculté des Sciences 
de PUniversité de Strasbourg. Chargé des travaux pratiques de Chimie 
Physique. (Signed by) Louis Hackspill, Georges Baume. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


ABDERHALDEN, Emin. [Kditor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden, Teil 2, Heft i. 
Berlin 1925. pp. 456. M.21. (Recd. 2/11/25.) 

From the Publishers: Herren Urban & Schwarzenburg. 

BARBAUDY, JEAN. Contribution a l’étude de la distillation des 
mélanges ternaires hétérogénes. Paris 1925. pp. iv -+ 156. ill. 
(Recd. 11/11/25.) From the Author. 

Kucksen, ARNOLD. Fundamentals of physical chemistry. Trans- 
lated and adapted from the 2nd German edition by Eric R. Jurrs 
and Vicror K. LaMer. New York 1925. pp. xxiv +700. ill. 
27s. 6d. net. (Recd. 12/11/25.) 

From the Publishers : The McGraw-Hill Publishing Co. 

JOURNAL OF THE CHEMICAL INDUSTRY. Vol. I, etc. Moscow 
1924 +. [In Russian.] (Reference.) From Dr. M. Nierenstein. 

KopaczEwsk1, W. Introduction a l’étude des colloides: état 
colloidal et ses applications. Paris [1925]. pp. viii + 226. ill. 
16 fr. (Recd. 2/11/25.) 

From the Publishers : MM. Gauthier-Villars et Cie. 
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Levenn, P. A. Hexosamines and mucoproteins. London 1925. 
pp. x + 164. 10s. 6d. net. (Recd. 22/10/25.) 
From the Publishers : Messrs. Longmans, Green & Co. 
Masson, Irvine. Three centuries of chemistry: phases in the 
growth of a science. London 1925. pp. 192. ill. 10s. 6d. net. 
(Recd. 3/11/25.) From the Publishers: Messrs. Ernest Benn. 
Nacaoka, Hanraro. Anniversary volume. By his friends and 
pupils on the completion of 25 years of his Professorship. Tokyo 
1925. pp. xvi-+ 424. ill. From the Tokyo Imperial University. 
Russtan PHysIcAL AND CuEmricaL Society. Journal. [Chemical 
Section.] Vol. 55, part 5, etc., Leningrad 1924+. [In Russian. ] 
- (For circulation.) From Dr. M. Nierenstein. 
Tuoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. II. Partiv. Vol. IV. Part 
ii. Berlin 1925. pp. [288], [272]. ill. M. 20. (Recd. 2/11/25.) 
From the Publishers : Herren Urban & Schwarzenberg. 
West, CLARENCE JAY, and BrerouzHEemeER, D.D. Bibliography 
of bibliographies on chemistry and chemical technology 1900—1924. 
(Bulletin of the National Research Council, No. 50.) Washington, 
D.C. 1925. pp. 308. (Reference.) $2.50 net. 
From the Publishers: The National Research Council. 


II. By Purchase. 


Arnov, Cu. Les industries de la conservation des fruits. 3 parts. 
Vannes 1925. pp. 356, 280, 142. ill. 55 fr. (Recd. 5/11/25.) 

ArRHENtIvs, Svante Avaust. Chemistry in modern life. Trans- 
lated by CrirrorD SHatruck Lronarp. New York 1925. pp. 
xvi + 286. ill. 13s. 6d. net. (Recd. 10/11/25.) 

DELBRUcK, Max. IIlustriertes Brauerei-Lexikon. 2nd edition. 
2 vols. Edited by F. Haypucx. Berlin 1925. pp. iv + 534, 
ii +438. ill. (Reference.) M. 54. 

-GampBer, Oswanp. Die Herstellung des Cereisens und die 
Gewinnung der Chloride der seltenen Erden. Wien 1925. pp. 
viii + 126. M.4. (Recd. 26/10/25.) 

GarpNer, Henry A. Physical and chemical examination of 
paints, varnishes, and colors. 2nd _ edition. Washington, D.C. 
1925. pp. 376. ill. [Together with 22 circulars of the U.S. 
Standards Specification Board.] 45s. net. (Recd. 19/10/25.) 

Grin. ApotF. Analyse der Fette und Wachse sowie der Erzeug- 
nisse der Fettindustrie. Vol. I. Berlin 1925. pp. xii + 576. 
ill. M. 36. (Recd. 22/10/25.) 

TnEeRING, ALBRECHT von. Maschinenkunde fur Chemiker. 3rd 
edition. pp. vili-+ 348. ill. M.18. (Recd. 27/10/25.) 
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Kuine, Anprié. [Editor.] Méthodes actuelles d’expertises 
employées au Laboratoire Municipal de Paris et documents sur les 
matiéres relatives a l’alimentation. 6 vols. Paris 1921—1923. 
(Reed. 4/11/25.) 

Lanes, Orro. Die Schwefelfarbstoffe. 2nd edition. (Chemische 
Technologie in Hinzeldarstellungen.) Leipzig 1925. pp. xiv + 371. 
ill. M.28. (Recd. 26/10/25.) . 

OstwaLD, [WILHELM], and LuruEer [RoBEeRT THomas DiepRicH]. 
Hand- und Hilfsbuch zur Ausfiihrung physikochemischer Messungen. 
4th edition. Edited by Cart Drucker. Leipzig 1925. pp. xx + 
814. M. 35. (Recd. 27/10/25.) 

Preuss, E. Die Fabrikation des Stirkezuckers, des Stirke- 
zuckersirups und der Zuckerkulér mit besonderer Beriicksichtigung 
des Betriebes. Leipzig 1925. pp. xvi-+ 320. ill. M. 16.20. 
(Recd. 27/10/25.) 

Staus, H. Insulin: Darstellung, Chemie, physiologische und 
therapeutische Anwendung. 2nd edition. Berlin 1925. pp. vi ++ 
178. ill. M. 8.40. (Recd. 3/11/25.) 


IIT. Pamphlets. 


Mines Department. Safety in Mines Research Board. Paper 
No. 13. Stone dust as a preventive of coal dust explosions. Com- 
parative tests. By G. 8. Rick and Ricuarp VERNON WHEELER. 
London 1925. pp. 15. ill. 

Ray, Srr Prarutta CHanpra. Acharyya Prafulla Chandra 
Ray and his many-sided activities. By anadmiring pupil. Calcutta 
1924. pp. vi+ 79. ill. 

Ray, Priyapa Rangan. Chemical research in India. (From 
the Calcutta Review, 1925.) 

SCIENTIFIC AND InpusTRIAL ReEsEARCH, Department of. 
Report of test by the Director of Fuel Research on Parker low 
temperature carbonisation plant installed at Barugh, Barnsley, at 
the works of Low Temperature Carbonisation, Ltd. Test carried 
out July 22nd to 24th, 1924. London 1924. pp. iv + 24. ill. 
Report of test by the Director of Fuel Research on the 
carbonisation plant of Midland Coal Products, Ltd., Netherfield, 
Nottingham. Tests carried out January 20th to 28rd, 1925. 
London 1925. pp. vi+ 23. ill. 

River gauging : a report on methods and appliances suitable 
for use in Great Britain. By M. A. Hogan. London 1925. pp. 
viii + 80. ill. ‘ 
First Report of the Fabrics Co-ordinating Research Com- — 
mittee. London 1925. pp. iv + 70. ill. 
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Screntiric AND InpusTRIAL RuesmarcH, Department of. 
Deterioration of structures of timber, metal, and concrete 
exposed to the action of sea-water. Fifth (interim) report of the 
Committee of the Institution of Civil Engineers. Edited by P. M. 
CROSTHWAITE and Gim~BERT R. RepGRAvE. London 1925. pp. 
viii + 66. ill. 

Building Research Board. Bulletin No. 1. Jointless (mag- — 
nesium oxychloride) floors. By P. W. Barnerr and B. BAKEWELL. 
London 1925. pp. iv -+ 26. ill. 

—— Food Investigation Board. Special Report No. 21. ‘The 
“gas”? content and ventilation of refrigerated holds carrying 
apples. (Second Report on the Australian Expedition, 1923.) 
London 1925. pp. iv + 36. ill. 

Special Report No. 22. Brown heart in Australian 
apple shipments. (Third Report on the Australian Expedition, 
1923.) London 1925. pp. vi-+ 28. ill. 

Special Report No. 23. Functional diseases of apples 
in cold storage. By FranKLIN Kipp and Cyrin West. London 
1925. pp. 15 + xiii plates. 

—— Special Report No. 25. The handling and transport 
of fish. By Epe@ar GrirritHs and Crawrorp Herron. London 
1925. pp. iv+ 25. ill. | 

Fuel Research Board. Fuel for motor transport. ‘Third 
memorandum. Power alcohol from tuber and root crops in Great 
- Britain. London 1925. pp. vi -++ 37. 

—— Physical and chemical survey of the national coal 
resources, No. 4. The Lancashire coalfields: the Ravine seam. 
Part i. London 1925. pp. vi-+ 34. 

— Technical Paper No. 11. The microstructure of a coal 
seam. By James Lomax. London 1925. pp. iv-+ 14+ 24 
plates. 


Technical Paper No. 12. The heating of rooms: a 
comparison of the costs of different methods on the basis of warmth 
comfort. ‘By Marcarer Wuitre FISHENDEN, assisted by ROBERT 
Ernest WituGReEss. London 1925. pp. iv + 48. 
Technical Paper No. 13. The domestic grate: an 
experimental investigation of the relation between the design of a 
grate and the heat radiated into a room. By Marcarer WHITE 
FIsHENDEN. London 1925. pp. iv + 25. ill. 
Technical Paper No. 14. The enrichment of coal gas by 
the injection of oil into the retorts during carbonisation. London 
1925. pp. vi-+ 61. ill. 

Swarp, Paut Francois, and GortnerR, Ross AIKEN. Viscosity 
as a measure of hydration capacity of wheat flour and its relation 
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to baking strength. (Univ. Minnesota Agric. Haper. Station, 
Technical Bulletin No. 19.) St. Paul 1923. pp. 119. ill. 

SIMONSEN, JOHN LionreL. The constituents’ of some Indian 
essential oils. Parts XIII—XV. (From the Indian Forest Records, 
1924, 11.) 

SmmpKIN, NEVILLE, and Dawes, Aurrep. Boiler feed water 
(supply, softening and control in colliery practice). (Lanes & 
Cheshire Coal Research Assoc. Bulletin No. 16.) London 1925. 
pp. 45. 

UnitEp Srares. Department of Agriculture. Department 
Bulletin No. i323. Citrus pectin. By Homer D. Poors. 
Washington 1925. pp. 19. : 
Department of Commerce. Bureau of Standards. Tech- 
nologic Paper No. 273. Performance tests of a liquid laundry soap 
used with textile materials. By F. R. McGowan, F. W. Smrruzr, 
and CHARLES W. SCHOFFSTALL. Washington 1924. pp. 26. ill. 

Woopman, Rownanp Marcus. The physics of spray liquids. 
I. The properties of wetting and spreading. (From the J. Pomology 
and Horticuliural Science, 1924, 4.) 

Wor.eEY, FREDERICK PALLISER. A new view of atomic structure 
and the relationship of the chemical elements. (From the Rept. 
Austral. Assoc. Adv. Sci., 1923, 16.) ill. 

WorcHaL, Hucen Pu. A contribution to the study of wood- 
sap. Moscow 1916. pp. 72. ill. [In Russian, with an English 
summary. | 


PROCEEDINGS 


OF THE ea Biya 
LAN * 


CHEMICAL SOCIET Yui 


b 
LS eet yobs 
yee 


Informal Lecture, Thursday, Noweuned 26th, 1925, at 6 p.m., 
Dr. N. V. Srpawick, M.A., F.R.S., Vice-President, in the Chair. 


The CHAIRMAN mentioned that this was the first of the Informal 
Lectures to be given by the Society, and hen called upon Professor 
R. Robinson, D.Sc., F.R.S., to deliver‘his Ki ebitré entitled : “ Recent 
Research on the Struotiiral Relationships of some Plant Products.” 
. At the conclusion of the Lecture a 1 Vote of! ‘Thanks to the Lecturer 
was proposed by Professor T.“M.' Lowry, seconded by Dr. R. H. 
Pichard, and carried with acclamation, Professor Robinson making 
due acknowledgment. 

Ordinary Scientific Meeting, Thursday, December 3rd, 1925, at 
8 p.m., Dr. ARTHUR W. CrosstzEyY, C.M.G., C.B.E., LL.D., F.RB.S., 
President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
James Kerr Frsicine |. sciccs o's sacs e005 Dec. 5th, 1889. April, 1925. 
Robert Walter Oddy ................+. May 15th, 1890. Nov. 24th, 1925. 
William Rebert Lang ..............066. March 4th, 1897. Nov. 20th, 1925. 


_ Certificates were read for the first time in favour of : 


Dattatraya Vishwanath Bal, Rothamsted Experimental Station, Harpenden. 

Bernard Meredith Brown, B.Sc., F.I.C., Hill Close, Croham Manor Road, 
S. Croydon. 

Frederick Leslie Clark, 170, Barnsley Road, Sheffield. 

Reginald Clifford Fawcett, B.Sc., The Cottage, Pentre, Wrexham. 

Ko Ko Gyi, Agricultural College, Mandalay. 

Tom Heap, B.Sc., Birch Mount, Church Road, New Mills, Stockport. 

Stanley Barker Johnson, c/o Colombo Gas & Water Co., Ltd., Colombo, 
Ceylon. 

Leonard George Jupp, B.Sc., A.R.C.S., 6, Chesham Road, Kemp Town, 
Brighton. 

Horace Alfred Mayes, B.Sc., The Cottage, Sewage Works, Vicarage Lane, 
East Ham, E. 6. 
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Henry Geoffrey Ordish, B.A., Chileombe, Milton Road, Harpenden. 
Arnold Piukus, 238, Amhurst Road, Stoke Newington, N. 16. 

Clifford Burrough Purves, B.Sc., Edenbank, Cupar. 

Suresh Chandra Ray, P.O. Alambazar, Ray Villa, Calcutta. 

Edna Clark Smith, B.Sc., 9, Gilston Road, S.W. 10. 

Sidney David Sutton, 2, Glasshouse Street, W. 1. 

Raymond Taylor, M.A., B.Sc., St. Brelades, Woodside Road, Parkstone. 
Richard Victor Thomas, B.A., 17, Pretoria Road, Cambridge. 

Henry Wilkins, B.Sc., 13, Kinfauns Road, Goodmayes. 

Reginald Frank Wright, A.R.C.S., Fairhazel, Avondale Road, Hove. 


Messrs. E. Horton and W. B. Saville were elected Scrutators, 
and a ballot for the election of Fellows was held. The following — 
were subsequently declared elected as Fellows : 


Robert Leslie Andrew. 

Louis Baissac. 

William Francis Barker, Ph.D. 

Ralph Basden. 

Frank Bell. 

Arthur Neville Copnall Bennett, B.Sc. 

Harold Frederick Betts, B.Sc. 

John Cecil Bird, B.Se., A.I.C. 

Lionel Christopher William Birkett, 
B.Sc. 

James Boyd, F.I.C. 

Frank Symonds Bradhurst. 

Edward Britnell, B.Sc. 

Reginald John Bromfield. 

Francis Hereward Burstall, B.Sc. 

Archer John William Butterfield. 

John Hildred George Carlile, B.Sc., 
ALR.GCS: 

Leslie James Chalk, B.Sc. 

Rama Charan, B.Sc., B.Sc.Tech. 

John William Corran, B.Sc., Ph.D., 
A.I.C. 

John Harold Cottier. 

Edward Mortimer Crowther, D.Sc., 
POEO. 

Bertram Cuthbert. 

Frank Edwin Dickinson. 

Joseph Raymond Dolphin, B.Sc. 

William Donovan, M.Sc. 

John Stanley Dunn, M.A., Ph.D., 
A.I.C. 

John Horsfall Dyde. 

George Malcolm Dyson, B.A., B.Sc., 
Ph.D. 

Alfred Eccles, B.Sc. 

Edwin Francis Edwards. 

John Moelwyn Edwards. 

George Albert Elliott, M.Sc. 


Eric Bertram Evans, B.Sc. 

Elinor Katharine Ewbank, B.A. 

Elizabeth Monica Openshaw Farrow, 
M.A. 

Oliver Free, B.A. 

William Marshall Freeman. 

Eva Florence Gee. 

James Walter Shanks Gemmell, B.Sc. 

Francis Reginald Glover. 

William Bouch O’Brien Goudielock. 

Felix John Theodore Grigg, M.Sc., 
A.I.C. 

George Vincent Hall, B.Sc. 

John Hall, M.Sc., A.I.C. 

William Rowan Hare. 

Walter Healey. 

Thomas Henderson, M.C., M.A., B.Sc. 

Herbert Sim Hirst. 

Syed Husain, M.Sc. 

Toru Iwadare. 

David Christopher 
wardene. 

Gilbert Jessop, M.Sc., Ph.D. 

Charles Benjamin Johnson. 

Walter Idris Jones, B.Sc., Ph.D. 

Henry Wilfrid Keenan. 

Brian Charles Lavers Kemp, B.A.. 

Charles King. 

Frederick Karl Victor Koch, B.Sc., 
A.R.C.S. 

Charles Dudley Langford, B.Sc., 
A.R.CS. 

Banarsi Das Laroia, B.A., B.Sc. 

Henry Guinness de Laszlo, B.A., 
Ph.D. 

Bertram Grey Leatherbarrow. 

Sam Lenher, B.A. 

John Joseph Lennon, M.Sc. 


Mendis Jaye- 
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William Macartney. 
Ivan Roy McHaffie, B.A., M.Sc. 
Neil McLean, M.A., B.Sc. 
Leslie George Manchester, B.Sc. 
William Alfred Nottage Markwell. 
William Francis Martin, F.I.C. 
Charles Henry Lawrence Miller, B.Sc. 
Edgar Calvin le Roy Miller, M.D. 
Arthur Moore. 
Alexander John Morrison. 
Frank Richard Morrison. 
John Blackburn Murgatroyd. 
Chitsukhlal Hiralal Nanavati. 
Henry Nicholson, M.Sc. 
Anna Maria O’Meara. 
Horace Winston Palmer, B.Sc. 
Norman Frederick Parker, 
A.I.C. 
Austin McDowell Patterson. 
Ernest Phillis, B.Sc. 
Jonathan Pollitt, B.A. 
Charles Raymond Porter, 
A.I.C. 
Evan Emrys Price, B.Sc. 
Marjorie Ellen Pring, B.Sc. 
Jnanendra Nath Ray, M.Sc. 
Herbert Charles Roberts. 
Phyllis Mary Sanderson. 
Rose Rachel Sass, B.Sc. 
Robert Saxon, B.Sc. 
Rupert Boswood Scammell, B.Sc. 


B.A., 


M.Sce., 


Albert Sciver, B.Sc., A.I.C. 

George Baty Scott. 

Upo Shin. 

Albert Louis Auguste Sigot. 

Dalip Singh, Ph.D. 

Frederick Francis Percival Smith, 
B.A., B.Se. 

Robert Frederick Smith. 

William Ernest Soper, B.Sc. 

Herbert Kenneth Southern, M.Sc. 

Eric Alfred Speight, B.Sc. 

Frank Harland Swire. 

Harold James Tattersall, B.Sc., Ph.D. 

William Veale Thorpe, B.A. 

William Milburn Towler, B.Sc. 

David, Traill, B.Sc. 

Elvera Annie Tricker. 

Donald Morrison Turner. 

Geoffrey Turner, B.Sc. 

Norman Leopold Tyler. 

Herbert Ward Vernon, B.Sc. 

Frederick Henry Webb. 

Ewart Harrod Williams, B.Sc., A.I.C. 

Gwyn Williams, B.Sc. 

Hugh Amphlett Williams. 

Robert Harding Williams. 

John Laurence Wiltshire, B.Sc. 

John James Benjamin Wolfe. 

Gordon Mitchell Wright, M.A., B.Sc. 

Wilfred Fisher Wyatt, M.Sc. 

John Frederick Zimmermann. 


The following papers were read : 


*“On the Budde effect in bromine. 


Part I. The photoactive 


constituent in wet bromine.” By B. Lewis and E. K. RmpwAt. 


“On the Budde effect in bromine. 


Part II. The kinetics of the 


reaction and the light absorption of wet and dry bromine.” 
By B. Lewis and E. K. Riprat. 

‘‘ The influence of carbon rings on the velocity of reactions involving 
their side-chains. Part I. The hydrolysis of cyclic and open- 
chain malonic esters.” By R. Ganz and C. K. INcoxp. 

“The density of boric oxide glass and the suspected variation in 
the atomic weight of boron.” By H. V. A. Briscoz, P. L. 
Rosinson, and G. E. SrePHENSON. 
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Ordinary Scientific Meeting, Thursday, December 17th, 1925, 
at 8 p.m., Dr. ARTHUR W. CrossLEY, C.M.G., C.B.E., LL.D., F.B.S., 
President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
George Frederick William Blackburn ...... May 15th, 1913. Nov. 28rd. 
Tidmvrwd KB HGGHG eases io tenave cases aeaean ane ees Dec. Ist, 1910. Dec. 8th. 
RITIOS CATATIG scdacc singh vesinbeaicmuasenaes sap mate reciue eo he OIDOUI EAU Lewes Dec. 7th. 


The PRESIDENT announced that : 

1. A Special Lecture will be delivered by Professor J. Barcroft, 
F.R.S., entitled “Hemoglobin” on Thursday, February 11th, 
1926, at 8 p.m. The Lecture will be held in the Chemistry Theatre 
of the University College, Gower Street, W.C. 1, by the kind per- 
mission of the College Authorities. 

2. British Chemical Abstracts ‘‘ A,’ Pure Chemistry for 1926, 
printed on one side of the paper only, and gummed or ungummed, 
will be obtainable by Fellows at the price of £3 Os. Od., post free. 
Application should be made to the Assistant Secretary, Mr. 8. E. 
Carr, as soon as possible. 

The following were formally admitted Fellows of the Chemical 
Society : Thomas M. Sharp, Arthur Moor, Cecil J. May, J. F. 
Zimmermann, F. Bell, C. D. Langford,and J. M. Edwards. 


Certificates were read for the first time in favour of : 


Edwin Melhuish Bailey, Almond Hill, Pumpherston, Midcalder. 

Carl Howard Collie, B.A., New College, Oxford. 

William Eric Downey, Ph.D., Imperial College of Science and Technology, 
S. Kensington, 8.W. 7. 

Andor Fodor, Ph.D., Hebrew University, Jerusalem. 

Herbert Harris, B.Sc., Ph.D., A.R.C.S., 1, Royal York Villas, Clifton, Bristol. 

Ralph Harry Klein, A.I.C., 11, Park Place Villas, Maida Hill, W. 2. 

Montague Alexander Phillips, A.I.C., 31, Cator Street, S.E. 15. 

Devasikhamani Sunderavelu Pillai, 37, Hill Street, Stoke-on-Trent. 

Charles Aylmore Ray, B.A., 47, Somerford Grove, Tottenham, N. 17. 

Ivy Winifred Elizabeth Rogers, 8, St. Lawrence Road, W. 10. 

Ronald Stanley Russell, B.A., 47, Redington Road, Hampstead, N.W. 3. 

Robert John Schaffer, B.A., B.Sc., 3, Hambalt Road, S.W. 4. 

Charles Richard Noél Strouts, B.A., B.Sc., A.I.C., Westminster Bank, Kew 
Gardens, Surrey. 

Frank Sherwood Taylor, M.A., B.Sc., 21, Shortlands Road, Shortlands, Kent. 

Claude Stanley Watson-Will, Musgrave Road, Indooroopilly, Brisbane. 

Idris Williams, B.A., 19, Silver Street, Cambridge. 


The meeting was then adjourned, and the Informal Meeting 
declared open. 
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The Council has made the following Grants from the Research 


Fund : 

£ 
Preparation and investigation of rare earth carbides. N. L. 
Anfilogoff .. te nh 10 
Preparation of aherantnténed rev meilberios 7s N. Aghiey ar 5 
Investigation of certain binary and ternary systems. C. R. 

Bailey es ae eat a ms Pe ne 5 
Synthesis of Renistenn.: Ww. Baker ... ord iss ts : eo 
Studies in the anthracene series (contd.). E.deB. Barnett... 5 
(a) Studies in aliphatic and cyclic sulphides APS) Set 
(6) Reactivity of some quinoxaline bases. G.M. Bennett iN 5 
Study of the mutual solubility relations of certain mend ny 

systems. H.F. Betts ... ES ; 3 
The dynamic isomerism of mieh ter leceaenints wa of anaes 

metrical xanthydrols. B.C. Chatterjee ble pean’ b 
Thiocyano- and selenocyano-groups in the aromatic ustbae! du 

Challenger sis 5 
Preparation and ae of stad polyhydroxy « ddrieatiired ‘of 

diphenic acid. G. H. Christie aus 5 
Synthesis of substituted tri- and tetra- methylene’ hee Hanioaiiy es 

from compounds obtained by condensation of malonic ester 

with aldehydes. H. Clayton ... he a7 oa me 5 
Anthranyl ketones. J. W.Cook ... ae 5 
Addition of bivalent carbon compounds to podibe. of the Hai. 

methane class. K. Cooper ls a, he a He 5 
Stability of Schiff’s bases. P.K. Dutt... : 5 
Conversion of asymmetric bromo compounds into the partendentl 

ing sulphonic acids. E.B.Evans ... 5 
Influence of the benzoyl group on the mobility of the chee! barbed 

tautomeric system. M.D.Farrow ... Perens oth D, 
Studies in the catalytic activity of charcoal. J. B. Hirth BL sR ASG 
Solubility relationships of alums and pseudo alums. S. Glasstone 3 
Study of alkylene thiosulphates and of alkylene ‘onlin ie acids. 

J. Goodspeed as Bis 5 
Quasi-aromatic structure res ye F. R. Tae 5 
Properties of conjugated compounds. A. T. Healey 6 
Periodic chemical reactions. E. 8. Hedges 15 
Substitution in the aromatic nucleus. W. J. Hiekinhouor 4 
Photochemical combination of Gane with other gases. H.S5S. 

Hirst ove =): a3 7 
(a) Synthetical Pe asiaicaritis in aeba auihooudnidin series oe 
(b) Synthesis of indole derivatives. H.R. Ing ... 10 
Conditions of equilibrium between alkali and Hisaliee Sertls 

halides and the alcohols (contd.). W.J. Jones ws ay 8 
The chemistry of the three-carbon system. L. G. Jupp Ane 8 
(a) Reaction with ammonia of various unsaturated cyano esters 
(b) Methylation and ethylation products of various unsaturated © 

cyano amides. (Miss) W. ales A 5 
Lactone formation from the aa’- Bf’-dibromo Batuie ease C. D. 

Langford .. 6 
Properties of dec jnanited porauunidies B. D. Taieats 6 


Substituted diphenyl compounds. R.J.W.LeFeévre ... ... 5 


8. 


ooo 


d. 


oo °° 
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Condition of formation and stability of carbon rings. J. Jd. 
Lennon AC 

Action of nitric acid on NTRAEE AL hisoos hen (Miss) PayVe 
McKie 

Synthesis of (a) Tharendations prodane of hyueiea” pee (b) Huse 
aline and some of its derivatives. R.H. F. Manske 

The effect of bulky groups on the mobility of the 3-carbon system. 
C. J. May a2 - sits 

Researches on thallium arentoss tes Tears ). R. a Meniies 

Three carbon tautomerism. B.'T. Narayanan ; 

Kinetics of the induction period of the hydrogen- aides readsuan 
with ultra-violet light. R.G.W. Norrish 

Action of ozone on dry iodine. H.W. Palmer 

Nitration of substituted phthalides. J.N. Ray . ue 

Reactions between 1 : 3-diketones and amino abe ee a 
E. Roberts gh she aoe 

Investigation of certain Sacaniarr aren J. M. Robertson 

Properties of unsaturated cyclic ketones. J. Ross 

The direct introduction of substituents into a mono- aubstiiated 
diphenyl. H. A. Scarborough .. sak 

Preparation and properties of various types of Halaewaeed 
naphthalene derivatives. J.B. Shoesmith 

Researches on sulphuryl] chloride and chlorination. O. Siihenea 

Influence of substituents on the stability of certain spiro and 
associated ring systems. S. S. G. Sircar 

The basic salts, salts of mixed acids, and complex salts of rishi 
of the 3rd and 8th periodic groups. J.D. Main Smith Fe 

Nitration studies of tertiary aromatic amines. J. M. Smith 

Condensation reactions with certain P liensigs # acids. M. G. 
Thomson ... 

Introduction of the aciha ener bi hie Boep pee an simile soups 
into the aromatic nucleus. V.M. Trikojus ... 

Conversion of substituted aromatic amines into quinolines. E. E. 
Turner ; 

Iiffect of polar subaiunenta on tha Walden inversion pasa 
benzene derivatives. E. E. Turner 

The chemistry of molybdenum. W. Wardlaw 

Reaction of halogens with aliphatic acids, orihpclaaee Ree 
allied substances. H. B. Watson se ue lv 

(a) Spatial structure of cycloparaffins ‘ 5 

(6) Constitution of the mono-chloro- and mono- es. yet 
succinic acids. W. A. Wightman 

(a) The migratory aptitudes of methoxy- phenyl Coeeae ia 

(6) Experiments upon phthalophenone derivatives, bide E. oe. 
Wignall ele D;. ou 

Structural mobility in Giledesentaarie eyatemnd ae F. Wright . 


Total 


10 


10 


151 


List of papers, or abstracts thereof, received between November 
20th and December 17th, 1925. (This list does not include titles 
of papers which have been read at an Ordinary Scientific Meeting, 
or which have appeared in the Journal.) 


“The mechanism of the formation of o- and m-hydroxybenzalde- 
hydes from the nitration product of benzaldehyde.” By 
H. H. Hopeson and H. G. BEARD. 

“The constitution of the normal monosaccharides. Part II. 
Rhamnose.” By E. L. Hirst and A. K. MacBeru. 

“Resolution of dl-dicentrine.” By R. D. Haworru, W. H. 
PERKIN, and J. RANKIN. 

‘‘ Synthetical experiments in the isoquinoline group. Part VI. 
A synthesis of derivatives of paraberine.” By R. CAMPBELL, 
R. D. Haworts, and W. H. PERKIN. 

“The action of alkaline arsenites on some halogenated organic 
compounds.” By I. E. BaLaBan. 

“The equivalent conductivity of solutions of sodium hydroxide 
and the mobility of the hydroxyl ion.” By H. R. Ratkss, 
A. F. Yorxez, and F. K. Ewart. 

“ An investigation of the zirconium in Colorado pitchblende.” By 
O. FREE. 

“Some products from the resins of Xanthorrhea, Hastilis, X. 
Arborea, and X. Reflexa.” By H.H. FINuayson. 

“ The nitration of @-naphthoic acid and some new amino- and nitro- 
naphthoic acids.” By H. A. Harrison and F. A. RoYLE. 
“Preparation of p-bromophenylhydroxylamine by the emulsific- 
ation process. A modification.” By R. D. HaworrtH and 

A. LAPWORTH. 

‘‘ Optical activity and the polarity of substituent groups. Part ITI. 
Menthyl acetophenone-o-carboxylate.” By H. G. Rue and 
J. SMITH. 

“The crystal structure of catechol.” By W. A. CasPARI. 

“The chlorination and bromination of 4-aminodiphenyl.” By 
H. A. ScarporoucH and W. A. WATERS. 

“ Studies of dynamic isomerism. Part XXI. The velocity of 
mutarotation of glucose and of tetramethylglucose in aqueous 
alcohols.” By E. M. Ricuarps and T. M. Lowry. 

“ Studies of dynamic isomerism. Part XXII. The velocity of 
mutarotation of glucose and of tetra-acetylglucose in aqueous 
acetone.” By G. G. Jonzs and T. M. Lowry. 


152 


“Some unsymmetrically substituted dinitro and diamino deriv- 
atives in the stilbene and tolane series. Part I. The fission 
of hydrogen chloride from 3: 4’-dinitrostilbene dichloride.” 
By H. A. Harrison and H. Woop. 

“The mercuration of aromatic substances. Part II. Ortho- 
nitrotoluene.” By S. Correy. 

‘“ N-Alkylated amidines.” By M. Sen and J. N. Ray. 

“ The equilibrium between ethyl alcohol and the alkali and alkaline 
earth salts. Part I.” By D. G. R. Bonnett and W. J. 
JONES. 

“ The dissociation pressures of alcoholates. Part I.” By D.G. R. 
BoNNELL and W. J. Jonzs. 

“ Ethyl hydrogen sulphate. Part II.” By M. A. Hamm, K. 
SinaH, and H. B. DunNIcLIFF. | 

~ Heterogeneous equilibria between the sulphates and nitrates of 
sodium and potassium and their aqueous solutions. Part I. 
The ternary systems.”” By M. A. Hamp. 

‘ Heterogeneous equilibria between the sulphates and nitrates of 
sodium and potassium and their aqueous solutions. Part II. 
The quaternary system H,O—Na,SO,-NaNO,-K,SO,-KNO,.” 
By M. A. Hamip. 

“ A new reaction of certain diazosulphonates derived from 8-naph- 
thol-1-sulphonic acid. Part I. The preparation of phthal- 
azine, phthalazone, and phthalimidine derivatives from 4’-nitro- 
benzene-2-naphthol-1-diazosulphonate.” By F. M. Rows, 
E. Levin, A. C. Burns, J. 8S. H. Davies, and W. TEpreEr. 

“ Substituted dihydropentazines—a new series of cyclic nitrogen 
a iBy F. D. Cuatraway and G. D. Parxzs. 

‘ Dvi-manganese.” By J. G. F. Druce and F. H. Lorrne. 

“ Preparation, hydrolysis, and reduction of the fluoro-, chloro-, and 
bromo-benzyl bromides.” By J. B. SHOESMITH and R. H. 
SLATER. 

“ Absorption spectra of condensed nuclear hydrocarbons.” By 
N.S. Capper and J. K. Marsu. 

“ The melting points of the normal saturated dibasic acids.” By | 
D. A. FarRwHATHER. 

“ Tautomerism in the thyroxin molecule.” By C. 8S. Hicks. 

“The structure of the normal monosaccharides. Part IV. 
Glucose.” By E. L. Hirst. 

‘“ An investigation of the hydrated fluoride of zirconium and the 
preparation of a hydrofluozirconic acid.” By E. B. R. Pripnaux 
and E. C. Roper. 

“3:4- and 2: 5-Dimethoxyphenylhydrazine.” By W. H. Perkin 
and L. RUBENSTEIN. 


153 


“ Condensations involving active methyl groups in heterocyclic 
bases.” By J. E. HUMPHRIES. 

“The system ferrous oxide-phosphoric acid—water and some of 
its oxidation products.” By S. R. Carter and N. H. Harrs- 
HORNE. 

‘ Absorption spectra and tautomerism. Part I. Keto-enol tauto- 
merism.” By R. A. Morton and W. C. V. Rosney. 

“ Absorption spectra and tautomerism. Part Lhe? By Rees: 
Morton and HE. RocErs. 

“ Absorption spectra of mesityl oxide.” By R. A. Morton. 

“The decomposition of substituted carbamyl chlorides by hydroxy- 
compounds. Part II. The influence of the constitution of 
the hydroxy-compound.” By T. W. Price. 

“ Substitution in vicinal trisubstituted benzene derivatives. Part 
IV.” By L. RUBENSTEIN. 

“The complex salts of 86’8’’-triaminotriethylamine with nickel 
and palladium.” By F. G. Mann and W. J. POPE. 

© yy'y’’-Triaminotripropylamine and its complex compounds with 
nickel.” By F. G. Mann and W. J. Pore. 

‘Preparation and reduction of methyleneanthrone.” By E. de B. 
Barnett and M. A. MATTHEWS. 


ADDITIONS TO THE LIBRARY. 


I. Donations. 


ABDERHALDEN, Emi. [Editor.] Handbuch der _ biologischen 
Arbeitsmethoden. Abt. XI, Methoden zur Erforschung der 
Leistungen des Pflanzenorganismus. Teil 3, Heft iii. Berlin 1925. 
pp. 465—612. ill. JM. 6. (Recd. 16/11/25.) 

From the Publishers : Herren Urban & Schwarzenburg. 

Boytze, Ropert. Paradoxa hydrostatica novis experimentis 
(maximam partem physicis ac facilibus) evicta. Oxonii 1669. 
pp. [Iii] + 210 + [iv]. (Reference.) From Dr. O. Silberrad. 

Jos, P. Les méthodes physiques appliquées a la chimie. Paris 
1926. pp. vi-+ 252. ill. 30 fr. net. (Recd. 11/12/25.) 

From the Publishers : MM. Gaston Doin et Cie. 

JOURNAL OF THE CHEMICAL INDUSTRY. Vol. I, etc. Moscow 
1924 +. [In Russian.] (for circulation.) From the Publishers. 
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. 
Laparre, F. Manuel du chimiste de laiterie : analyse du lait — 
et de ses sous-produits. Paris [1925]. pp. 168. 20 fr. (Recd. 
24/11/25.) From the Publishers : MM. Gauthier Villars et Cie. 
PaRTINGTON, JAMES Rippick. The alkali industry. 2nd edition. 
London 1925. pp. xii + 344. ill. 12s. 6d. net. (Recd. 10/12/25.) 
From the Author. 
Soctety or Learuer Trapus’ Curmistrs. Journal. Vol. VIII, 
etc., Leeds 1924 4-. (For circulation.) From Dr. M. Nierenstein. 
TINKLER, CHARLES Kunnetu, and Masters, HELEN. Applied 
chemistry : a practical handbook for students of household science _ 
and public health. Vol. II. Foods. London 1925. pp. xii-+ . 
276. ill. 15s. net. (Reed. 19/11/25.) From the Authors. 


II. By purchase. 


Amos, Percy A. Processes of flour manufacture. New edition. 
Revised by James Grant. London 1925. pp. xu-+ 312. ill. 
9s. net. (Recd. 10/12/25.) 

Barcrorr, JosEru. The respiratory function of the blood. 
Part I- Cambridge 1925. pp. xli+ 208. ill. 12s. 6d. net. 
(Recd. 10/12/25.) 

Brnratu, ALFRED. Physikalische Chemie. 2 vols. Dresden 
1925. pp. viii + 107, x + 192. M. 11.50. (Lecd. 6/11/25.) 

BLAKE, Ernest G. Enemies of timber: dry rot and the death- 
watch beetle ...and the methods to be adopted for their 
extermination. London [1925]. pp. xviii-+ 206. ill. 12s. 6d. 
net. (fecd. 10/12/25.) 

Bourcart, E. Insecticides, fungicides, and weed killers. 2nd 
English edition, revised and enlarged by Tuomas R. Burton. 
London 1925. pp. xii+ 431. ill. 15s. net. (Reed. 10/12/25.) 

Cox, Henry Epwarp. The chemical analysis of foods: a 
practical treatise on the examination of foodstuffs and the detection 
of adulterants. London 1926. pp. viii-+ 324. ill. 18s. net. 
(Recd. 10/12/25.) 

Hatscuex, Emm. An introduction to the physics and chemistry 
of colloids. 5th edition. London 1925. pp. xiv-+ 184. ill. 
7s. 6d. net. (Recd. 10/12/25.) 

Laboratory manual of elementary colloid chemistry. 2nd _ 
edition. London 1925. pp. 154. ill. 7s. 6d. net. (Recd. 
10/12/25.) 

Heaton, Noiit. Volatile solvents and thinners used in the 
paint and varnish industries. London 1925. pp. 158. 15s. net. 
(Recd. 10/12/25.) 
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Hurst, Grorcr H. Lubricating oils, fats and greases: their 
origin, preparation, properties, uses and analysis. 4th edition, 
_ revised and enlarged by Hrrpert BirtwuistLEe Stocks. London 
1925. pp. xii+ 410. ill. 12s. 6d. net. (Recd. 14/12/25.) 

JEANS, JAMES Hopwoop. The dynamical theory of gases. 4th 
edition. Cambridge 1925. pp. viii+ 444. 30s. net. (Recd. 
10/12/25.) 

Kirscuner, Karu. Zur Chemie der Ligninkérper. (Sammlung 
Vol. XXVIII.) Stuttgart 1925. 

McCienpon, J. F., and Mrpss, Gracre. Physical chemistry in 
biology and medicine. Philadelphia 1925. pp. 426. ill. 21s. net. 
(Recd. 10/12/25.) 

Matruews, ALBERT Prescott. Physiological chemistry. 4th 
edition. [New York] 1925. pp. xviii-+ 1234. ill. 30s. net. 
(Reed. 14/12/25.) 

MiuEs, WALTER Mason. Thechemistry of power plant. London 
1925. pp. 144. ill. 6s. net. (Recd. 14/12/25.) 

MoNTANISTISCHEN HocHscHULE IN LOEBEN. Berg- und Hiitten- 
minnisches Jahrbuch. Vol. 71, etc., Berlin 1923+. (Reference.) 

PovucHER, Wirt1AmM ARTHUR. Perfumes, cosmetics and soaps, 
with especial reference to synthetics. 2ndedition. Vol.I. London 
1925. pp.x-+ 298. ill. 16s. net. (Recd. 10/12/25.) | 

SinGBAHN, Manne. The spectroscopy of X-rays. Translated 
with the author’s additions by Groraz A. Linpsay. London 1925. 
pp. xii+ 288. ill. 20s. net. (Recd. 14/12/25.) 

Stites, WALTER. Photosynthesis: the assimilation of carbon 
by green plants. London 1925. pp. vili+ 268. ill. 16s. net. 
(Recd. 14/12/25.) 

TROTMAN, SAMUEL RUSSELL, and TRoTMAN, EDWARD RUSSELL. 
The bleaching, dyeing, and chemical technology of textile fibres. 
London 1925. pp. xii+ 610. ill. 30s. net. (fecd. 10/12/25.) 


IIT. Pamphlets. 


Crompton, Hottanp. Nebulium? An address to the Bedford 
College Chemical Society, November 8rd, 1925. [London 1925.] 
pp. 15. 

MENScHUTEIN, Boris N. Salt producers. (Note on history of 
Russian chemical nomenclature.) 1925. pp. 8. [In Russian. ] 
Two centuries of the Russian Academy of Science. 1925. 
pp. 16. ill. [In Russian.] , 

Mines DepartTMENT. Safety in Mines Research Board. Paper 
No. 11. Electrical exploders for shot-firing in coal mines. (A 
report of a sub-committee of the Explosives in Mines Research 
Committee.) London 1925. pp. 31. ill. 
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Mines Department. Paper No.12. The support of underground 
workings in the coalfields of Scotland. (A report of the Support of 
Workings in Mines Committee.) London 1925. pp. 24. 

Paper No. 14. Coal dust explosions. The effect of 
release of pressure on their development. By H. P. GremnwaLp 
and RicHaRD VERNON WHEELER. London 1925. pp. 12. ill. 
Paper No. 16. A new method of measuring pressures. 
By G. Attsop. London 1925. pp. 10. ill. 

SCIENTIFIC AND InDUSTRIAL RESEARCH, Department of. Food 
Investigation Board. Special Report No. 8. By the Engineering | 
Committee of the Board. The measurement of humidity in closed 
spaces. London 1925. pp. vi-+- 54. ill. 

Special Report No. 24. Experiments on the leakage 
of carbon dioxide gas from “ unventilated” holds of ships. By 
A. J. Smitu. London 1925. pp. iv + 25. ill. 
Fuel Research Board. Physical and chemical survey of the 
national coal resources, No. 5. The Lancashire coalfield. The 
Smith seam. London 1925. pp. vi + 32. ill. 

SHERWOOD, R. C. Protein survey of 1925 Minnesota wheat 
crop. State testing mill, Minneapolis. (Bulletin No. 45. State 
Department of Agriculture, Minnesota.) St. Paul, Minn. 1925. 
BY. LO. All: 

STANSFIELD, Ep@ar, Hotes, RoBERT T., and CAMPBELL, WILLIAM 
P. Analyses of Alberta Coal. (Report No. 14. Scientific and 
Industrial Research Council of Alberta.) Edmonton 1925. pp. 63. 
ill. 
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ADDITIONS TO THE LIBRARY OF THE CHEMICAL 
SOCIETY DURING THE YEAR 1925 


ABDERHALDEN, Emin. [Editor.] Handbuch der biologischen 

Arbeitsmethoden. Abt. I. Chemische Methoden, Teil 2, Heft 1, 
Teil 6, Heft iii. Abt. III. Physikalisch-chemische Methoden, 
Teil A, Hefte iv, v. Abt. XI. Methoden zur Erforschung der 
Leistungen des Pflanzenorganismus, Teil 3, Hefte i—iii. Berlin 
1924—5. ill. 

Apu ‘’L-QAsmm MuHamMap. Kitab al-‘ilm al-muktasab fi 
zira‘at adh-dhahab. Book of knowledge acquired concerning the 
cultivation of gold. The Arabic text edited with a translation and 
introduction by Eric JouN Hotmyarp. Paris 1923. pp. vi-+ 
62 + 54. 

ACTUALIT£S DE CHIMIE CONTEMPORAINE. Publiées sous la 
direction de ALBIN Hatter. 3rd series. Paris 1925. pp. viii + 
328. 

ADAMKIEWI0z, ALBERT. Die Natur und der Nahfiérthiildey OF THE 
Peptons: eine experimentelle Untersuchung zur Physiologie des 
Albumins. Berlin 1877. pp. viii + 128. MAW Of 1948 

ALLEN, Herbert Srantey. Photo-electricity. 2nd editfof. , 
London 1925. pp. xii + 320. ill. ADORE IM GT, 

ALLEN, RoBERT. Bismuth ores. (Imperial Instifvte' ton. ILLINOK 
graph on Mineral Resources.) London 1925. pp. x + 62. ul. 

Atusop, G. See Mines DEPARTMENT. Safety in Mines Research 
Board. 

ALTERTHUM, Hans. Wolfram: Fortschritte in der Herstellung 
und Anwendung in den letzten Jahren. Braunschweig 1925. pp. 

viii + 112. : 

AMERICAN CeERAMIC SocrETy. Bibliography of magnesite 
refractories. Columbus 1924. pp. 8+ 41. (Reference.) 

Bibliography of silica refractories. Columbus 1924. pp. 125. 
(Reference.) 

AMERICAN ENGINEERING CounciL. Industria] coal: purchase, 
delivery, and storage. New York 1924. pp. x + 420. ill. 

Amos, Percy A. Processes of flour manufacture. New edition. 
Revised by JAMES GRANT. London 1925. pp. xii-+ 312. ill. 
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AnpERSon, L. A. P., Howarp, ALBERT, and SIMONSEN, JOHN 
LioneL. Studies on lathyrism. I. (From the Indian J. Med. 
Research, 1925, 12.) 

ANDERSON, Rosert J. The metallurgy of aluminium and 
aluminium alloys. New York 1925. pp. xxxii+ 914. ill. 

Anpb&s, Louris Epear. Vegetable fats and oils: their practical 
preparation, purification, properties, adulteration, and examination. 
4th revised and enlarged English edition. By Hirpert Brrt- 
WHISTLE Stocks. London 1925. pp. viii + 413. ill. 

ANGELI, ANGELO. Die Analogien zwischen dem Verhalten 
einiger Derivate des Benzols und dem der entsprechenden Derivate 
der aliphatischen Reihe. Translated from the Italian by Frirz 
ARNDT. (Sammlung, Vol. XXVIII.) Stuttgart 1924. 

ANNALES DE CuimIE. Vols. II., LXIX., LXXXII., LXXXIII. 
Paris 1789, 1809, 1812. (For circulation.) [Incomplete.] 

ARENDT, Rupoutr. Technik der Experimentalchemie : Anleitung 
zur Ausfithrung chemischer Experimente. 5th edition. Edited by 
Lupwia DoERMER and Wa.urEeR Franck. Leipzig 1925. pp. 
xxviii -+ 732. ill. 

ARMSBY, HENRY PRENTISS, and Mouton, C. Ropert. The 
animal.as a converter of matter and energy: a study of the réle 
of live stock in food production. New York 1925. pp. 236. ill. 

ARNDT, Fritz. See ANGELI, ANGELO. 

ARNnou, CH. Les industries dea conservation des fruits. 3 parts. 
Vannes 1925. pp. 356, 280, 142. ill. 

ARRHENIUS, SVANTE AuGust. Chemistry in modern life. Trans- 
lated by CLirrorRD SHarruck Lronarp. New York 1925. pp. 
xvi + 286. ill. 

ASSOCIATION OF British CHEMICAL MANUFACTURERS. British 
chemicals, their manufacturers and uses: being the official directory 

. containing a full list of members, with a classified list of 
British chemicals and a note of their industrial applications. 
London 1925. pp. 212. (Reference.) 

ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. Journal. 
Vol. VII., etc. Washington 1923 +. (Reference.) 

Official and tentative methods of analysis. 2nd edition. 
Washington, D.C. 1925. pp. xvi + 536. ill. 

Aston, JAMES. See JoHNSON, J. B. 

ATACK, FREDERICK WILLIAM, assisted by LEONARD WHINYATES. 
The Chemists’ Year Book 1924. American data in collaboration 
with Francis M. TURNER, Jr. Manchester [1924]. pp. xii + 1164. 
ill. (Reference.) : 

Atwoop, Witt1amMG. See [Untrep States] NATIONAL RESEARCH 
CouNCIL. 
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Austin, Lronarp. Demonstration of rescue-apparatus, Felling, 
August 3lst, 1907. (From the Trans. Inst. Mining Engineers, 
1908.) ill. 

AUSTRALIAN JOURNAL OF EXPERIMENTAL BIOLOGY AND MEDICAL 
Science. Vol. I, etc. Adelaide 1924+. (Reference.) 

B.A.C. Bunttetin. See ScIENTIFIC WORKER. 

Baspirr, Harotp E. Sewerage and sewage treatment. 2nd 
edition. New York 1925. pp. xvi+ 516. ill. 

Back, E., and Lanpf, A. Zeemaneffekt und Multiplettstruktur 
der Spektrallinien. (Struktur der Materie in Hinzeldarstellungen.) 
Berlin 1925. pp. xii+ 214. ill. 

BAKEWELL, B. See SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Building Research Board. 

BARBAUDY, JEAN. Contribution a l’étude de la distillation 
des mélanges ternaires hétérogénes. Paris 1925. pp. iv + 156. 
ill. 

Barcrorr, JosEPH. The respiratory function of the blood. 
Part I. Cambridge 1925. pp. xii+ 208. ill. 

BARGER, GEORGE. See FREUNDLICH, HERBERT. 

Barnett, P. W. See ScrentTIFIC AND INDUSTRIAL RESEARCH. 
Building Research Board. 

Basaponna, M. See Duparc, Lovtis. 

Bassett, Henry. The theory of quantitative analysis and its 
practical application. London 1925. pp. x + 308. 

Baytiss, StR Witt1am Mappock. The nature of enzyme action. 
5th edition. London 1925. pp. viii + 200. ill. 

BEALE, JOHN Foster. See THRESH, JOHN CLOUGH. 

BECQUEREL, JEAN. La radioactivité et les transformations des 
éléments. Paris 1924. pp. 208. ill. 

BENRATH, ALFRED. Physikalische Chemie. 2 vols. Dresden 
1925. pp. viii + 107, x + 192. 

BrerG- UND HUTTENMANNISCHES JAHRBUCH. See MONTANIST- 
ISCHEN HoOcCHSCHULE IN LOEBEN. 

- Bercenvorer, Fr. See Hansiian, RuDoLr. 

BEROLZHEIMER, D. D. See WxEsT, CLARENCE JAY. 

Berry, ARTHUR JOHN. Volumetric analysis: with a chapter 
on simple gravimetric determinations. 3rd edition. Cambridge 
1925. pp. vili+ 152. ill. 

BIDWELL, GEORGE L. See Unirep States. DEPARTMENT OF 
AGRICULTURE. Department Bulletin No. 1166. 

Binuirer, JEAN. Technische Elektrochemie. 2nd edition of 
Die elektrochemischen Verfahren der chemischen Gross-Industrie. 
2nd edition. Vols. I and II. Halle (Saale) 1923-24. pp. viii + 
244, viii + 398. ill. 
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Biro, W. J. See FrRencH CoMMISSION ON THE USE oF Ex- 
PLOSIVES IN THE PRESENCE OF FIRE-DAMP IN Minus. 

BIRKBECK COLLEGE. Centenary Lectures 1823—1923. . London 
1924. pp. xiv + 178, 

BIRTWHISTLE, GEORGE. The principles of thermodynamics. 
Cambridge 1925. pp. x-+ 164. ill. 

BuakE, Ernest G. The seasoning and preservation of timber, 
London 1924. pp. xiv + 132. ill. 

Enemies of timber: dry rot and the death-watch beetle 
. and the methods to be adopted for their extermination. 
London [1925]. pp. xviii + 206. ill. 

BoaRD OF AGRICULTURE AND FIsHERIES. Statutory rules and 
orders, 1908, No. 964. Adulterations. Fertilisers and feeding stuffs. 
The fertilisers and feeding stuffs (methods of analysis) regulations, 
1908. London 1908. pp. 9. 

BOESEKEN, Jacos. The configuration of the saccharides. 2 
parts. Translated from the Dutch by Samvurn Corrry. Leyden 
[1923]. pp. vi + 72 + iv, iv + 58 + iv. 

BétrceR, WILHELM. Qualitative Analyse und ihre wissen- 
schaftliche Begriindung. 4th—7th edition. Leipzig 1925. pp. 
xvi + 644 + 34. 

Bour, Nrexts. The theory of spectra and atomic constitution. 
2nd edition. Cambridge 1924. pp.x +1388. ill. 

BonNEY, SAMUEL RoBERT. See Frrtp, SAMUEL. 

Booty, W. H. See KmrsHaw, JoHN BAKER CANNINGTON. 

Born, Max, assisted by Frieprich Hunp. Vorlesungen iiber 
Atommechanik. Vol. I. (Struktur der Materie in Einzeldarstel- 
lungen.) Berlin 1925. pp. x + 358. 

Bourcart, E. Insecticides, fungicides, and weed killers. 2nd 
English edition, revised and enlarged by Tuomas R. Burton. 
London 1925. pp. xii+ 431. ill. 

Boye, Roperr. Paradoxa hydrostatica novis experimentis 
(maximam partem physicis ac facilibus) evicta. Oxonii 1669. 
pp. [li] + 210 + [iv]. (Reference.) 

Braga, Siz WitLiIAM Henry, and Brace, WILLIAM LAWRENCE, 
X-rays and crystal structure. 5th edition. London 1925. 
pp. xii + 324. ill. 

Braace, WILLIAM Lawrence. See Brace, Sir Wu11AmM HENRY. 

BRAME, JOHN SAMUEL SrrRaFForRD. Fuel: solid, liquid and 
gaseous. 3rd edition. London 1924. pp. xvi+ 388. ill. 

BRAUNHOLTZ, WALTER Kari TuEoporEe. See STAUDINGER, 
HERMANN. 

BRITISH ASSOCIATION. Colloids Commitiee. See HatscuEx, 
Emm. 
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BritisH ASSOCIATION OF CHEMISTS. See ScIENTIFIC WORKER. 

Brown, M. Watton. See FRENcH CoMMISSION ON THE USE OF 
EXPLOSIVES IN THE PRESENCE OF FirE-DAMP IN MINEs. 

Brownine, Cart Haminton. [Editor.] Immunochemical 
studies. London 1925. pp. xiv + 240. 

Brownine, Pump Empury. See Goocu, FRANK AUSTIN. 

Brun, P. L’industrie des cyanures. Paris 1925. pp. 470. ill. 

Bunsury, Huer Mis, and Davipson, ALFRED. The industrial 
applications of coal tar products. London 1925. pp. xii + 284. 

Burr, May Sypin. See FRIEND, JOHN NEWTON. 

BURRELL, GEORGE A. The recovery of gasoline from natural 
gas, with a discussion of motor fuels. New York 1925. pp. 600. 
ill. 

Burton, Eri Franxurn. The physical properties of colloidal 
solutions. 2nd edition. London 1921. pp. viii-+ 222. ill. 

Burton, THomas R. See Bourcart, E. 

CAMPBELL, WILLIAM P. See STANSFIELD, EDGAR. 

CARPENTER, LEONARD. Mechanical mixing machinery. London 
1925. pp. 138. ill. 

CHANCE, Epwarp MacKay. See Unitep Sratzes. Department 
of Agriculture. Department Bulletin No. 1250. 

CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE 1925: a 
catalogue of heavy and fine chemicals, raw material, machinery, 
plant and equipment applicable to production industries. Compiled 
with the co-operation of leading British manufacturers by LEONARD 
Hitt. Edited by Dupiey Maurice Newitt. London 1925. 
pp- 260. ill. (Reference.) 

CHRISTIANSEN, WALTER G. Organic derivatives of antimony. 
New York 1925. pp. 230. 

Cuurcu, C.G. See Untrep States. Department of Agriculture. 
Department Bulletin No. 1250. 

CuurcH, Maraaret B. See Unirep States. Department of 
Agriculture. Department Bulletin No. 1152. 

CLARK, WILLIAM MANSFIELD. See COHEN, BARNETT. 

CLARKE, FRANK WiccLeswortH. The data of geochemistry. 
5th edition. Washington 1924. pp. 842. 

CLARKE, J. R. See GuyE, CHARLES EUGENE. 

CLéMENT, Lovis, and Rivizre, C. Matiéres plastiques; soies 
artificielles. Paris 1924. pp. 528. ill. 

CoFFEY, SAMUEL. See BOESEKEN, JACOB. 

CoFFIGNIER, CHARLES. Colours and varnishes. Translated from 
the French by A. Harvey. London 1925. pp. viii + 258. ill. 

Conen, Barnett, Gipss, H. D., and Ciark, Witi1am Mans- 
FIELD. Studies on oxidation-reduction. V. Electrode potentials 
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of simple indophenols, each in equilibrium with its reduction product. 
VI. A preliminary study of indophenols: (a) dibromo substitution 
products of phenol indophenol; (6) substituted indophenols of the 
ortho type; (c) miscellaneous. (From the U.S. Public Health 
Reports, 1924, 39.) 

CoHEN, JULIUS BEREND. Practical organic chemistry. 3rd 
edition. London 1924. pp. xvi-+ 520. ill. 

CoHEN, JULIUS BEREND, and Ruston, ArtHUR G. Smoke: a 
study of town air. [2nd] edition. London 1925. pp. xii + 108. 
ill. 

CoLLoip Sympostum MonocrapH. Papers presented at the 
second National Symposium on Colloid Chemistry, June 1924. 
Edited by Harry N. Hotmes. New York 1925. pp. viii + 368. 
ill. 

ConGRES INTERNATIONAL POUR LA RfPRESSION DES FRAUDES. 
Compte rendu des travaux du deuxiéme Congrés, 1909. Paris 
1910. pp. viii + 1496. 

CouncELL, R. W. Apologia alchymie: a re-statement of 
alchemy. London 1925. pp. xii + 88. 

CousEeNn, ARNOLD. See Hopkin, FREDERICK WILLIAM. 

CowarpD, HuBert Frank. See Mines Department. Safety in 
Mines Research Board.’ 

Cox, Henry Epwarp. The chemical analysis of foods: a 
practical treatise on the examination of foodstuffs and the detection 
of adulterants. London 1926. pp. viii+ 324. ill. 

Crompton, HotzaAnp. Nebulium? An address to the Bedford 
College Chemical Society, November 8rd, 1925. [London 1925.] 
pp. 15. 

CROSTHWAITE, P.M. See ScreNTIFIC AND INDUSTRIAL RESEARCH. 

CuMMING, ALEXANDER CHARLES. See LuNGE, GEoRGE. 

Curtz, Mapame Pierre. L/’isotopie et les éléments isotopes. 
Paris 1924. pp. 210. ill. : 

DANIELS, GEORGE WILLIAM. Refrigeration in the chemical 
industry. London 1925. pp.x+141. ill. 

Davipson, ALFRED. See BunsBuRy, Hucu MIs. 

Davies, 8. H. See JORGENSEN, ALFRED. 

Dawe, ALFRED. See Smumpxin, NEVILLE. 

DEADLY ADULTERATION and slow poisoning unmasked; or, 
disease and death in the pot and the bottle. By an enemy to 
fraud and villany. New edition. London [n.d.]. pp. viii + 190. 

DEAN, REGINALD Scotr. See TamMann, Gustav. 

DeEtBRick, Max. Illustriertes Brauerei-Lexikon. 2nd edition. 
2 vols. Kdited by F. Haypvox. Berlin 1925. pp. iv + 534, 
ii + 438. ill. (Reference.) 
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Demorsst, Dana J. See Lorp, NATHANIEL WRIGHT. 

Denny, F. E. See Unrrep States. Department of Agriculture. 
Department Bulletin No. 1250. 

Descu, Ceci, Henry. See Puysics 1n InpustTRY. 

Dickens, Frank. See Dopps, EDWARD CHARLES. 

Drxon, Waiter Ernest. A manual of pharmacology. 6th 
edition. London 1925. pp. xii + 478. ill. 

Dopps, Epwarp Cuaruss, and Dickens, Frank. The chemical 
and physiological properties of the internal secretions. London 
1925. pp. xiv-+ 214. ill. 

DorrMER, Lupwic. See ARENDT, RUDOLF. 

Dorin, Caartes. See NaAtTiIoNaL ASSOCIATION OF MASTER 
BAKERS, CONFECTIONERS AND CATERERS. 

DruckeER, Cary. See OstTwALD, [WILHELM]. 

Dusovitz, Huao. Chemische Betriebskontrolle in der Fett- 
industrie. Berlin 1925. pp. vi+ 186. ill. 

Dukes, CurHBEeRT. The bacteriology of food. London 1925. 
pp. xii+ 180. ill. 

Durarc, Lovuts, and Basaponna, M. Manuel théorique et 
pratique d’analyse volumétrique. 2nd edition. By Louis Duparc 
and Paut WENGER. Paris 1925. pp. 214. ill. 

Dyer, Heten. See VoEGTLIN, CARL. 

Eastman Kopak Company. Aerial haze and its effect on photo- 
graphy from the air. Rochester, N.Y. 1923. pp. 84. ill. 
Abridged scientific publications from the Research 
Laboratories. Vol. VIII, 1924. Rochester, N.Y. 1925. pp. 
156 + vi. ill. (Reference.) 

Exuiot, Cyr. Distillation principles. London 1925. pp. 
166. ill. 

—— Distillation in practice. London 1925. pp. 188. ill. 

Exvove, Exias. A method for the estimation of total sulfur in 
neoarsphenamine and sulpharsphenamine. (From the U.S, Public 
Health Reports, 1924, 39.) 

Emprre Moror Fuets. See InstrruTion oF AUTOMOBILE 
ENGINEERS. 

Evcxen, ARNOLD. Fundamentals of physical chemistry. Trans- 
lated and adapted from the 2nd German edition by Eric R. JETTE 
and Victor K. LaMer. New York 1925. pp. xxiv + 700. ill. 

Evans, Epwarp Victor. Cantor Lectures on a study of the 
destructive distillation of coal. London 1924. pp. 49. ill. 

Farapay, Micuarnt. See RANDELL, WILFRID L. 

Frernanpes, Francois Viro. The Indian school of Chemistry. 
The researches of Professor Ray and his pupils at Presidency 
College. (From the Presidency College Magazine, 1915, 1.) 
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Frverrest. Zeitschrift fiir Gewinnung, Bearbeitung, Priifung 
und Verwendung feuerfester Stoffe. Year I, etc. Leipzig 1925 +-. 
(feference.) 

FreLp, Samurt, and Bonney, Samuet Rosert. The chemical 
coloring of metals and allied processes. London 1925. pp. xx + 
264, ill. 

FIsHENDEN, Marcaret Wuirr. See ScleNTIFIC AND INDUSTRIAL 
Researce. Fuel Research Board. 

FITGER, PrTER. Racemisierungserscheinungen bei optisch- 
aktiven Sulfidsiuren. Lund 1924. pp. 134. 

Fournravu, Ernest. Organic medicaments and their prepar- 
ation. Authorised translation by WiLLIamM ARTHUR SILVESTER. 
London 1925. pp. x + 262. ill. 

FRANCK, WALTER. See ARENDT, RUDOLF. 

FRanzEN, Hans. Margarine. (Chemische Technologie in Einzel- 
darstellungen.) Leipzig 1925. pp. viii +100. ill. 

FRENCH CoMMISSION ON THE UsE oF EXPLOSIVES IN THE PRESENCE 
OF FIRE-DAMP IN Minzs. Report. Translated by W. J. Brrp 
and M. Watron Brown. 3 parts. Newcastle-upon-Tyne 1890- 
-91. pp. 164. ill. 

FREUNDLICH, HerBert. The elements of colloidal chemistry. 
Translated by Grorce Barger. London 1925. pp. vii + 210. 
ill. 

Frienp, Joun Newron. [Editor.] A text-book of inorganic 
chemistry. Vol. III. Part i. The alkaline earth metals. By 
May Sys Burr (née Leste). London 1925. pp. xxvi-+ 346. 
(Reference.) 

Ga‘raR ALSADIQ. See RusKa, JULIUS. | 

GAMBER, OswaLp. Die Herstellung des Cereisens und die 
Gewinnung der Chloride der seltenen Erden. Wien 1925. pp. 
viii + 126. r 

GARBE, J. B. See Nortu, Sypnry H. 

GARDNER, Henry A. Physical and chemical examination of 
paints, varnishes, and colors. 2nd edition. Washington, D.C. 
1925. pp. 376. ill. [Together with 22 circulars of the U.S. 
Standards Specification Board.] 

GARDNER, WILLIAM. Companion to the first edition of Chemical 
Synonyms and trade names. London 1925. pp. vi-+t 56. 
(Reference.) 

GEERLIGS, HENDRIK CoENRAAD PRINSEN. Cane sugar and its 
manufacture. 2nd edition. London 1924. pp. x + 342. 

Gipps, Harry Drake. See Conmn, BARNETT. ; 

Gisss, WittiAM E. The dust hazard in industry. London 1925. 
pp. 168. ill. 
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GitteTr, Horacr Wapsworts, and Mack, E. L. Molybdenum, 
cerium and related alloy steels. New York 1925. pp. 300. ill. 

GMELINS HANDBUCH DER ANORGANISCHEN CHEMIE. 8th edition. 
By Ricuarp Joser Meyer [and others]. Berlin 1924+. (fe- 
ference.) 

Gnamm, H. Die Gerbstoffe und Gerbmittel. (Chemie in 
Einzeldarstellungen, Vol. XII.) Stuttgart 1925. pp. xvi + 394. 

Goocu, Frank Austin, and Brownine, Paiip Empury. Out- 
lines of qualitative chemical analysis. 5th edition. New York 
1924. pp. viii + 184. ill. 

Goopwin, Haroip. Autoclaves and high pressure work. 
London 1925. pp. 166. ill. 

Gorr, Groraz, Spartinc, Marcus, and Scorrern, JOHN. 
Practical chemistry : including the theory and practice of electro- 
deposition; photographic art; the chemistry of food, with a chapter 
on its adulterations; and the chemistry of artificial illumination. 
London 1856. pp. xvi-+ 574. ill. 

GorTNER, Ross AIKEN. See SHARP, PAUL FRANCIS. 

GortNER, Ross AIKEN, and HorrmMan, WALTER FRED. Quan- 
titative estimation of chlorides and sulphates in expressed plant 
tissue fluids. (From the Bot. Gaz., 1924, 77.) 

Govucu, Herpert Joun. The fatigue of metals. London 1924. 
pp. xx + 304. ill. 

Grant, JAMES. See Amos, Percy A. 

Greaves, Ricuarp HENRy, and WRIGHTON, Haroxtp. Practical 
microscopical metallography. London 1924. pp. x + 125. ill. 

GREENWALD, H. P. See Minus Department. Safety in Mines 
Research Board. 

Grirrin, Epwarp L. See Unirmp States. Department of 
Agriculture. Department Bulletin No. 1149. 

GRIFFITHS, Epcar. See SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Food Investigation Board. 

Grin. Apotr. Analyse der Fette und Wachse sowie der Erzeug- 
nisse der Fettindustrie. Vol. I. Berlin 1925. pp. xii + 576. ill. 

Grin, Ricnarp. Die Einwirkung des Sulfidgehaltes auf die 
Eigenschaften von MHochofenschlacken und Hiittenzementen. 
(From Stahl und Hisen, 1925, 45.) 

GurwitscH, Leo. Wissenschaftliche Grundlagen der Erdél- 
verarbeitung. 2nd edition. Berlin 1924. pp. vi-+ 400. ill. 

Guys, CuarLtes Evckne. Physico-chemica] evolution. Trans- 
lated by J. R. Cuarke. London 1925. pp. xii + 172. 

Hauer, ALBIN. See ACTUALITES DE CHIMIE CONTEMPORAINE. 

HauszE, Epwarp. Antimony ores. (Imperial Institute Mono- 
graph on Mineral Resources.) London 1925. pp. x + 102. ill. 
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Hamitton, Auice. Industrial poisons in the United States. 
New York 1925. pp. xii + 590. 

Hancock, J. 8. See Joszpu, ALFRED FRANCIS. 

HANDBUCH DER BIocHEMIE DES MENSCHEN UND DER TIERE. 
Edited by Cart OPPENHEIMER. 2nd edition. Vol. I, etc., Jena 
1923 +-. 

HANDBUCH DER SALVARSANTHERAPIE. Edited by W. Koxiz 
and K. Zrever. Vol. II. Berlin 1925. pp. xiv + 878. ill. 

Hawnsuian, Rupour, and BrerGEenporrr, Fr. Der chemische 
Krieg: Gasangriff, Gasabwehr und Raucherzeugung. Berlin 1925. 
pp. iv + 226. ill. 

HAROLD, CHARLES Henry Haster, and Warp, ARTHUR ROKEBY. 
Report on experimental work carried out at the Army School of 
Hygiene to demonstrate that chlorine gas in association with 
ammonia gas is a more efficient sterilizer of water than chlorine 
gas used alone or chloros or bleaching powder. (From the J. Roy. 
Army Med. Corps, 1924, 41.) 

Harrow, Bengamin. See Lowy, ALEXANDER. 

Harvey, A. See CorricNier, CHARLES. 

- Hatscuex, Emm. An introduction to the physics and chemistry 

of colloids. 5th edition. , London 1925. pp. xiv + 184. ill. 

Laboratory manual of elementary colloid chemistry. 2nd 
edition. London 1925. pp. 154. ill. 
The foundations of colloid chemistry; a selection of 
early papers bearing on the subject. Edited on behalf of the 
Colloids Committee of the British Association. London 1925. 
pp. 174. 

HausBranp, Eucen. Principles and practice of industrial dis- 
tillation. Translated from the 4th German edition by Epwarp 
Howarp Tripp. London 1925. pp. xx + 300. ill. 

Haypvuck, F. See Detpritcx, Max. 

Haywarp, Carte R. See Hormann, Hetyricn Oscar. 

Heaton, Noi. Volatile solvents and thinners used in the 
paint and varnish industries. London 1925. pp. 158. 

HeNnpRick, Jamus. Some characters of Scottish soils. (From — 
the Trans. Highland & Agric. Soc. of Scotland, 1925.) 

HENNINGER, ARTHUR [RoDoLPHE Marre]. De la nature et du 
role physiologique des peptones. Paris 1878. pp. 68. 

HERON, CRAWFORD. See SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Food Investigation Board. 

Huyn, HE. Die Theorie der Hisen-Kohlenstoff-Legierungen ; 
Studien iiber das Erstarrungs- und Umwandlungsschaubild, nebst 
einem Anhang :—Kaltrecken und Glihen nach dem Kaltrecken. 
Edited by E. Wrrzen. Berlin 1924. pp. viii + 186. ill. 
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Hiecins, SypNey Herserr. A history of bleaching. London 
1924. pp. viili+ 176. ill. 

Hitt, Leonarp. See CHEmMIcAL ENGINEERING AND CHEMICAL 
CATALOGUE. 

History oF THE GREAT War. Medical Services. Vol. II. 
Including . . . gas warfare, and gas poisoning in tanks and mines. 
Edited by Str WiiL1AM Grant MacrHErson [and others]. London 
1923. pp. viii + 622. ill. 

Hopkin, FREDERICK WittiAM, and CovusEn, ARNOLD. A 
text-book of glass technology. London 1925. pp. xxiv + 552. 
ill. 

HorrMaAN, WALTER Freep. See GoRTNER, Ross AIKEN. 

Horman, Hernricu Oscar. Metallurgy of copper. 2nd edition. 
Revised by Carte R. Haywarp. New York 1924. pp. xiv + 
420. ill. 

Hormann, Franz. Die Bedeutung von Fleischnahrung und 
Fleischconserven mit Bezug auf Preisverhiltnisse. Leipzig 1880. 
pp. iv + 120. 

Hoaan, M. A. See ScirentIFIc AND INDUSTRIAL RESEARCH. 

Hoxpe, Davip. Kohlenwasserstofféle und Fette sowie der ihnen 
chemisch und technisch nahestehenden Stoffe. 6th edition. Berlin 
1924. pp. xxviii + 856. ill. 

Hoxtuies, Ropert T. See STANSFIELD, EDGAR. 

Houmes, Harry N. See Cottorp SymMpostuM MONOGRAPH. 

Hotmyarp, Eric Joun. Chemistry to the time of Dalton. 
London 1925. pp. 128. ill. 

See ABu ’L-QAsIM MUHAMMAD. 

Horpe-SeEYLER, Ernst Ferxix Immanuen. Handbuch der 
physiologisch- und pathologisch-chemischen Analyse. 9th edition. 
By Hans THIERFELDER. Berlin 1924. pp. xvi-+ 1004. ill. 

Hovzsen, Joser. Die Methoden der organischen Chemie. 3rd 
edition. Vol. I. Allgemeiner Teil. Leipzig 1925. pp. xxviii + 
1340. ill. (Reference.) 

Howarp, ALBERT. See ANDERSON, L. A. P. 

Howe, H. E. ([Editor.] Chemistry in industry: a codperative 
work intended to give examples of the contributions made to 
industry by chemistry. New York 1924. pp. xiv + 372. ill. 

Hunp, FriepRicu. See Born, Max. 

Hunter, Harorp. The chemical significance of optical dis- 
persion. [London.] 1924. pp. 117. ill. 

Hurst, Grorce H. Lubricating oils, fats and greases: their 
origin, preparation, properties, uses and analysis. 4th edition, 
revised and enlarged by Hersert Brrtwuistie Stocks. London 
1925. pp. xii-+ 410. ill. 
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Inzrinc, ALBRECHT von. Maschinenkunde fiir Chemiker. 3rd 
edition. pp. viii + 348. ill. 

ImpeRrAL Cottece CuemicaL Society. Journal. Vol. IV, 
containing the papers read during the session 1924—1925. London 
1925. pp. 54. ill. (Reference.) 

INDIAN CuEmicaL Socrery. Quarterly Journal. Vol. I, ete. 
Calcutta 1924 -+. (Two copies.) 

INDUSTRIAL CHEMIST and chemical manufacturer: a journal 
devoted to the progress of applied chemistry and chemical engineer- 
ing. Vol. I, etc. London 1925 -+. (Reference.) 

Instrrut INTERNATIONAL DE Curmin Sotvay. Premier conseil 
de chimie, tenu & Bruxelles du 21 au 27 Avril 1922. Rapports et 
discussions . . . sur cing questions d’actualité. Paris 1925. pp. 
xvi + 336. ill. (Reference.) 

INSTITUTE OF PHYSICAL AND CHEMICAL RESEARCH. Scientific 
papers. Vol. I, etc. Tokyo 1924+. (Reference.) 

INstrITuTION of AUTOMOBILE ENGINEERS. Report of the Empire 
Motor Fuels Committee: embodying other allied researches. 
London [1924]. pp. xii+ 352. ill. 

INSTITUTION OF CHEMICAL ENGINEERS. Transactions. Vol. 2, 
1924. London [1925]. pp. 110. ill. (Reference.) 

InstrruTIoNn or Crvin Encrnerers. See ScreNnvTIFIC AND INDUS- 
TRIAL RESEARCH. 

INTERNATIONAL RUBBER CONFERENCE. ‘The Rubber Conference, 
Brussels, 1924: being the Official Report .. . together with the 
papers read and the discussions thereon. London 1924. pp. 218. 
ill, 


JacoBson, Cart Axrrep. A pronouncing chemical formula 
speller and contest guide. Baltimore 1925. pp. xviii + 280. 
(Reference.) 

Jankn, ALEXANDER. Allgemeine technische Mikrobiologie. I Teil: 
Die Mikroorganismen. Dresden 1924. pp. xii+ 342. ill. 

JHANS, JAMES Hopwoop. The dynamical theory of gases. 4th 
edition. Cambridge 1925. pp. viii + 444. 

JETTE, Eric R. See EuckEN, ARNOLD. | 

Jos, P. Les méthodes physiques appliquées a la chimie. Paris 
1926. pp. vi-+ 252. ill. 

JORGENSEN, ALFRED. Micro-organisms and fermentation. 5th 
edition. Revised by the Author with the assistance of 8S. H. 
Davizs. London 1925. pp. xiv + 468. ill. 

Jounson, A. A. See [Unrrep States] Nationan RESEARCH 
CouNcIL. 

JouNnson, ALFRED Epwarp. See SuTTon, FRANCIS. 

Jounson, J. B. Materials of construction. Rewritten by M. 0. 
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Witney and Jamss Aston. Edited by F. EK. TuRNEAURE. 6th 
edition. New York 1925. pp. xx -+ 866. ill. 

JOHNSON, JAMES McIntTosH. See VoEGTLIN, CARL. 

JOSEPH, ALFRED FRaANcIs, Martin, FREDERICK JOHN, and 
Hancock, J. 8S. The electrical method for determining soil alkali. 
(From the Cairo Sci. J., 1924, 12.) 

‘JOURNAL OF THE CHEMICAL INDUSTRY. Vol. I, etc. Moscow 
1924 +. [In Russian.] (Two copies.) 

Kamm, Outver. See ORGANIC SYNTHESES. 

KeEnt-Jonges, Dougnas Wititiam. Modern cereal chemistry. 
Liverpool 1924. pp. x+ 324. ill. 
 Kerrsuaw, G. Bertram. Sewage purification and disposal. 2nd 

edition. Cambridge 1925. pp. xii + 364. ill. 

KERSHAW, JOHN BAKER CANNINGTON. Fuel economy and 
smoke prevention: being the 3rd edition of “ Smoke prevention 
and fuel economy” by W. H. Booty and J. B. C. Krrsnaw. 
London 1925. pp. xiv + 268. ill. 

Kipp, FRANKLIN. See SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Food Investigation Board. 

Kintterrer, D. H. Eminent American chemists: a collection 
of portraits of eminent Americans in the field of chemistry from 
the earliest days of the Republic to the present, together with short 
sketches of the work of each. New York [1924]. pp. v + 33 +33 
portraits. (Reference.) 

KIRKLAND, JOHN. See NatronaL ASSOCIATION OF MASTER 
BAKERS, CONFECTIONERS AND CATERERS. 

Kissi~inc, RicHArD. Chemische Technologie des Erdéls und 
der ihm nahestehenden Naturerzeugnisse: Erdgas, Erdwachs und 
Erdpech (Asphalt). 2ndedition. Braunschweig 1924. pp. xviii +- 
804. ill. 

Kiar, M. The technology of wood distillation with special 
reference to the methods of obtaining the intermediate and finished 
products from the primary distillate. Translated [from the 2nd 
German edition] by ALEXANDER Rue. With an additional 
chapter by the translator. London 1925. pp. xvi -+ 496. ill. 

Kune, AnpR&. ([Editor.] Méthodes actuelles d’expertises 
employées au Laboratoire Municipal de Paris et documents sur les 
matiéres relatives a l’alimentation. 6 vols. Paris 1921—1923. 

KuécKkrer, Ars. Die Girungsorganismen in der Theorie und 
Praxis der Alkoholg’rungsgewerbe. 3rd edition. Berlin 1924. 
pp. xviii + 448. ill. 

KtoosterR, Henry 8. van. Lecture and laboratory experiments 
in physical chemistry. 2nd edition. Easton, Pa. 1925. pp.x-+ 
274. ill. 
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K6nieticH PreussiscHun AKADEMIE DER WISSENSCHAFTEN ZU 
Bern. Monatsberichte 1876 & 1881. Berlin 1877 & 18892. 
(Reference.) 

Kotte, W. Sce HANDBUCH DER SALVARSANTHERAPIRE, 

Kopaczewsx1, W. Introduction a I’étude des colloides : état 
colloidal et ses applications. Paris [1925]. pp. viii + 226. ill. 

KORENCHEVSKY, V. See Mepicau Resrarcu Councm.,. 

KURscHNER, Karu. Zur Chemie der Ligninkérper. (Sammlung 
Vol. XXVIII.) Stuttgart 1925. 

Laparre, F. Manuel du chimiste de laiterie : analyse du lait 
et de ses sous-produits. Paris [1925]. pp. 168. 

Lapoo, Raymonp B. Non-metallic minerals: occurrence-—— 
preparation—utilization. New York 1925. pp. viii + 686. ill. 

LaMBERT, THomas. Bone products and manures: a treatise on 
the manufacture of fat, glue, animal charcoal, size, gelatin, and 
manures. 3rd edition, revised and enlarged by Herpert Birt- 
WHISTLE Stocks. London 1925. pp. viii + 284. ill. 

LaMer, Victor K. See Eucken, ARNOLD. 

Lanpf, A. See Baox, E. 

LANGE, Otto. Die Schwefelfarbstoffe. 2nd edition. (Chemische 
Technologie in Hinzeldarstellungen.) Leipzig 1925. pp. xiv + 371. 
ill. 

Laneton, Harotp McKrs. Blacks and pitches. London 1925. 
pp. 179, “ill. 

Lant, Ricoarp. See Srracuz, Hugo. 

LEATHES, JOHN BERESFORD, and Raper, HENRY STANLEY. 
The fats. 2nd edition. London 1925. pp. vui + 242. 

LEBERLE, Hans. Die Bierbrauerei. 2 vols. Stuttgart 1921-25. 
pp. xu + 307, xii + 589. ill. 

Le Branc, Max. Lehrbuch der Elektrochemie. 11th and 12th 
edition. Leipzig 1925. pp. viii + 391. ill. 

Lerpow!1z, Jesata. See PrincsHerm, Hans. 

LEONARD, CLIFFORD SHarruck. See ARRHENIUS, SVANTE 
AUGUST. 

LrEPEscHKIn, W. Lehrbuch der Pflanzenphysiologie auf physi- 
kalisch-chemischer Grundlage. Berlin 1925. pp. vi + 298. ill. 

Lesuiz, May Sys. See Frienp, Joun NewvTon. 

Levene, P. A. Hexosamines and mucoproteins. London 1925. 
pp. x + 164. 

' Levy, Srantey Isaac. The rare earths: their occurrence, 
chemistry and technology. 2nd edition. London 1924. pp. xvi + 
362. ill. 

Lewis, WILLIAM CupMoRE McCuttacH. A system of physical 
chemistry. 4th edition. Vol. II. Thermodynamics. London 
1925. pp. viii + 490. ill. 
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Linpsay, Grorce A. See SIEGBAHN, MANNE. 

Lister Institute. See MepicaAL RESEARCH COUNCIL. 

Lors, JacaquEs. Regeneration from a physico-chemical view- 
point. New York 1924. pp. xii + 144. ill. 

Lomax, JAMES. See SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Fuel Research Board. 

Lomonossow, M. W. See MENSCHUTKIN, Boris N. 

Lorp, Lronarp J. Practical butter and cheese making. 
London 1925. pp. 200. ill. 

Lorp, NaTHANIEL Wricut, and DEMOREST, Dana J. Metal- 
lurgical analysis. 5th edition. New York 1924. pp. xxii + 472. 
ill. 

Lowy, ALEXANDER, and Harrow, BENJAMIN. An introduction 
to organic chemistry. New York 1924. pp. + 390. ill. 

Lucas, ALFRED. Antiques: their restoration and preservation. 
London 1924. pp. viii + 136. 

Luner, Grorce. The manufacture of acids and alkalis. Com- 
pletely revised and rewritten under the editorship of ALEXANDER 
Cartes Cummine. Vol. IV. The manufacture of sulphuric acid 
(contact process). By Frank DovuGias Mites. London 1925. 
pp. xvi-+ 428. ill. (Reference.) 

Lutuer, [Rospert Tsomas  Drepricu]. See OSTWALD, 
[WILHELM]. 

McCLenvon, J. F., and Mrepzs, Grace. Physical chemistry in 
biology and medicine. Philadelphia 1925. pp. 426... ilk 

McGowan, F.R. See Unrren States. Department of Commerce. 
Bureau of Standards. Technologic Paper No. 273. 

Mack, E. L. See Grrtert, HoRACE WADSWORTH. 

McKzr, Ratex H. [and others]. Shale oil. New York 1925. 
pp. 326. ill. 

MacrHErson, Str WILLIAM GRANT. Sce HistoRY OF THE GREAT 
War. 

Martin, FREDERICK JoHn. See JOSEPH, ALFRED FRANCIS. 

Martin, Lovis CtaupE. Optical measuring instruments : their 
construction, theory, and use. London 1924. pp. x + 270. 

MARTINDALE, WILLIAM HARRISON, and Wesstcotr, WILLIAM 
Wynn. The extra pharmacopeia. 18th edition. Vol. Il. 
London 1925. pp. xlii-+ 728. (Reference.) 

Mason, FREDERICK ALFRED. An introduction to the literature 
of chemistry for senior students and research chemists. Oxford 
1925. pp. 42. 

Masson, Irvine. Three centuries of chemistry : phases in the 
growth of a science. London 1925. pp. 192. ill. 

Masters, Heven. See TINKLER, CHARLES KENNETH. 
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Mataarin, A. L’industrie des produits chimiques et ses tra- 
vailleurs. Paris 1925. pp. xviii + 486. ill. 

MATHEWS, ALBERT Prescorr. Physiological chemistry. 4th 
edition. [New York] 1925. pp. Xviii + 1234. ill. 

Maxwety, G. B. See Mines Deparrment, Safety in Mines 
Research Board. 

Mepes, Grace. See McCienpon, J. F. 

Mepicat Researcu Councm. Special Report Series, No. 71. 
The aetiology and pathology of rickets from an experimental point 
of view. By V. Korencuevsky. London 1922. pp. 172+ 18 
plates. 

Special Report Series, No. 77. Studies of rickets in Vienna 
1919-22. (Report to the Accessory Food Factors Committee 
appointed jointly by the Medical Research Council and the Lister 
Institute.) London 1923. pp. 230 + 13 plates. 

Special Report Series, No. 91. An investigation of the 
Salmonella group, with special reference to food poisoning. By 
WILLIaM GEoRGE Savace and P. Brucy Wuirz. London 1925. 
pp. 160. 

- —— Special Report Series, No. 92. Food poisoning: a study 
of 100 recent outbreaks. By Witt1am Grorae Savage and P. 
Bruce Wuirr. London 1925. ppg, 

Special Report Series, No. 93. Experimental rickets: the 
effect of cereals and their interaction with other factors of diet and 
environment in producing rickets. By Epwarp MeELLANBy. 
London 1925. pp. 66 + 40 plates. 

MEIER, WILLEM. Pyrazolonen. Groningen 1925. pp. 84. 

MELLANBY, Epwarp. See MEpicaL RESEARCH CouNcIn. 

MEttor, JosppH WittIaM. Modern inorganic chemistry. New 
edition. London 1925. pp. xx + 1104. ill. 
See Puysics rn Inpustry, 

MENScHUTEIN, Boris N. A_ short course of chemistry for 
technical colleges and universities. Leningrad 1925. pp. 128. [In 
Russian. ] 

M. W. Lomonossow. Moscow 1925. pp. 104. ill. [In 
Russian. ] 

Salt producers. (Note on history of Russian chemical 
nomenclature.) 1925. pp. 8. [In Russian.] ; 
Two centuries of the Russian Academy of Science. 1925. 
pp. 16. ill. [In Russian.] | 

MENSCHUTEIN, NIKOLAI ALEXANDROVICH. Analytical chemistry. 
13th edition. Leningrad 1925, pp. Xvi + 420. ill. [In Russian.] 

[Merck, Emm.] Merck’s Reagenzien-Verzeichnis: enthaltend 
die gebriuchlichen Reagenzien und Reaktionen geordnet nach 
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Autorennamen. 5th edition. [Darmstadt] 1924. pp. vi + 656. 
( Reference.) 

Meyer, Joser. See GmMevins HANDBUCH DER ANORGANISCHEN 
CHEMIE. 

Mines, Frank Doveras. See LuneE, GEORGE. 

Mines, WatteR Mason. The chemistry of power plant. London 
1925. pp. 144. ill. 

Mituer, Lewis B. Adsorption by aluminium hydrate con- 
sidered as a solid solution phenomenon. (From the U.S. Public 
Health Reports, 1924, 39.) 

Mruuikan, Rosert ANDREWS. The electron: its isolation and 
- measurement and the determination of some of its properties. 2nd 
edition. Chicago 1924. pp. xiv + 293. ill. 

Mines Department. Safety in Mines Research Board. Second 
Annual report, 1923, etc. London 1924 ++. 

Paper No. 7. Explosives in Mines Research Committee. 
Second report 1924, ete. London 1925 -+-. 

Paper No. 8. The ignition of fire-damp. By HuBERT 
Frank Cowarp and RicHARD VERNON WHEELER. London 1925. 
pp. 25. ill. 


Paper No.9. The lag on ignition of firedamp. By C. A. 
Naytor and RicHaRD VERNON WHEELER. London 1925. pp. 
16. ill. 


Paper No. 10. Firedamp explosions within closed vessels. 
The effects of turbulence. By G. B. Maxwett and RicHaRp 
Vernon WHEELER. London 1925. pp. 12. ill. 

Paper No. 11. Electrical exploders for shot-firing in 
coal mines. (A report of a sub-committee of the Explosives in 
Mines Research Committee.) London 1925. pp. 31. ill. 

| Paper No. 12. The support of underground. 
workings in the coalfields of Scotland. (A report of the Support of 
Workings in Mines Committee.) London 1925. pp. 24. 

Paper No. 13. Stone dust as a preventive of coal 
dust explosions. Comparative tests. By G.S. Ricr and RIcHARD 
VERNON WHEELER. London 1925. pp. 15. ill. 

Paper No. 14. Coal dust explosions. The effect of 
release of pressure on their development. By H. P. GREENWALD 
and RicHARD VERNON WHEELER. London 1925. pp. 12. ill. 
Paper No. 16. A new method of measuring pressures. 
By G. Attsop. London 1925. -pp. 10. ill. 

Mruistry or Hzatru. Final Report of the Departmental Com- 
mittee on the use of preservatives and colouring matters in food. 
London 1924. pp. 84. 

Monrer-Wituiams, Gorpon WickuaM. The solubility of glazes 
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and enamels used in cooking utensils. (M wnistry of Health Reports 
on Public Health and Medical Subjects. No. 29.) London 1925. 
pp. iv +17. 

MONTANISTISCHEN HocHSCHULE IN LOEBEN. Berg- und Hiitten- 
minnisches Jahrbuch. Vol. 71, etc., Berlin 1923 +. (Reference.) 

Moorz, Ricuarp B. [and others]. Analytical methods for 
certain metals including cerium, thorium, molybdenum, tungsten, 
radium, uranium, vanadium, titanium, and zirconium. (Bureau of 
Mines Bulletin, No. 212.) Washington 1923. pp. xviii + 326. ill. 

Morewoop, A. Patmer. Shaw’s gas tester, for detecting the | 
presence of small percentages of gas in colliery workings. London 
1896. pp. 18. ill. | 

MorRIcE, ALEXANDER. A treatise on brewing: wherein is 
exhibited the whole process of the art and mystery of brewing the 
various sorts of malt liquor; with practical examples upon each 
species. ‘Together with the manner of using the thermometer and 
saccharometer; elucidated by examples, and rendered easy to any 
capacity, in brewing London porter [etc.]. London 1802. pp. 
[xii] + v to 180 + [xii]. ill. (Reference.) 

Movtton, C. Roperr. See Armspy, Henry PRENTISS. 

MUuier, Ericu. Elektrochemisches Praktikum. 4th edition. 
Dresden 1924. pp. xvi + 264. ill. . 

Nacaoka, Hanraro. Anniversary volume. By his friends and 
pupils on the completion of 25 years of his Professorship. Tokyo 
1925. pp. xvi + 424. ill. 

Namani, Icuiraro. The electrolytic separation of magnesium 
from magnesia. Sakai 1924. pp. iv-+ 160. ill. 

NaMETKIN, S. Die Umlagerung alizyklischer Kerne ineinander. 
(Sammlung, Vol. XXVIII.) Stuttgart 1925. 

NATIONAL ASSOCIATION OF MASTER BAKERS, CONFECTIONERS 
AND CATERERS. Reports on research at the National Bakery 
School (Borough Polytechnic Institute), London, conducted by 
CHARLES DoréEe and JoHn KIRKLAND. (From the Nat. Assoc. 
Review, 1925.) 

National BenzoLe Association and University oF LEEDS. 
Joint Benzole Research Committee. Second report. London 1925. 
pp. 246. ill. 

NatTionaL Puystcan Lasoratory. M etrology Department. 
Verification of weights: testing of balances: determination of 
densities. 1925. pp. 28. 

National UNIon or Sorentiric Workers. See SCIENTIFIC 
WORKER. 

Naytor, C. A. See Mines Department. Safety in Mines 
Research Board. 
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NEDERLANDSCH-INDISCHE APOTHEKERS- VEREENIGING. Pharma- 
ceutisch Tijdschrift voor Nederlandsch-Indié: tijdschrift voor 
apothekers en apotheekhoudende geneeskundigen. Year I, ete. 
Weltevreden 1924 +. (Reference.) 

Nernst, WALTHER. Die theoretischen und experimentellen 
Grundlagen des neuen Warmesatzes. Ond edition. Halle (Saale) 
1924. pp. viii + 232. ill. 

Newitt, DupLEy MAURICE. See CHEMICAL ENGINEERING AND 
CHEMICAL CATALOGUE. 

Newman, Frank Herpert. The production and measurement 
of low pressures. London 1925. pp. 192. ill. 

Nieett, Pavt. Lehrbuch der Mineralogie. 2nd_ edition. I. 
Allgemeine Mineralogie. Berlin 1924. pp. xvi-+ 713. ill. 

Norts, SypNsey H., and GaARBE, J. B. Low temperature dis- 
tillation, home oil supply and the utilization of ‘‘ waste ”’ coal. 
London 1925. pp. vi-+ 216. ill. 

Norra or EneLanp INSTITUTE OF MiInInG AND MECHANICAL 
Encinrzrs. Report of the Committee appointed to enquire into 
the explosion of an air receiver at Ryhope Colliery. (From the 
Trans. N. England Inst. Min. & Mech. Eng., 1888, 37.) ill. 

Nucry, A. L. Oil refinery specifications. Easton, Pa. 1924, 
pp. x + 210. ill. 

O’Brien, W. B. Factory practice in manufacture of azo dyes. 
Easton, Pa. 1924. pp. viii + 176. ill. 

OPPENHEIMER, CARL. See HANDBUCH DER BIOCHEMIE DES 
MENSCHEN UND DER TIERE. 

Orcanic SYNTHESES: an annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. IV. 
Edited by OtivER Kam (and others]. New York 1925. pp. 
viii + 90. | 

OstwaLp, [WILHELM], and LUTHER [RoBERT THOMAS DIEDRICH]. 
Hand- und Hilfsbuch zur Ausfihrung physikochemischer Messungen. 
Ath edition. Edited by CanL DRUCKER. Leipzig 1925. pp. XX + 
814. 

Orro, M. P. Lrindustrie des parfums d’aprés de la chimie 
moderne. Notations et formules. 2nd edition. Paris 1924. pp. 
xliv + 688. ill. 

OwxEs, ARCHIBALD BEWICK. See SINNATT, FRANK STURDY. 

Oxuey, A. E.. See PHysics IN INDUSTRY. 

Parry, Ernest JOHN. Parry’s cyclopeedia of perfumery. 2 vols. 
London 1925. pp. vi + 840. (Reference.) 

PaRTINeToN, JAMES Rippick. A text-book of inorganic chem- 
istry for university students. 2nd edition. London 1925. pp. 
xii + 1068. ill. 
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PARTINGTON, JAMES Rippick. The alkali industry. 2nd edition. 
London 1925. pp. xii + 344. ill. 

Patten, NaTHan van. Bibliography of the corrosion of metals 
and its prevention. Kingston, Canada 1924. pp. iv+ 186. 
(Reference.) 

Patterson, AustIN M. A German-English dictionary for 
chemists. 5th printing, with addenda. New York 1924. pp. 
xvi + 344. (Reference.) 

PERKIN, FREDERICK Mottwo. Recent progress in the peat 
problem. Paper read before the British Association at Southampton 
on August 27th, 1925. London 1925. pp. 24. ill. 

PHARMACEUTISCH TIJDSCHRIFT VOOR NEDERLANDSCH-INDIi. See 
NEDERLANDSCH-INDISCHE APOTHEKERS-VEREENIGING. 

Putuip, JAMES CHARLES. Physical chemistry: its bearing on 
biology and medicine. 3rd edition. London 19265. pp. viii + 
368. ill. 

Puysican Society or Lonpon, 1874—1924. Proceedings at the 
Jubilee Celebration Meetings, March 20, 21 and 22, 1924. [London 

1924.] pp. vi+ 72. ill. (Reference.) 

'  Puysics In Inpustry. Lectures delivered before the Institute 
of Physics. Vol. II. By Josep Wriam Matxor, A. E. OXLEY, 
and Crci, Henry Descu. London 1924. pp. 48. ill. 

PLIMMER, Ropert Henry ADERS, and PurvMER, ViIoLteT G. 
Food and health. London 1925. pp. vi-+ 64. ill. | 

PurmMeEr, VioLeT G. See Puummer, Ropert Henry Apers. 

POGGENDORFF, JOHANN CHRISTIAN. Biographisch-literarisches 
Handworterbuch. Vol. V. 1904 to 1922. Edited by P. Wetn- 
MEISTER. Parti. Leipzig 1925. pp. iv + 696. (Reference.) 

Poorzt, Homer D. See Unirep Sratss. Depariment of Agri- 
culture. Department Bulletin No. 1323. . 

PovucHer, Witt1AmM ARTHUR. Perfumes, cosmetics and soaps, 
with especial reference to synthetics. 2ndedition. Vol.I. London 
1925. pp. x-+ 298. ill. 

Preuss, E. Die Fabrikation des Stairkezuckers, des Starke- 
zuckersirups und der Zuckerkulér mit besonderer Beriicksichtigung 
des Betriebes. Leipzig 1925. pp. xvi + 320. ill. 

PRINGSHEIM, Hans, with the collaboration of JESAIA LEIBOWITZ. 
Zuckerchemie. Leipzig 1925. pp. xii + 322. 

Puia, P. Ianacto. Teoria de las valencias positivas y negativas. 
Barcelona 1924. pp. 31. ill. | 

PuiceaRI, Hugo. Fenémenos de transporte eléctrico en un 
hidrosol de oxido férrico. Trabajo presentado al ler Congreso 
Sudamericano de Quimica. Buenos Aires 1924. pp. ll. 

PunsiFER, H. B. Structural metallography : an illustrated text 
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with laboratory directions for students. Easton, Pa. 1924. pp. 
viii + 210. ill. 

R. SrazIoNE SPERIMENTALE PER 1INDUSTRIA DELLE PELLI E 
DELLE MATERIE CONCIANTI Napout-Tortno. Bolletino Ufficiale. 
Year I, ete. Torino 1923 +. (Reference.) 

Rapium. Le vingt-cinquiéme anniversaire de la découverte du 
radium (1898-1923). [Paris n.d.] pp. 86. 

RANpELL, Witrrip L. Michael Faraday (1791—1867). London 
1924. pp. 192. ill. , 

Raper, HENRY STANLEY. Sce LEATHES, JOHN BERESFORD. | 

Rav, Mapyar Gopal. The constituents of some Indian 
essential oils. Part XVI. (From the Indian Forest Records, 
1924, 11.) 

Rav, MapyaR GOPAL, and SIMONSEN, JOHN LIONEL. The con- 
stituents of some Indian essential oils. Part XVII. (From the 
Indian Forest Records, 1925, 41.) 

Ray, Sm PRAFULLA CHANDRA. Acharyya Prafulla Chandra 
Ray and his many-sided activities. By an admiring pupil. Calcutta 
1924. pp. vi+ 79. ill. 

See FeRNANDES, FRAnNcIS VITO. 

Ray, PrryvapA RANJAN. Chemical research in India. (From 
the Calcutta Review, 1925.) 

Rector, Tsomas M. Scientific preservation of food. New 
York 1925. pp. xii + 214. | 

RepGRAve, GimLBert R. See ScrentTIFIC AND INDUSTRIAL 
RESEARCH. 

Rei, EBENEZER EMMET. Introduction to organic research. 
(New York 1924.] pp. viii + 344. 

Resparcu ASSOCIATION OF BRITISH Fiour-Mituers. Bulletin. 
No. 1, etc. London 1924 +. (Reference.) 

Revue G&ntRaLE DES COLLOIDES et de leurs applications 
industrielles. Year I, etc. Paris 1923 +. (Two copies.) 

— Bice, G. 8. See Minus DEPARTMENT. Safety in Mines Research 
Board. 

Ricumonp, Henry Droop. The laboratory book of dairy 
analysis. 3rd edition. London 1925. pp. viii 118. ill. 

Rixnz, Frrepricu. Crystals and the fine-structure of matter. 
Translated by WaLTER S. STILES. London 1924. pp. x + 196. 
Ristenpart, Evcen. Chemische Technologie der organischen 
Farbstoffe. 2nd edition. Leipzig 1925. pp. xiv + 300 + 12 pat- 
tern plates. ill. 

Rivizre, C. See Criment, Lovis. 

Rostnovircu, Louise G., and STILES, Grorce W. A chemical 
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basis for the treatment of tuberculosis : experiments on the action 
of steapsin and insulin on tubercle bacilli, (From the Amer. Rev. 
Tuberculosis, 1924, 9.) 

Ross, F. E. The physics of the developed photographic image. 
Rochester, N.Y. 1924. pp. 218. ill. 

RoTHAMSTED EXPERIMENTAL STATION. Report 1923-24 with 
the supplement to the “ Guide to the experimental plots ”’ con- 
taining the yields per acre, etc. Harpenden 1925. pp. 130. ill. 
(Reference.) 

Roya TEcHNicat CoLuzce, [GLascow]. Journal: being a 
record of some of the research work carried out in the College by 
the staff and senior students. No. 1. Glasgow 1924. pp. 1388. 
ill. (Reference.) 

Rute, ALEXANDER. See Kuar, M. 

RumBoip, W. G. Bauxite and aluminium. (Imperial Institute 
Monograph on Mineral Resources.) London 1925. pp. x + 110. 
ill. 


Ruska, Jutius. Arabische Alchemisten. II, Ga‘far alSadiq, 
der sechste Imam. Mit einer Nachbildung der Handschrift 
- Gotha A. 1292 (Haleb 338) in Manuldruck. Heidelberg 1924. 
pp. 128 + 62. 

RussIAN PHysIcaL AND CHEMICAL Society. J ournal. [Chemical 
Section.] Vol. 55, part 5, etc., Leningrad 1924 +. [In Russian.] 
(for circulation.) 

Ruston, ARTHUR G. See CoHEN, JULIUS BEREND. 

SAavaGE, WILLIAM GrorcEr. See MEDICAL RESEARCH CoUNCIL. 

SCHAEFFER, HERMANN. See ZIPPERER, PAUL. 

SCHOFFSTALL, CHarRLes W. See Unrrep Sraras. Department 
of Commerce. Bureau of Standards. Technologic Paper No. 273. 

Scuotz, Scuacuna PuIsacn. Synthetic organic compounds. 
London 1925. pp. 412. ill. 

SCHRODER, —. See ZIPPERER, PAvu. 

SCIENTIFIC AND INDUSTRIAL Resrarcu, Department of. 
Report of test by the Director of Fuel Research on Parker low 
temperature carbonisation plant installed at Barugh, Barnsley, at 
the works of Low Temperature Carbonisation, Ltd. Test carried 
out July 22nd to 24th, 1924. London 1924. pp. iv + 24. ill. 
Report of test by the Director of Fuel Research on the 
carbonisation plant of Midland Coal Products, Ltd., Netherfield, 
Nottingham. Tests carried out January 20th to 23rd, 1925. 
London 1925. pp. vi-+ 23. ill. 

River gauging : a report on methods and appliances suitable 
for use in Great Britain. By M. A. Hogan. London 1925. pp. 
vili + 80. ill. 
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Screntisic AND InpusrriAL Researcu, Department of. 
Deterioration of structures of timber, metal, and concrete exposed 
to the action of sea-water. Fifth (interim) report of the Committee 
of the Institution of Civil Engineers. Edited by P.M. CRosTHWAITE 
and GitBert R. RepGRAvE. London 1925. pp. viii + 66. ill. 
First Report of the Fabrics Co-ordinating Research Com- 
mittee. London 1925. pp.iv+ 70. ill. 

Building Research Board. Bulletin No. 1. Jointless (mag- 
nesium oxychloride) floors. By P. W. BARNETT and B. BAKEWELL. 
London 1925. pp. iv + 26. ill. 

Food Investigation Board. Special Report No. 8. By the 
_ Engineering Committee of the Board. The measurement of 
humidity in closed spaces. London 1925. pp. vi + 54. ill. 
Special Report No. 20. The problems of apple trans- 
port overseas : a general survey and summary of the results obtained 
by a scientific expedition to Australia in 1923. By Franxiin Kipp 
and Cyriz West. London 1924. pp. vi + 16. ill. 

Special Report No. 21. The “oas”? content and 
ventilation of refrigerated holds carrying apples. (Second Report 
on the Australian Expedition, 1923.) London 1925. pp. iv + 36. 
ill. 


—— Special Report No. 22. Brown heart in Australian 
apple shipments. (Third Report on the Australian Expedition, 
1923.) London 1925. pp. vi+ 28. ill. 

Special Report No. 23. Functional diseases of apples 
in cold storage. By FRANKLIN Kipp and Cyrit West. London 
1925. pp. 15 + xiii plates. 

Special Report No. 24. Experiments on the leakage 
of carbon dioxide gas from “ unventilated”’ holds of ships. By 
A. J. Smrrg. London 1925. pp. iv + 25. ill. 

Special Report No. 25. The handling and transport 
of fish. By Epcar GRIFFITHS and CRAwrorD Heron. London 
1925. pp.iv-+ 25. ill. 

Fuel Research Board. Fuel for motor transport. Third 
memorandum. Power alcohol from tuber and root crops in Great 
Britain. London 1925. pp. vi-+ 37. 

Physical and chemical survey of the national coal 
resources, No. 4. The Lancashire coalfield; the Ravine seam. 
Part i. London 1925. pp. vi-+ 34. 

Physical and chemical survey of the national coal 
resources, No. 5. The Lancashire coalfield: the Smith seam. 
London 1925. pp. vit 32. ill. 

Technical Paper No. 10. Carbonisation of coal in 
continuous vertical retorts. A South Wales gas coal. (Mixture 
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of Pentre and No. 3 Rhondda Seams from the Meiros Collieries, 
Llanharan.) London 1924. pp. iv + 26. ill. 

SCIENTIFIC AND InpUsTRIAL RESEARCH, Department of. 
Fuel Research Board. Technical Paper No.11. The microstructure 
of a coal seam. By Jamus Lomax. London 1925. pp.iv+ 14+ 
24 plates. 


Technical Paper No. 12. The heating of rooms: a 
comparison of the costs of different methods on the basis of warmth 
comfort. By Marcarer Wuitr FIsHENnpEN, assisted by RoBeErt 
ERNEST WILLGRESS. London 1925. pp. iv + 48. 

Technical Paper No. 13. The domestic grate: an 
experimental investigation of the relation between the design of a 
grate and the heat radiated into a room. By Marcaret WHITE 
FIsHENDEN. London 1925. pp. iv + 25. ill. 

Technical Paper No. 14. The enrichment of coal gas by 
the injection of oil into the retorts during carbonisation. London 
1925. pp. vi+6l. ill. | 

ScIENTIFIC WorKER, The, and the B.A.C. Bulletin. Official 
organ of the National Union of Scientific Workers and the British 
Association of Chemists. New series. Vol. I, etc. London 
1924 +. (Reference.) 

SCOFFERN, JoHN. See Gorn, GEoRGE. 

SEYMOUR, HarrTLanp. Agitating, stirring and kneading 
machinery. London 1925. pp. 140. ill. 

SHARP, Pau Francis, and GoRTNER, Ross Arkun. Viscosity 
as a measure of hydration capacity of wheat flour and its relation 
to baking strength. (Univ. Minnesota Agric. Hxper. Station, 
Technical Bulletin No. 19.) St. Paul 1923. pp. 1195 =k 

SHERMAN, Henry Crapr. Food products. 2nd edition. New 
York 1924. pp. xiv + 688. ill. 

SHERWOOD, R.C. Protein survey of 1925 Minnesota wheat crop. 
State testing mill, Minneapolis. (Bulletin No. 45. State Department 
of Agriculture, Minnesota.) St. Paul, Minn. 1925. pp. 15. ill. 

SIEGBAHN, Manne. The spectroscopy of X-rays. Translated 
with the author’s additions by Groner A. Lanpsay. London 1925. 
pp. xii + 288. ill. 

SILVESTER, WILLIAM ARTHUR. See FOURNEAU, ERNEST. 

Sim, James. Steam condensing plant in theory and practice. 
London 1925. pp. xiv + 272. ill. 

Smmonsen, Jonny Lionzn. The constituents of some Indian 
essential oils. Parts XIII—XV. (From the Indian Forest Records, 
1924, 11.) 

See ANDERSON, L. A. P. 
—— See Rav, Mapyar Gopat. 
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Simpkin, Nevintn. See SINNatTt, FRANK STURDY. 

Simpktn, NevILLe, and Dawe, ALFRED. Boiler feed water 
(supply, softening and control in colliery practice). (Lancs. & 
Cheshire Coal Research Assoc. Bulletin No. 16.) London 1925. 
pp. 45. 

SinnaTT, Frank Sturpy, SIMPKIN, NeEvILLE, and OWLES, 
ARcHIBALD Bewrck. The inorganic constituents of coal. Part IV. 
The melting point of coal ash. (Lancs. & Cheshire Coal Research 
Assoc. Bulletin No. 14.) London 1924. pp. 24. ill. 

Smiru, A. J. See SCIENTIFIC AND INDUSTRIAL RusEaRcH. Food 
Investigation Board. 

_ S§mitru, SYDNEY. Forensic medicine: a text-book for students 
and practitioners. London 1925. pp. xiv + 498. ill. (Reference.) 
Surrner, F. W. See Untrep Starnes. Department of Commerce. 

Bureau of Standards. Technologic Paper No. 273. 

SmytuE, JouN ArmstRonG. On nitrosopinene. London 1898. 
pp. 19. 

Two newly-discovered whin-dykes on the coast of 

Northumberland. (From the Trans. Nat. Hist. Soc. Northumber- 

land, 1914, N.S. 4). 

Socrtri CHIMIQUE DE BELGIquE. See Sprina, WALTHERE. 

Socrery or Cuemican Inpustry. Chemical Engineering Group. 
Proceedings. Vols. V & Via 1923-1924. London [1925]. pp. 
130. ill. (Reference.) 

Socrety oF LEATHER TRADES’ CHEMISTS. Journal. Vol. VIII, 
etc., Leeds 1924 +. (For circulation.) 

SomMERFELD, ARNoLD. Atombau und Spektrallinien. 4th 
edition. Braunschweig 1924. pp. xii + 862. ill. 

Spartinec, Marcus. See GoRE, GEORGE. 

SpreELMANN, PERCY EDWIN. Bituminous substances : scientific 
progress of practical importance during the last fifteen years. 
London 1925. pp. xvi + 206. ill. 

-Sprinc, WALTHERE. (iuvres completés, publiées par la Société 
Chimique de Belgique. 2 vols. Bruxelles 1914-1923. pp. iv + 
900, iv, 901 to 1860. ill. 

Sproxton, Foster. Cellulose ester varnishes. London 1925. 
pp. 178. ill. 

SraNSFIELD, EDGAR, Hotes, Rosert T., and CAMPBELL, WILLIAM 
P. Analyses of Alberta Coal. (Report No. 14. Scientific and 
Industrial Research Council of Alberta.) Edmonton 1925. pp. 63. 
ill. 

Sraus, H. Insulin: Darstellung, Chemie, physiologische und 
therapeutische Anwendung. 2nd edition. Berlin 1925. pp. vi + 
178. ill. 
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STAUDINGER, Hermann. Introduction to qualitative organic 
analysis. Authorised translation by Water THEODORE Kar 
BRauNnHOLTz. London 1925. pp. xvi+ 112. 

STERN, ARTHUR LANDAUER. Contributions to the chemistry of 
cellulose. I. Cellulose sulphuric acids. London 1894. pp. 28. 
(Two copies.) 

STILES, GEORGE W. See Roginovircu, Louise G. 

STILES, WALTER. Photosynthesis: the assimilation of carbon 
by green plants. London 1925. pp. vili + 268. ill. 

STILES, WALTER S. See RINNE, FRIEDRICH, 

STILLMAN, JOHN Maxson. The story of early chemistry. New 
York 1924. pp. xiv + 566. 

Stocks, HERBERT Birtwuistiy. See Anpés, Louts Epaar. 

See Hurst, Grorcer H. 
See LAMBERT, THOMAS. 

STRACHE, Hugo, and Lant, Ricuarp. Kohlenchemie: Ent- 
stehung und chemisches Verhalten der Kohlen und ihrer Bestand- 
teile ; Untersuchungen der Kohlen. Leipzig 1924. pp. xvi + 600. 
ill. 

SUTTON, FRaNcrs. A systematic handbook of volumetric analysis. 
llth edition. Revised throughout, with numerous additions, by 
Witt1am Lincotne Sutron and ALFRED EDWARD JOHNSON. 
London 1924. pp. x + 630. ill. 

Sutton, Winu1AM LIncoLng. See SurtTon, FRANCIS. 

SWENSON, LEs~re Geratp. See TAMMANN, GUSTAV. 

SYDNEY TECHNICAL CoLLEGE CuEmicaL Socrery. Journal and 
Proceedings for 1922. Vol. I. Sydney 1924. pp. 88. ill. (Re- 
ference.) 

TABLES ANNUELLES DE ConsTANTEs et données numériques de 
chimie, de physique et de technologie. Vol. V. 1917-1922. 
Part i. Paris 1925. pp. xlii + 804. (Reference.) 

TamMann, Gustav. A text-book of metallography : chemistry 
and physics of the metals and their alloys. Translated from the 
rd German edition . . . by Ruarnanp Scorr Dzan and LESLIE 
GERALD Swenson. New York 1925. pp. i + 388. ill. 

Taytor, Huaeu Srorr, [Editor.] A treatise on physical 
chemistry : a co-operative effort by a group of physical chemists. 
2 vols. London 1924. pp. xi + 604 + 42, x + 701 to 1360 + 
42. ill. ; 

THIERFELDER, Hans. See Hoppse-SEyLer, Ernst Fer 
IMMANUEL. 

THompson, Mavricr pe Kay. Theoretical and applied electro- 
chemistry. Revised edition. New York 1925. pp. xx + 552. ill. 

Tompson, R. Campsetn. On the chemistry of the ancient 
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Assyrians. London 1925. pp. 157 + 6 plates. [In mimeograph 
form. |] 

Toms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. II. Parts iiandiii. Vol, HI. 
Parts i-iv. Vol. IV. Partsiandii. Berlin 1924-5. ill. 

THomsoN, Sir JosEPH Joun. The electron in chemistry : being 
five lectures delivered at the Franklin Institute, Philadelphia. 
[Philadelphia] 1923. pp. vi+ 144. ill. 

THORPE, JOCELYN Fretp, and WHITELEY, MartHa ANNIE. A 
student’s manual of organic chemical analysis, qualitative and 
quantitative. London 1925. pp. x + 250. ill. 

THRESH, JOHN CLouGH, and BEALE, JOHN Foster. The examin- 
ation of waters and water supplies. 38rd edition. London 1925. 
pp. xiv + 590. ill. 

Trpa. Revue Générale de Teinture Impression Blanchiment 
Apprét et de Chimie Textile et Tinctoriale et Revue de la Soie 
Artificielle. Year II, etc. Paris 1924+. (Reference.) 

TINKLER, CHARLES KENNETH, and MASTERS, Heten. Applied 
chemistry : a practical handbook for students of household science 
and public health. Vol. H. Foods. London 1925. pp. xii + 
276. ill. 

TREADWELL, W.D. Elektroanalytische Methoden. Berlin 1915. 
pp. x + 233. ill. 

Tripp, EpwaRD Howarp. See HAUSBRAND, EUGEN. 

TROBRIDGE, FREDERICK GrorGE. Uber die Ester- und Amid- 
Sauren der Itaconsiure. Beuel a. Rh. 1910. pp. 36. 

TRoTMAN, Epwarp RusseLL. See TROTMAN, SAMUEL RUSSELL. 

TRoTMAN, SAMUEL RussELL, and TROTMAN, EpWaARpD RUSSELL. 
The bleaching, dyeing, and chemical technology of textile fibres. 
London 1925. pp. xii-+ 610. ill. 

Tuncay, SypNey J. Acid-resisting metals. London 1925. pp. 
136. ill. 

TURNEAURE, F. E. See Jounson, J. B. 

TuRNER, Francis M. See ATAcK, FREDERICK WILLIAM. 

TurNER, J. A. Mercurial poisoning : a report on poisoning from 
small quantities of mercurial vapor. (From the U.S, Public Health 
Reports, 1924, 39.) 

Unrrep Kinepom. Permanent Consultative Commattee on Official 
Statistics. Chuide to current official statistics of the United Kingdom. 
Vol. IL (1923): being a systematic survey of official statistics 
published mainly in 1923, together with an appendix relating to 
selected statistical publications issued prior to 1923. London 1924. 
pp. 306. (Reference.) 

Unirep Starrs. Department of Agriculture. Department 
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Bulletin No. 1149. Absorption and retention of hydrocyanie acid 
by fumigated food products. By Epwarp L. GRIFFIN [and others]. 
Washington 1923. pp. 16. ill. 

UniteD States. Department of Agriculture. Department 
Bulletin No. 1152. Soy and related fermentations. By MareaRretT 
B. Cuurcu. Washington 1923. pp. 26. ill. 

Department Bulletin No. 1166. Apple by-products as 
stock foods. By G. P. Watton and Gnoraz L. BIDWELL. 
Washington 1923. pp. 40. ill. 


composition of California cantaloupes and their commercial maturity. 
By Epwarp MacKay Cuancz, C. G. CuurcH, and F. E. Denny. 
Washington 1924. pp. 26. ill. 

Department Bulletin No. 1323. Citrus pectin. By 
Homer D. Poorz. Washington 1925. pp. 19. 

Department of Commerce. Bureau of Standards. Tech- 
nologic Paper No. 273. Performance tests of a liquid laundry soap 
used with textile materials. By F. R. McGowan, F. W. SMITHER, 
and Cuartus W. Scnorrstatn. Washington 1924. pp. 26. ill. 

[Untrep States] Nationa, Reszarcn Councr. Division of 
Engineering and Industrial Research. Marine structures, their 
deterioration and preservation : report of the Committee on 
Marine Piling Investigations. By Wrt11am G. Arwoop and A. A. 
JOHNSON [and others]. Washington, D.C. 1924. pp. viii + 534. 
ill. 

University or Lezps. See Nationa BenzotE ASSOCIATION. 

Urpain, Grorces. L’énergétique des réactions chimiques. 
Legons professées & la Sorbonne. Paris [1924]. pp. viii + 268. ill. 
Les notions fondamentales d’élément chimique et d’atome. 
Paris 1925. pp. iv + 172. 

VEDDER, Epwarp B. The medical aspects of chemical warfare. 
With a chapter on the naval medical aspects of chemical warfare 
by Duncan C. Watton. Baltimore 1925. pp. xvi + 328. ill. 

VOEGTLIN, CARL, JOHNSON, JAMES MoInrtosx, and Dyrr, HELEN. 
Viscosity and toxicity of arsphenamine solutions. (From the U.S. 
Public Health Reports, 1924, 39.) 

Waals, JOHANNES DIDERIK VAN DER. The continuity of the 
liquid and gaseous states. (From Physical Memoirs, 1890, 1.) 
pp. vi + [164]. 

Watton, Duncan C. See VeppeR, Epwarp B. 

Watton, G. P. See Unrrep Starns. Department of Agriculture. 
Department Bulletin No. 1323. 

Warp, ARTHUR ROKEBY. See HAROLD, CHARLES Henry HASter. 

WEINLAND, Rupotr. Einfiihrung in die Chemie der Komplex- 


Department Bulletin No. 1250. Relation between the 
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Verbindungen (Wernersche Koordinationslehre) in elementarer 
Darstellung. 2nd edition. Stuttgart 1924. pp. xx/4- 538. ill. 

WeuMEIstEeR, P. See PoaGeNDORFF, JOHANN CHRISTIAN. 

Wetcu, Marcus Batpwin. Notes on strength of timbers: 
with list of transverse tests on specimens in the Technological 
Museum. (Sydney Z'echnological Museum Bulletin, No. 6.) Sydney 
1923. pp. 12. | 

Weutines, A. W. Chemical symbols, formulz and calculations. 
London 1925. pp. viii + 96. 

Wetts, Harry Gipron. The chemical aspects of immunity. 
New York 1925. pp. 254. 

Wencer, Paut. See Duparc, LovIs. 

West, CLARENCE Jay, and BrrotzHEmeErR, D. D. Bibliography 
of bibliographies on chemistry and chemical technology 1900—1924. 
(Bulletin of the National Research Council, No. 50.) Washington, 
D.C. 1925. pp. 308. (Reference.) 

West, Cyrm. See Screntiric anD InpusTRIAL RESEARCH. 
Food Investigation Board. 

Westcott, Wiai1am Wynn. See MARTINDALE, WILLIAM 
HaRRISON. 

Werzrt, E. See Heyy, E. 

Wueeter, RicHaRD VERNON. See Minus Department. Safety 
in Mines Research Board. 

Wuinyates, Lronarp. See Atack, FREDERICK WILLIAM. 

Wuirz, P. Bruce. See MepicaAL RESEARCH CouNCIL. 

WuaitEeLry, MartHa ANNIE. See THORPE, JOCELYN FIELD. 

Wicress, Ropert Ernest. See ScrENTIFIC AND INDUSTRIAL 
Researcu. Fuel Research Board. 

Wi1ams, Guorce Branspy. Sewage disposal in India and 
the East. Calcutta 1924. pp.x-+ 230. ill. 

Wirnry, M. O. See Jounson, J. B. 

Woop, Tuomas Bartow. Animal nutrition. London 1924. 
pp. viii + 226. 

Woopman, Rowianp Marcus. The physics of spray liquids. 
I. The properties of wetting and spreading. (From theJ. Pomology 
and Horticultural Science, 1924, 4.) 

Wortp Last oF ScreNnTIFIC PeRiopIcALs published in the years 
1900-1921. London 1925. pp. xii-+ 499. (Two copies.) 

Woritp Powsr ConFERENCE, First. London 1924. Trans- 
actions. 5 vols. London [1925]. pp. xxiv + 1506, xvii ++ 1600, 
xvi + 1502, xx + 1816. (Reference.) 

Wor.eEy, FREDERICK PALLisER. A new view of atomic structure 
and the relationship of the chemical elements. (From the Rept. 
Austral. Assoc. Adv. Sci., 1923, 16.) ill. 
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WotcuaL, Eugen Pu. A contribution to the study of wood. 
sap. Moscow\1916. pp. 72. ill. [In Russian, with an English 
summary. | 

Wricuton, Harotp. See GReAvES, Ricuarp HENRY. 

ZIELER, K. See HANDBUCH DER SALVARSANTHERAPIE, 

ZIPPERER, Paut. Die Schokoladen-Fabrikation: eine Mono- 
graphie der Kakaofrucht und ihrer Verwertung. 4th edition by 
HERMANN SCHAEFFER and — ScurépER. Berlin 1924. pp. viii ++ 
338. ill. 

ZSIGMONDY, RicHaRD. Kolloidchemie. Ein Lehrbuch. 5th 
edition. I. Allgemeiner Teil. (Chemische Technologie in Einzel- 
darstellungen.) Leipzig 1925. pp. xii + 246. ill. 
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Valuable details as to Manipulation and REACTIONS. 

Improved METHODS for PHOSPHORUS and MANGANESE 
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Newest Method: LIME in SLAGS—3.0.H., etc., Steel Furnace and Blast Furnace 


Ask for new list of names from users in over 140 iron and steel works and other laboratories. 
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Laboratory of Fermentology, Copenhagen, Denmark. 
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Subscription to the Society, including “ The Analyst,” 21s. per annum. (Hon. Sec. 
E. R. Bolton, 6, Milner Street, Chelsea, S.W. 3.) 


Price of Journal to Non-Members : 30s. per annum or 3s. per copy. Agents: 
W. Heffer & Sons, Ltd., Cambridge. 
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Published by Hopkin & Wittiams, Limitep. 


NEW EDITION, 1925. CLOTH BOUND. INTERLEAVED. 
Price 1/6 pest free from the Publishers. 
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B.D.H. CHEMICALS 


FOR RESEARCH AND ANALYSIS 


The following are a few examples of 
chemicals recently made in our works : 


- 


- Benzal-aniline a-Methyl-a-hydroxy-n-butyric 
Benzal o-toluidine acid 
Benzal p-toluidine Methyl-ethyl-aniline 
o-Chlorobenzoyl chloride B-Naphtho-nitrile 
a-Chloro-8-naphthol Nitroacenaphthene 
4 Chloro-phthalic acid Pentacetyl-sglucose 
2:4 Diamino-6 hydroxy- Sodium tetraiodo- 

pyrimidine hydrochloride phenolphthalein 

_ Dibenzoyl-methane Stearolactone 
Diethyl ketone Tetrabromo- phthalic anhydride 
2:5 Dibromo-nitro-benzene ‘'etraiodo-phthalic anhydride 
Gluconic acid 1:2:3 Trimethoxybenzene 


a 


THE BRITISH DRUG HOUSES, LTD. 


MAKERS OF FINE CHEMICALS 


Graham Street, City Road, London, N.1 


Chemical Works: Wharf Road, London, N.1 


: Telegrams: : Telephone: 
 *§ Tetradome, Telew, London.” Clerkenwell 3000 (8 lines) 


TOT ooo ooo 


‘ 


< 


/GURNEY 2 JACKSON 23: PATERNOSTER ROW 


vi JOURNAL or THE CHEMICAL Society, [DecemBur, 1925 


Now ready. Vol. I. 722 pp. Royal 8vo. Cloth. Price £3-3s. nett. 


To be completed in Six Volumes, 


LUNGE & KEANE’S 
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CHEMICAL ANALYSIS 


New Revised Edition 


Edited by CHARLES A. KEANE, D.Sc., Ph.D., Principal of the Sir John Cass 
Technical Institute, London; and P. C. L. THORNE, M.A., M.Sc., Lecturer 
in Chemistry, the Sir John Cass Technical Institute, London. 


CONTENTS OF VOL. J. 


GENERAL MErTHops usED IN TECHNICAL Fur. Anatysis. By G. Nevi_v Hunt ty, B.Sc., 
Anatysis. By Cuartes A. Kerang, D.Sc., A.R.C.S., Consulting Chemist, London, 
Ph.D., and the late Prof. G. Luncr, Ph.D., SuLpHurous Acip, SuLpHuric Acip, AND 


Dr.Ing. Nitric Acip, By J. T. Dunn, D,Sc., Consulting 
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D.Sc., Physicist to the South Metropolitan Gas THe Cuiorine Inpustry. By J. T. Dunn, 
Co., London. D.Sc., and the late Prof.’ G. Lunes. 
TecunicaL Gas. ANALysis.. By CuHartes A. CYANOGEN Compounps. By liersrrr E. 


Keane, D.Sc., Ph.D., and J.S.G. Tuomas, D.Sc. Wiiuiams, Withington, Manchester. 


LUNGE’S SULPHURIC ACID AND ALKALI] 
New Revised Edition 
THE MANUFACTURE OF ACIDS AND ALKALIES 
General Editor: ALEXANDER C. CuMMING,; D.Sc., F.I.C. 


THE MANUFACTURE OF SULPHURIC ACID (CONTACT PROCESS). By 


F, D. MILes, M.Sc. (Lond.), A.R.C.Sc., F.I.C., a member of the Research Staff | 
of Nobel Industries, Ltd., Senior Research Chemist, H.M. Factory, Gretna. With | 


133 Illustrations. xvi + 428 pp. Med. 8vo. Cloth. Price 36/- net. 

THE MANUFACTURE OF SULPHURIC ACID (CHAMBER-PROCESS), By 
WILFRID Wy LD, Consulting Chemist, formerly General Technical Manager of 
Messrs. Nicholson and Sons, Lid. With 165 Illustrations. xii +4424 pp. Med. 
8vo. Cloth. Price 31/6 net. par. 

THE CONCENTRATION OF SULPHURIC ACID. By JOHN WILFRID Parkgs, 
M.Sc. Birm.), A.I.C., late Chemical Works Manager, Messrs. Kynoch, Ltd. 
With ._o-Illustrations. xii + 394 pp. Med. 8vo. Cloth. Price 31/6 net. 

THE MANUFACTURE OF NITRIC ACID AND NITRATES. By ALLIN CoTTRELL, 
M.Sc., F.I.C., lately Acids Manager, H.M. Factory, Gretna, . With. 132 IIlus- 
trations. xvi-+ 454 pp. Med. 8vo. Cloth. Price 36/- net. biden 

THE RAW MATERIALS FOR THE MANUFACTURE OF SULPHURIC ACID 
AND THE MANUFACTURE OF SULPHUR DIOXIDE. By WILFRID WY Lp. 
With 79 illustrations. xvi + 558 pp. Med. 8vo. Cloth. Price 36/- net. 

THE MANUFACTURE OF HYDROCHLORIC ACID AND SALTCAKE. By 
ALEXANDER C. CumMMING, O.B.E., D.Sc., F.C. With 157 Illustrations. xvi + 
424 pp. Med. 8vo. Cloth. Price 31/6 net. 


IN ACTIVE PREPARATION 


THE FIXATION OF ATMOSPHERIC NITROGEN, THE MANUFACTURE OF 
AMMONIA, NITRATES, AND OTHER NITROGEN COMPOUNDS FROM 
ATMOSPHERIC NITROGEN. By JosrPH Knox, D.Sc., Lecturer in Chemistry, 


University of Glasgow. 
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